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with enforcing the l aw  regarding pollution of the natural environment. Environmental pollution is an urgent and 
continuing problem and, consequently, the laws grant considerable discretion to the contmi authorities to define 
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incorporating them in a decisionmaking process entails a considerabl; amount of sckniific knowledge and 
judgment. One area when scientific knowledae is raddk changing concems the discharae of toxic ~ollutanu to- . . - -
thehlation's surface waters. 

This document provides technical guidance for assessing and mgulating the discharge of toxic substances to the 
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ExEWrmESUMMARY 

The rcvised Technic01 SuWort Dwment for Woter Ouol~-bowd 
To& Conml (TSD) P&&S Statu and Regions with g;idance 
on proceduru for use in the water quality-based conwl of toxic 
pollutants. It presents recommendations to regulatory authoritia 
faced with the task of conwlllng the point source diharge of 
toxic pollutants to the Nstion's waters. Tha dacument pro;ida 
guidance for each step in the water quality-bad toxics contml 
process fmm standards dmlopment to compliance monitoring. 
Both human health and aquatic toxicity ipucr are incorporated 
into the discussions throughout the document. The overall aw 
pmach in this mbed  document provides additional explamtions 
and rationales based on accurmlatcdcxpericncc and damfor the 
various recommendations that were made in the e i n a l  TSD. 
The following is a brief synopsis of the guidance provided in the 
TSD. 

Approaches to Water Quality-based Toxics Control 

The Environmental Protection Aaenw's (EPA) surface toxics'cdn 
trol regulation, 54 FR 23868, l ine 2, 1989,.established specific 
requirements that the "integrated" approach be used in water 
qualiwbased toxics control. The "integrated" approach consists 
of whole effluent and chemical-specific approaches as a means of 
protecting aquatic IIfe and h u k n  health. As techniques are 
made available for impkmenting biocriteria, they too should be 
intearated into the water aualitv-based toxics control. thus creat- 
ing i triad of approaches: 'whAe effluent chemical-ipecific, and 
biological assessments. Each approach has its limhtions and 
thus, exclusive use of one approach alone cannot ensure required 
protection of aquatic life and human health. The advantages1 
disadvantages of each approach and how the integrated a p  
proach creates an effective toxics control prwram are diiussed . -
in the text. 

The whole effluent aooroach to toxics control i n w k  the. w of. 
toxicity tests and w&r quality cnteria for the pan&ter "toxic-
iKto assess and control the aaareaate toxicltv of effluents. New 
kerences and information in support of the &ole effluent toxic-
ity assessment and control approach have been included in Chaw 
ter 1 and associated append& (e.9.. precisiondata, jurtificati&s 
for acute-bchronic ratio recommendations. information on ana- 
lytical variabilii in toxicity tating). The dnmica~~pc i f ic  approach 
to aquatic IIfe toxics control relies on numeric water quality 
criteria in State standards and intelpretations of State naira& 
standards to assess and control specific toxicants individually. 

Water Quallty Standards and Criteria 

Where specific numerical criteria for a chemical or biological 
parameter (such as toxiciy) are absent, compliance with water 
quality standards must be bared on the general narrative criteria 
and on protection of the designated uses. For many pollutants, 
EPA's recommended criteria may be used, or criteria may be 
developed using data from the Integrated Risk Information Syr-
tem, or data on the toxicological effprtc of the pollutant found 
either in the literature or required of a discharger. 

Aquatic impaN occur not only from the magnhude of a pdlut- 
ant, but also tmm the duration and frequency with which criteria 
are exceeded. EPA's recommended a&tilife criteria for both 
individual toxicants and whole eftiuent toxicity are specified as 
hvo numbers: the criterion continuous concentration is a ~ ~ l i e d  
as a Cday average concentration; and the aiterion madmum 
concentntlon is applied asan I-hour avmge concentration. The 
frequency with which criteria are all& to be exceeded de. 
pends on sIteynCmc factors asexplained in the ten. 

Strictiy speaking the term "crlteria" means EPA guidance formally 
puMished under the authority of Section 304(a) of the Clean 
Water Act. The toxicity lmlrecommendations have not been so 
publi*nd. However, they represent EPA's carefully developed 
technical recommendation, and so are referred to in this docu- 
ment in the same manner as other criteria. 

EPA's recommended criteria for whole effluent toxicity are as 
follows: to protect aquatic IUe against chronic eft&, t i e  ambi- 
ent toxicity should not exceed 1.0 chronic toxic unit (XI,)to the 
most sensitive of at least three different test species. or-protec. 
tion against acute effects,the ambient toxicity should not exceed 
0.3 acute toxic units (TJJ to the most sensitwe of at lean three 
different test species. 

EPA has developed recommended human health criteria, which 
are called reference ambient concentrations (RAG). In the at. . . 
sence ofEPA's recommended criteria, Stater may calculate RACs 
bas4 on the equations in the text. In addition, the need for 
sediment and biological criteria in State water qualiy standards is 
discussed. 

Effluent Characterization 

This chapter contains completely revised effluent characterization 
discussions and recommendations. It includes streamlined pwe. 
dures (as compared to .the original TSD) for predicting-the likely 
i m ~ Nof toxic effluents on aquatic life and human health. 
Recommendations are provided ior determining, either with or 
without actual effluent data, whether a dixharge causes, has the 
reasonable potential to cause, or contributes to an excursion 
above a State water quality standard. These effluent characterira-
tion procedures can be performed in one step and do not include 
initial screening followed by definitive data generation as was 
recommended in the onginal TSD. 

The revisedeftiuent characterization procedures for assessing po-
tential human health impacts now include control of 
bioaccumulative chemicals. 

Exposure and Waneload Allocation 

A goal of permit writers is to determine what effluent composition 
will protect aquatic organisms and human health. Exposure 
assessment includes an analysis of how much of the waterbody is 
subject to the exceedance of criteria, for how long, and how 
frequently. The first step is to evaluate the effluent plume disper- 
sion. If mixing is not rapid and complete and ifState standards 
allow a mixing zone, the wasteload allocation also must be based 

xiv 



on a mixing zone analysis. Chapter 5 describes the means to 

assess dilut~on at the edge of a mixing zone. As with the onginal 

TSD, ambient criteria to control acute toxicity to aquatic I%may 

be met within a short distance of the outfall. - However. thir
-. 

provision is no longer restricted to outfalls that have a high-rate 

diffuser. 


Hmixino is raoid and complete, there are several models that w n  

be used-to a s k  exposu&. Steady-state models assume that the 

effluent concentration is constant and that the duration and 

frequency witn which criteria are exceeded w n  be retkcled en-

tirety w d d n q  a deslgn flow inthe receiving water of appropriate


~~ ~ 

av&;a$ng peri& and f&quency. . 

Another means of modelino exwsure is to use comouter models . - - ~ ~~~~~ 

that incorporate variabihtyof the individual inputs Guch as efflu-
ent flow and concentration, receiving water flow, temperature, 
background concentration, etc.). There models are termed dy- 
namic rnodeis and are more accurate than steadv-state models In 
reflecting or predicting exposure provided ade6uate data exist. 
The acceptable effluent condition derived using these rnodeis is 
expressed as the effluent long-term average and variance, which 
greatly simplifies derivation of pkrmlt limits. Three dynamic 
modeling approaches are described along with instructions for 
their use. 

Permit Rquirementr 

The requirements of a wastelwd allocation (WIA) must be trans-
lated into a permit limit In the wastewater discharae permit. In 
many cam pennit l imb will be dMerent than the b%Ato refed 
different assumptions and means of expressina effluent aualitv. . ,
T h m  lypes of W L A ~are identified, arid recokmendations are 
provided for deriving permit limits to properly enforce each tyw
br W other pet&-related issues such sspermit docume&- 
tion and how to express limitations are dixussed. In addition, 
guidance tor requiring and conducting toxicny reduction evalua- 
tions is presented. 

ComplianceMonitoring 

The compliance monitoring and enforcement process for water 
quality-bsed permits summarized in Chapter 6 is based on exist- 
ing regulation and guidance. Aswith technology-based permits, 
any failure to meet a limit is a violation, and every violation must 
bb reviewed to determine the appropriate response. Whok 
effluent toxicity monitoring and enforcement conceptr embodied 
in the Cornplionce Monitoring ond Enforcement Strategy for Toxia 
Control Oanuaty 19,1989) have been added to this revision. 





AA atomic absorption IC inhibition concentration 

ACR acute-to-chronic ratio IRIS Integrated Risk lnformation Syrtem (EPA) 

ADi acceptable daily intake LA load allocation 

AML average monthly iimit LC lethal concentration 

ATC acceptable tissue concentration LOAEL lowest obsewed adverse effect level 

ATE acute toxicity endpoint LOEC lmobserved effect concentration 

AVS acid volatile sulfides LTA long-term average 

BAF bioaccumulation factor MCL maximum contaminant levels 

BAT -best available technology MDL maximum daily limit 

BCF bioconcentration factor MERS Monticello Ecological Research Station 

BCT best conventional technology ML minimum ievei 

BMP best management practice NOAEL no observed adverse effect level 

BOD biochemical oxygen demand NOEC no observed effect concentration 

BPI best professional judgment NPDES National Pollutant Discharge Elimination System 

BPT best practicable technology N l l S  National Technical lnformation Service 

CCC criteria continuous concentration ONRW outstanding national resource waterr 

CEAM Center for Exposure Acwsment Modeling (EPA) PCS Permit Compliance Syrtem 

CETTP Complex Effluent Toxicity Testing Program POW publiclyowned treatment worb 

CFR Code of Federal Regulations PQL practical quantitation iimit 

CHC chemical of highest concern ql* cancer potency faaor 

CMC criteria maximum concentration QAIQC quality arsurancelquality control 

CTE chronic toxicity endpoint QNCR quarterly noncompliance report 

CV coefficient of variation QSAR quantitative structure-activity relationships 

CWA Ciean Water Act RAC reference ambient concentration 

DF dilution factor RfD reference dose 

DMR discharge monitoring report RWC receiving water concentration 

DO dissolved oxygen SQC sediment quality criteria 

EC effect concentration STORET storage and retrieval of water quality information 

ECAO Environmental Criteria and Acsessment Office TIE toxicity identification evaluation 

EMS Enforcement Management System TMDL total maximum daily load 

EP equilibrium partitioning TRE toxicity reduction evaluation 


EPA Environmental Protection Agency TSD technical support document 


ERL Environmental Research Laboratoty (EPA) TSS total suspended solids 


FAV final acute value TTO total toxic organics 


FDA Food and Drug ~ d m i n i m t i o n  W toxic unit 


FM food chain multiplierr W. acute toxic unit 


CC/MS gas chromatographlmass spectrometer W, chronic toxic unit 


HHC human health criteria WQS water quality standard 


HPLC high-pressure liquid chromatography W M  wasteload allocation 
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ARM 
CHNTRN 
CETlS 
CIS . 
CORMIX 1 
CTAP 
DESCON 

DFLOW 

DYNHYD4 
DYNTOX 
EXAMS-Ii 

FCM2 
FETRA 
FGETS 
FLOSTAT 

HHDFLOW 
HSPF 
MEXAMS 
MlNTEQA2 
MlCH 

agricultural runoff model 
Channel Transport Model 
Complex Effluent Toxicity Information System 

Chemical Information System 
Comell Mixing Zone Expert System 
Chemical Transport and Analysis Program 
computer program that estimates design condi- 
tions 
computer program that calculates biologically 
based design flows 
hydrodynamic model 
dynamic toxiu model 
Exposure Analysis Modeling System 
WASP F w d Chain Model 
Finite Element Transport Model 
Food and Gill Exchange of Toxic Substances 

u.S. Geological Survey computer program that 
estimates the arithmetic mean flow and 7910 of 
rivers and streams 
historic daily flow program 
Hydrologic Simulation Program - FORTRAN 
Metals Exposure Analysis Modeling System 
Equilibrium Metals Speciation Model 
Michigan River Model 

NPS 

PSY 
SARAH2 

SEWITRA 

S W  
TODAM 

TOXIWASP 
TOX14 
TOXIC 

UDKHDEN 

ULlNE 
UMERGE 

UOUTPLM 

UPLUME 

WASP4 
WASTOX 
WQAB FLOW 

Nonpoint Source Model for Urban and Rural Ar-
eas 

steady-hate, two-dimensional plume model 
surface water assessment model for back calculat- 
ing reductions in biotic hamdous wastes 

Sediment contaminant Transport Model 

S i m p l i i  LakelStream Anaiysii 
Transport OneDimensional Degradation and Mi- 
gration Model 
Chemical Transport and Fate Model 

a subset of WASP4 
Toxic Organic Transport and Bioaccumulation 
Model 
threedimensional model used for single or mul- 
tiple port diffusers 
uniform linear density flume model 
two-dimensional model used to analyze positively 
buoyant discharge 
cooling tower plume model adapted for marine 
discharges 
numerical model that producer flux-average diiu- 
tions 

water quality analysis program 

Estuary and Stream Quality Model 


water quality analysis system flow data subroutine 
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absolute toxlcity isthe toxicity oftheeffluentwithoutconsidering 
rlitlltinn-..-v-... 

acute means a stimulus swereenough to rapidly induceaneffect; 
inaquatictestc.an dlec(obse& 96 hourstoxicity in 
or less typically is considered acute. When referring to 
aquatic toxicology or human health, an acute affect is 
not always measured in terms of lethality. 

acute-to-chronic ratlo (ACR) is the ratio of the acute toxicity of 
an effluent or a toxicant to its chronic toxicity. It is used 

-asa factor for estimating on the basis ofchronic toxidty 
,. acute toxicity data, or for estimating acute toxicity on 

the basis of chronic toxicih, data. 
acutely toxic conditions are those acutely toxic to aquatic 

organisms following their short-term exposure within 
an affected area. 

acute toxicity endpoints (ATE) are toxicity test results, such as 
an LC50 (96 hours) and ECso(48 hours), which describe 
a stimulus severe enough to rapidiy induce an effect on 
aquatic wganisms. 

addltlvlty is the characteristic properly of a mixture of toxicants 
that exhibits a total toxic effect equal to the arithmetic 
rum of the effects of the individual toxicants. 

ambient toxicity is measured by a toxicity test on a sample 
collected from a waterbody. 

antagonlsrnisthecharacteristicpmpenyofamixtureoftoxicants 
that exhibits a lessthan-additive total toxic effect. 

antidegradation policies are part of each State's water quality 
standards. These policies are designed to protect water 
quality and provide a method of assessing activities that 
may impact the integrity of the waterbody. 

aquatic comrnunlty is an association of interacting populations 
of aquatic organisms in a given waterbody or habitat. 

averaging period is the period of time over which the receiving 
water concentration is avenged for comparison with 
criteria concentrations. This specMcation limits the 
duration of concentrations above the criteria. 

bloaccurnulationisthe process by which a compound istaken up 
by an aquatlc organism, both from water and through 
food. 

bioaccurnulatlon factor (BAF) i s  the ratio qf a substance's 
concentrationintiuuevenusiuconcentrationin ambient 
water, in situations where the organism and the food 
chain are exposed. 

bioassay i s  a test used to evaluate the relative potency of a 
chemical or a mixture of chemicals by comparing its 
effect on a living organism with the effectof a standard 
preparation on the same type of organism. Bioassays 
frequently are used in the pharmaceutical industry to 
evaluate the potency of viramins and drug. 

bioavailability is a measure of the physicochemical access that a 
toxicant has to the biological processes of an organism. 
The less the bioavailability of a toxicant, the less ~ts  toxic 
effect on an organism. 

MOcmentr*istheprOEeub~whichacom~Oundirabrbed 
from water through gills or epithelial tissues and is 
concmtrated in the body. 

bloconcentration factor (BCF) is the ratio of a substance's 
concentration in tiuueversus itsconcentration in water, 
in situations where the food chain is g ~ $exposed or 
contaminated. For nonmetabolized substances, it 
represents equilibrium partitioning bebwen water and 
organisms. 

blologiulassessmentisan evaluationofthebiologicalcondition 
ofa waterbody using biologicalsurveysand other direct 
measurements of resident biota in surface waters. 

blologlcal criteria,.also known as blocriteria, are narrative 
expressions or numeric values of the bioloaical 
characteristics of aquatic communities base; on 
appropriate reference conditions. Biological criteria 
serve as an index of aquatic community health. 

biological Integrity is the condition of the aquatic community 
inhabitina unimoaired waterbodiesof a swcified habitat 
asmeasu;ed by'community structure a;ld function. 

b i o lw iu l  monitoring, also known as blomonltorina. describes -
the living orgksms in waterqualitysurveill&ce used to 
indicate compliance with water quality standards or 
effluent limitr and to document water quality trends. 
Methods of biological monitoring may include, but are 
not limited to, toxicity testing such as ambient toxicity 
testing or whole effluent toxicity testing. 

biological survey orbiosu~vey is the collecting, processing, and 
analyzing of a representative portion of the resident 
aquatic community to determine its structural and/or 
functional characteristics. 

blomgnifiotion is the process by which the concentration of a 
compound increases in species occupying successive 
trophic levels. 

uncerpotencyslopcfanor(q1~)isan indication ofa chemical's 
human cancer-causing potential derived using animal 
studi i  or eoidemioloaicai data on human ex&sure. It 
i s  based on extrapolaiing high-dose levels iver short 
mriodsoftime tolow-doselevelsand a lifetimeexwsure 
period through the use of a linear model. 

chronlc means a stimulus that linaers or continuesfor a relativeiv 
long period of time, ofi in onetenth of the life span dr 
more. Chronic should be considered a relative term 
depending on the life span of an organism. The 
measurementof achroniceffect can be reduced growth, 
reduced reproduction, etc., in addition to lethality. 

chronlc toxlcity endpoints (a)are resuiu, such as a no 
obsenml effect concentration, lowest observed effect 
concentration, effect concentration, and inhibition 
concentration based on observations of reduced 
reproduction, growth, andlor survival from life cycle, 
oartial life cycle, and early life staae tern with aauatic - , -
animal species. 



coefficient of variation (CV) is a standard statistical measure of 
the relative variation of a distribution or Kt of data, 
defined as the standard deviation divided by the mean. 

communitvcomwncnt Isa aeneral term that may pertain tothe 
bktic g i l d  (fish, inhrtebrates, algae), ihe taxonomic 
categow (order, family, genus, species), the feeding 
straiegy (herbivore, omnivore, predator), or the 
organizationallwel(individual'popub~n'ammblage) 
of a biological entity within the aquatic community. 

completely mlxed condltlon means no measurabledtfference in 
the concentration of a pollutant exists across a transect 
of the waterbody (e.9.. does not vary by 5 percent). 

continuous rlmulatlon model is a fate and transport model that 
uses time series input data to predict receiving water 
quality concentrations in the same chronological order 
as that of the input variables. 

crlteria continuous concentration (CCC) is the EPA national 
water quality criteria recommendation for the highest 
instream concentration of a toxicant or an effluent to 
which organisms can be exposed indefinitely without 
causing unacceptable effect. 

criteria maximum concentratlon (CMC) is the EPA national 
water quality criteria recommendation for the highest 
instream concentration of a toxicant or an effluent to 
which organisms can be exposed for a brief period of 
time without causing an acute effect. 

crltical life stage is the period of time in an organism's iifespan 
in which i t  is the most susceptible to adverse effedr 
caused by exposure to toxicants, usually during early 
development (egg, embryo, larvae). Chronic toxicity 
tests are often run on critical life stages to replace long 
duration, lifeqcle tests since the most toxic effect 
usually occurs during the critical life stage. 

design flow is the flow used for steady-state wasteload allocation 
modeling. 

designateduserarethoseusesrpecif4inwaterqwlitystandards 
for each waterbody or segment whether or not they are 
being attained. 

dlrcharge length scale is the square root of the cross-sectional 
area of any discharge outlet. 

dlverslty i s  the number and abundance of biological taxa in a 
specified location. 

effect concentratlon (EC) is a point estimate of the toxicant 
concentration that would cause an observable adverse 
effect (such as death, immobilization, or serious 
incapacitation) in a given percentage of the test 
organisms. 

equlllbrium partitlonIn9 (EP) is a method for generating 
sedimentcriteriathatfocusesonthechemicalinteraction 
between sediments and contaminantr. 

final acute value (FAV) is an estimate of the concentration of the 
toxicant corresponding to a cumulative probability of 
0.05 in the acute toxicity values forall genera for which 
acceptable acute tests have been conducted on the 
toxicant. 

frequency is how often crlteria can be exceeded without 
unacceptably affecting the community. 

genotoxic is the ability of a substance to damage an organism's 
genetic material (DNA). 

harmonic mean flow is the number of daily flow measurements 
divided bv the sum ofthe reciprocals of thefiows. That 
<, iGs t h i  reciprocal of the &an of reciprocals. 

(nhlbltlon con~ntrat ion (10is a point estimate of the toxicant 
conrentration thatwouldcause a oiven oercent reduction -~ . .~ ~ 

(e.g., IC~S) in a nonlethal biological measurement of the 
test--.oraanisms. such as reoroduction or growth. - =- , <. - -

lethal concentration is  the point estimate of the toxicant 
concentration thatwouldbelethal toaaiwnwcentaae -
of the test organisms during a ~~ecifi;~eridd. 

lipophllic is a high affinity for lipids (fats). 
load aliocationr (LA) are the pon'on of a receiving water's total 

maximum daily load that is attributed either to one of iu 
existing or fuiure nonpoint sources of pollution or to 
natural background sources. 

lognormal probabllistlc dilution model calculates the 
probability distribution of receiving water quality 
concentrations from the lognormal probability 
distributions of the input variables. 

log P (also expressed as log kow or as n-octanal/water 
partltlon coemdcnt) i s  the ratio, ina two-phasesystem 
of n-octanol and water at equilibrium, of the 
concentration of a chemical in the n-octanoi phase to 
that inthe water phase. 

lowest observed adverse effect level (LOAEL) i s  the lowest 
concentration of an effluent or toxicant that results in 
satistically sianif~cant adverse health effects as observed 
in chroni; okubchronic human epidemiology studies 
or animal exposure. 

mgnltude is how much af a pollutant (or pollutant parameter 
such as toxicity), expressed as a concentration or toxic 
unit is allowable. 

minimum ievel (ML) refers to the level at which the entire 
analvtical svstem gives recoanizable mass s w r a  and 
acciptabi& calibFation pornts when analyzing for 
mllutants of concern. This ievel corres~onds to the 
iowestpointatwhichthecalibrationcurveisdetermined. 

mixing zone is an area where an effluent discharge undergoes 
initial dilution and is extended to cover the secondaw 
mixing in the ambient waterbody. A mixing zone i s  a; 
allocated impact zone where water aualih, criteria can 
be exceeded as long as acutely toiic conditions are 
prevented. 

Monte Cario simulation is a stochastic modeling technique that 
involves the random selection of sets of input data for 
use in repetitive model runs in order to predict the 
probability distributions of receiving water quality 
concentrations. 



no observed adverse effect lml(NOAELI is a tested dose of an rlw- flow umulln~is a monitorina orocedure that follows the 
Muent or a toxicant below whichno adverse biological sameilug-ol wastewater &&ughout hs transport in the 
effects are observed, as identUied from chronic or receiving water. Water aual i i  samples are collected at 
subchronic human epidemiology studies or animal rrceiving water stations; tributaiinflows, and point 
exposure nudies. sourcedischarges only when a dye slug or tracer passes 

no observed effect concentration (NOEC) is  the highest tested that point. 
concentration of an effluent or a toxicant it which no steady-state model is a fate and tranrpoft model that uses 
adwrseeffectsareobsedontheaauatictestomanirmr constant values of inout variables to oredict constant 
at a specific time of observation. 'Determine; using values of receiving water quality concentrations. 
hypothesis testing. STORET is EPA's computerized water auality data base that 

nonthreshold effects are associated with exposure to chemicals includerphysi&l,chcmical, and biologicaldata measured 
that have no safe exposure levels (i.e., cancer). in waterbodies throughout the United States. 

permit averaging period is the duration of time o m  which a sublethal means a stimulus below the level that causes death. 
permit limit is calculated (days, weeks, or months). synergism is the characteristic property of a mixture of toxicants 

persistent pollutant i s  not subject to decay, degradation, that exhibits a greater-than-additive total toxic effect. 
transformation, volatilization, hydrolysis, or photolysis. threshold effectsresultfrom chemicalsthat havea safe level (i.e., 

prioritypollutantsare thosepollutants listedbytheAdministrator acute, subacute, or chronic human health effects). 
under CWA Section 307(a). total morlmum dally badWDL)  is the sum of the indiwdual 

probability is a number expressing the likelihood of occurrence warteload allocations and load allocations. A margin of 
of a specific event, such as the ratio of the number of safety is included with the two types of allocations so 
outcomes that will produce a given went to the total that any additional loading, regardless of source, would 
number of possible outcomes. not produce a violation of water quality standards. 

probabillty distrlbutlon is a mathematical representation of the toxicity IdenURutIon evaluation (TIE) is a set of procedures to 
probabilities that a given variable will have various idelrtify the specific chemicals responsible for effluent 
values. tcxicity. 

practical quantltation limit (PQl) i s  a correction factor, toxicity reduction evaluation (TRE) is a site-specific study 
sometimes arbitrarily defined, used to account for - conductedina~te~w~w~rocessdesi~nedtoidentifyth; 
uncertainty in measurement precision. causative agents of elfluent toxicity, isolate the sources 

reasonable potential is where an effluent is projected or of toxicity, evaluate the effectiveness of toxicity control 
calculated to cause an excursion above a water quality options, and then confirm the reduction in effluent 
standard based on a number of factors including, as a toxicity. 
minimum, the four factors listed in 40 CFR toxlcltytest isa procedure todetermine the toxicity of a chemical 
122,44(d)(l)(ii), or an effluent using living organisms. A toxicity test 

receiving water concentration (RWC) is the concentration ofa measuresthedegreeofeffect onexposed test organisms 
toxicant drthe parameter toxicity in the receiving water of a specific chemical or effluent. 
after mixing (formerly termed "instream waste toxics are those pollutants that have a toxic effect on living 
concentration" [IWC]). organisms. TheCWASection307(a)"priority" pollutants 

recurrence Interval Is the averaae number of years within that a are a subset of this group of pollutants. 
variable will be less than or equal tda specried value. toxlc pollutants are those pollutants listed by the Administrator 
This term is synonymous with return period. under CWA Section 307(a). 

reference ambient conccntratlon (RAC) is theconcentration of toxlc unib VUs) are a measure of toxicity in an effluent as 
a chemical in water that will not cause adverse impacts determinedby theacutetoxicitvunitsorchronictoxicitv 
to human health. RAC is expressed in units of mgll. units measu&. 

reference tissue concentration (RTC) is the concentration of a toxlc unit acute (TU.) i s  the reciprocal of the effluent 
chemical in edible fish or shellfish tissue that will not concentration that causes SO percent of the organisms 
cause adverse impacts to human heaith when ingested. to dieby theend of theacute exposure period (i.e.. 100 
RTC is expressed in units ofmglkg. LCs0). 

reference dose (RfD) is an estimate of the daily exposure to toxlc unit chronic (TU3 is  the reciprocal of the effluent 
human population that is likely to k without an concentration that causes no observable effect on the 
appreciable risk of deleterious dect  during a !&time; test organisms by the end of the chronic exposure 
derived from nonobservedadverseeffKt lwei or lowest period (i.e., 1001NOEC). 
observed adverse effect level. water quality assessment is an evaluation of the condition of a 

relative toxicity isthetoxicityoftheeffluentwhenit is mixedwith waterbody using biological surveys, chemical.specific 
the receiving water, or a dilution water of similar analysss of pollutants in waterbodies, and toxicity tests. 
composition for toxicity testing. 
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wasteload allocation (WLA) is the portion of a receiving water's 
total maximum daily load that is allocated to one of its 
existing or future point sources of pollution. 

water quality criteria a n  comprised of numeric and narratin 
criteria. NumericcriteriaamxienUfiwllvdenvedambient 
concentrations developed by EPA or hates for various 
~oliutants of concern to protect human health and 
aquaticlife. ~arrativecriteriaanstatemenbthatdescribc 
the desired water quality goal. . 

waterquallty llmited characterizes astream segment in which it 
i s  known that water docs not meet appiiwble water 
quality standards, andlor is not exGted to meet 
appllcablewa~rqualitystandardsevenalterapplication 
of technology-based Muent limitations. 

water quality standard is a law or regulation that consisb of the 
beneficial desianated use or uses of a waterbodv. the ,. 
numeric and narrative water quality criteria that are 
necessry to protect the use or uses of that parlicular 
waterboby, and an antidegradation statement. 

whole effluent toxidty is the total toxic effect of an effluent 
measured directly with a toxicity test. 



Purpose 

The purpose of this revised Technical Support Dowment (TSD) for 
Water Quolity-bosed Toxics Contml is to provide the most current . 	 procedural recommendations and guidance for idmyling, ana- 
lyzing, and controlling adverse water quality impacts caused by 
toxic discharges to the surface waters of the United States. The 
original TSD was published in September 1985. Since then. the 
clean Water Act @A) was amended in 1987 with an emphasis 
on controlling toxic pollutants. N m  policies and regulations 
have been and a vast amount of knavlGge and 
experienced has been gained in controlling toxic pollutants. Be 
cause of these changes, EPA revised and updatedthe TSD. 

This guidance document is intended to support the implementa- 
tion of the CWA water quality-based approach to toxics control. 
Ar such. the recommendations and auidance found in this docu- 
ment are not binding and should L u r e d  by regulatory authori- 
ties with discretion. The guidance in this document has been 
developed as the most current representation of knowledge in the 
field of assessment and control of toxic discharaes. Some of the 
guidance in this document is based on ongoing research and 
development (bioaccumulation methods, Chapter 3) and should 
not be used until the procedures are finaliied. 

Background 

The EPA surface water toxics control Drwram. reoresented dia- . - .  
grammatically in the figure, relies on portions df the national 
pretreatment program, the effluent limitations guidelines pro- 
gram, the sludge pmgram, the combined seweroverRow program, 
the stormwater management program, the 304(1) program, the 
water quality standards program, and the National Pollutant Dis- 
charge Elimination Sotem (NPDES) proqram. States are authorized 
by E ~ Ato implement certain portions>f the national toxics con- 
trol program, such as the NPDES program. Scientific and techni- 
cal guidance is developed and published by €PA to assist the 
States. EPA is required by the CWA and federal regulations to play 
an oversight role to ensure that States authorized to implement 
various program requirements do so in accordance with federal 
regulations. 

Stater are given discretion in the CWA to establish and implement 
water quality standards. & such, thcre may be differences in 
toxlcs control programs between States. EPA's oversight role is to 
ensure that each State's program is technically sound and that 
each State fully implements its program. 

Throughout the evolution of the toxics control Dmaram, EPA has 
provi&d guidance concerning new program i&tia&es, statutory 
developments, and regulatory requirements. In 1980, EPA em- 
phasized in itr preamble to NPDES regulations (45 FR 33520) that 
NPDES permit limitations must reRect the most stringent of tech- 
nology-bad, water quality-based controls, or other standards 
required by the CWA (e.g., ocean discharge requirements under 
Section 403 and toxics standards or ~rohibition under Section 
307[a]). EPA reiterated the significance of surface water toxics 
control in 1984 thmuah the ~ublication of its national wlim. ~,~ 

st8tement entitled, ' ~ o k y  for the Development of Water Quality- 
Based Permit Limitations for Toxic Pollutants" (49 FR9016. March 
9,1984). EPA recommended the use of "bioidgical techniques as 
a complement to chemical-specific analyses to assess effluent 
discharges and express permit limitation;" (49 FR 901 7). The 
preamble to additional regulations promulgated in 1984 (49 FR 
37998) stressed the i m p h n c e  of establihing effluent imita- 
tions in NPDES permits to control toxic pollutants. Regulatory 
provisions promulgated on lune 2,1989 (54 FR 23868), clanfy EPA's 
surface water toxics control program and the use of whole effluent 
toxicity, and implement CWA Section 304(1) concerning the 
identification of impaired waters and the development of individual 
control strategies. 

The wntml of toxic discharges to the Nation's waters is an 
imponant objective of the &A. To effectively accomplish this 
o b j j v e ,  EPA recommends the use of an integrated water qual- 
ity-based approach for controlling toxic discharges. EPA's inte 
grated "standards to permits" approach, illustrated in the figure, 
starts with water quality criteria, objectives, and standards and 
results in NPDES permit limits to control toxic pollutants through 
the use of both chemical-specific and whoie effluent toxi&y 
limitations. Limitations are essential for controlling the discharge 
of toxic pollutants to the Nation's water. Once NPDES permit 
limits are set,compliance is essential. Compliance can be ascer- 
tained by continual routine monitorina of effluent aualihr. Water 
quality-based Muent limitations whei developd in aciordance 
with the pnxedures in this document. will nrotect water aualitv . ,
and prevint the violation of State water qu&y standards. 
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1. APPROACHES TO WATER QUALITV-BASED TOXlCS 

CONTROL 

In this chapter, basic principles are pmented that cover the 
protection of aquatic l ie and the protection of human health 
from impacts caused by the rekase of toxics to the Nation's 
surface waters. Protection aaainst toxic releases is called for under 
Section lOl(aX3) of the kinwater M(CWA), which stater that 
"it is  the national wliw that the discharae of toxic wllutants in 
toxic amounts be brohibited." In addition. CWA &on 303(c) 
rmuires States to develop water quality standards to protect the 
publ~c health or weUare,enhancethe quality of water, and serve 
the purposes of the CWA. The control of the discharae of toxics i s  
a objective of the Nat~onal Pollutant ~ i c h a r ~ e  Eliml-
nation System (NPDES) and water quality standards programs. 
The c W ~and Environmental protection Aiencv (EPA) kuiations 
(described inAppendices B-1 and 8-4, m&;eiy) a i thkze and 
reauire the use of the "intearated nrateav" to achiew and main- 
tain water quality standard; Inaddition,- PA policy and guidance 
have lona advocated this approach (see Amendices B-2 and B-31. 
For the pktection of aquaii; life, the integrated Nategy involv& 
the use of three control approaches: the chemical-specific control 
approach, the whole effiuint toxicity control appkch, and the 
biological criteria/bioauessment and biosuwey approach. How. 
ever,ior the protectionof human health, ~hnica~constraints do 
not yet allow for full reliance on an integrated strategy, and thus 
orimarilv chemical-soec%c assessment and control technioues 
ihould 6eemployed: 

The integrated approach to water quality-based toxks control, 
includina the use of toxicity testina and whole effluent toxicilv 
limits, ciemical-specific tesGng anilimits, and biological criterib 
using bioassessments/biosuweys,relies on the water aualilv stan-- . . 
dard; that each State has adopted. All States have water quality 
standards consistinq of both chemical-specific numeric criteria for 
individual pollutanis, and narrative "free from toxics in toxic 
amounts" criteria. Currently, a few States have incorporated bio- 
logical criteria into water quality standards. 

The narrative water quality criteria in all States generally require 
that the State waters be free from oil, xum, floating debris, 
materials that will cause odors, materials that are unsiahtly or - .  
deleterious, materials that will cause a nuisance, or Wbstances in 

r isoncent at ons that are toxic lo aouatic life. wildlife. or huma n 
hh The use of toxicity testing and whole dRuent toxicity 
limits is based upon a State's narratwe water quality criterion andl 
or in some cases, a State numeric criterion for toxicw. 

Chemical-srmific numeric criteria haw been ado~ted bv each 

specific numeric criteria, States may interpret their narrative stan: 
dads for speciRc chemicals by using EPA uiteria updated with 
c u m 1  quantitative risk values. 

Biological criteria pmvide a direct measure of ambient aquatic l ie 
and overall biological integrity in a waterbody. Biological criteria 
constitute one basis for limits that will protea the biological 
integrity of a surface water. 

The inteorated a D m c h  w R  include the control of toxics thmuoh 
impiem&atio"& the narrative "no toxics" criterion and/or &-
mm'c criteria for the parameter toxicity, the control of individual 
pollutantsfor which specific chemical water quality criteria exist in 
a State's standards, as well as use of biolwical criteria. Reliance 
solely on the chemical-spcific numeric citeria or the narrative 
criterion or biological crltrria would result in only a partiallv . . 
effective Sbte to& control program. In the discussion thdt 
follows, each control approach is described in greater detail as 
well as how each of the approaches compleme~t the other two 
by providing additional information for the protection of water 

1.2 ~~~WPRWH FOR AQUATIC 
~~ 

The chemical-spcific approach to toxics control for the protec- 
tbnof aquatic life usesspecific chemical effluent limits in NPDES 
wrmits to control the dischame ot toxics. These limit3 are 
&loped from bboratovderi&, biologically based numeric 
water WaIW criteria adopted within a Stdte's water oualiw stan- 
dards. ' water quality citeria a n  adopted by a S& for the 
Protection of the duianated uses of the receivino water. Chemi- 
&I-specific water quaity-based limits in NPDES 1;ermits involve a 
sitespecific evaluation of the dixhaqe and b effect upon the 
receiving water. Thi may include collection of effluent and 
receiving water data and mul t  in thedevelopment of a wasteload 
allocation(MA) and a total maximum daily load (TMDL) through 
modeling, a mixing zom analysis, and the calculation of permit 
limb. Once a numeric water quality criterion is adopted, chemi- 
cahpecific l imb must be developedin NPDES permits to ensure 
that a permittee's diiharge does not exceed acute or chron~c 
water quality criteria for thepollutant in a receiving water if there 
k a earonable potential for that discharge to cause or contribute 
to ucursions of the critarion. These step are discussed in Chap 
ters 3.4. and 5. 

State. In many cases, States have adopted ~ ~ ~ l k o m k e n d e d  WA water quality criteria for the protection of aquatic life are 
water auality criteria as a cart of their water oualiw standards 11. 
21. (S& chapter 2. ~ a i e r  Quality Criteria and 'standards, ior 
further information.) These Statcadopted numeric chemical cri- 
terla provide the basis upon which ipecific chemicals can be 
limited in permits. Where Stater have not developed chemical- 

develooed under the rmuiremenb of CWA -ion 304faUl) and 
~ 

~7 - - .- ..... .-,,,~ ~~ 

are publishedby EPAin separate criteria documem and summa 
rired in the Qualitv Criteria for Water 111. Water oualiw criteria 
are derived xientiilcally and attempt ionsider a hde;ange of 
toxic endpoints including acute and chronic impacts and 



- - 

bioaccumulation. Each criteM COnSiSts of tm,valmr--an acute 
and a chronic value. Criteria are developed using the l a w  
scientific knowledge on the kindand extent of idmtifbbkeffecCI 
on organisms, such as plankton, Rsh, shellfish, wildlife, and plant 
life. which mav be exoected from the n m c e  of wllutants in 
any body of witer. water quality criter& also refkt'the concen- 
tration and dispersal of pllutants, or their byprodurn, through 
biological, physical, and chemical processes, and the effecCI of 
pollutants on biological communily d'vmlty, productivity, and 
stability of the receiving water [I1. They can be wed to a s s  and 
control a variety of water quality impacts. Chapter 2 provides a 
more detailed discussion of the derivation of numeric criteria. 
Recommendations for using chemical-specific data to determine 
which individual toxicants need to be controlled are found in 
Chapter 3. Legal requirements, including chemical-specific limits 
in wrmits. are found in Chaoter 5. 

1 . 1  	f k w m h f h d ~ v o -
-Ma# 

EPA has conducted a series of studies to determine whether its 
water quality criteria concentrations are protective of aquatic life 
in receiving water systems. The first study was conducted at 
Shayler Run, Ohio, to evaluate the applicability of laboratory-
oenerated toxicih, data to a natural stream artificiallv dosed with 
Fopper to provide steady concentrations [3]. The ksults of the 
study indicate that several characteristics of sitespecific water 
quality affect the toxicity of copper. The results also indicate that 
avoidance of elevated concentration areas by instream organisms 
can produce obselvable ecological changes at concentrations 
below those found to be harmful in laboratory toxicity tests. No 

instream dfcctr were observed at COntinuous exposure concen- 
trations near EPA's current chronic criterion, applied at the water 
hardncss of Shaykr Run. 

Studies wrformed on exmrimental streams at EPA's Monticello 
~cologi&l Research Station (MERS) indicate good agreement be 
hveen EPA's criteria concentrations and the instream concentra- 
tions producing aquatic life effects under steady exposure condi- 
tions 14-1 31. EPA's water quality criteria are not threshold levels 
above which M n i t e  measurable instream effects are always ex- 
pected. Rather, the criteria embody conservative assumptions 
such that small excursions above the criteria should not result in 
measurable environmental impacts upon the biota. The data 
indicate that ifthe ambient water quality criteria are met, then the 
biota in the receiving water system will be protected from unac- 
ceotable hc.acts caused bv the chemical of concern. The studies 
&duct& by MERS are d&cribed in greater detail in Box 1-1 and-
Tables 1-1 and 1-2. 

122  	#~rd-m0 ~ W E ~ Im~onw 
Tables 1-3 to 1-5illustrate the types of precision commonly seen 
in inorganic, organic, and nonmetal inorganic chemical analyses 
that are routinely u d f o r  determining concentrations of specific 
wllutants in effluents. These tables show the observed variabilitv. 
?he variability of chemical measurements increases as one a& 
proaches the limit of detectability for a chemical. Table 1-3show 
the interlaboratory precision of 10 metals. The cwfficient of 
vaMtion (tV).defined as the standard deviation divided by the 
mean x 100, for these analyses ranges from 18 percent to 
129percent [IS]. Table 1-4shows the interlaboratory precision 

Box 1-1. Comlatlon of Chemical-specific Criteria to Instream Impacts 

In studying the field applicability of EPA's water quality criteria in freshwater systems, MERS (Monticello 
Ecological Research Station) conducted studles in experimental streams [4-141to determine the level of 
protection provided by the individual chemical criteria. Each of the streams war one-quarter mile long with 
alternating mud.bonorned pools and rocky Mes. Fish were stocked into the streams to.a known population 
density while other plants and animals were the result of natural coloniration. 

The chemicals studied were ammonia, chlorine, chlorine combined with ammonia, selenium, and pentachloro- 
phenol. Some studies were wnducted during a summer (pentachlorophenol) while othen continued for more 
than 2 yean (selenium W. Tabks 1-1 and 1-2show sample data on ammonia and ammonia combined with 
chlorine. In all experiments, the streams were dosed continuousty with the chemical(s) being studied and the 
biological effects were determined statistically by a comparison to the control streams. The concentration at 
which biological effects occumd were then compared to the EPA criteria continuous concentration (CCC) for 
that compound. 

With the exception of chlorine in the prerence of ammonia, the data from the other experiments indicate that 
slight or no effects were found in the streams at the CCC. This indicates that the CCC is providing chronic 
protection at the recommended concentration for that particular chemical. In the case of chlorine combined 
with ammonia, a substantial Impact was found, but only on one species, the channel catfish. Because the CCC is 
designed to protect most, but not all of the species aN of the time (seediscussion inChapter 2 on EPA Ambient 
Water Quality Criteria), slight impacts may be expected under continuous exposure conditions. 



Tabk 1-1. Effects in Streams Exposed to Ammonh [a131 Tabk 1-3. Intd.bor.toy Predslondlnorg.nic Atu lyds  
at the Low Endof theMwsummcntDetection Range (151 

7 

Effects 
Indicator Criteriaa 3Xb 9XC Analyte No. of Labs (96) 

Fish Aluminum 37 43 

Fathead minnow od 0 0 Cadmium 63 66 

Bluegill 0 0 i+ 
Chromium 72 40 

Channel catfish + cc m Copper 86 36 

White sucker 0 0 0 Iron 78 38 

Rainbow trout 0 0 ++ Lead 64 46 

Walleye 0 0 ++ Manganese 55 129 

Mercury 76 79 

Benthic Invertebrates 0 + ++ Silver 50 18 
Zinc 62 118 

Zooplankton 0 + + 

Notel 
Criteria - 0.05 mgll vnionirm ammonia (NHs) at MI*N N m  pH and tem. 

pnture; 1.0 mgll total ammo"* mr added to m c h  this concentration; 

conccntrationl of unionized ammanla varied dailyand s e l l ~ ~ l l y d u e  
to  ~ t u r a l  

pH and Umpnturc flurtualianr. 

3X -lhm timescriteria <oncentration bwdon Input 01 3 mgll total ammonia. 

9X. Nine timer criteria concentration basedon input of 9 mpll total ammonia. 

0 - NOdimnnce horn controls; r'r npmeot gradation d d m n c x n  tmrn 

controls nnging horn rlight (+) to dramtic (ur). 


Table 1-4. Interlaboratory Precision Ranges for Organic 
Chemlcal Analysis 

EPA 
Chemical No. CV %Data Document 

Table 1-2. Effects in Streams Exposedto Ammonia Labs (%) Discarded' Referenced 
and Chlorine [&13l 

Benrene 
Effects 4 Chlombenzenes 20 31-54 10 600154.84-064 

Indicator 4 ug/P 35 ug11 122 ugll Ethyl benzene 
Tdwne 
23 Halocarbons 20 16-29 ? 600154-84-064

Fish 4 Halocarbons 20 40.50 ? 
Channel catfish +tb i+ +++ 11 Phenols 20 2045 20 600/54-84444
Bluegill 0 0 0 38-64 ? 

Benthic invertebrates 0 + ++ Beruidine 17 3849 ? W54-84-062 
Zqlankton 0 0 0 3.3-Dichlomzidim 
Bacteria + ++ +++ 6 Pthaiate esthen 16 ? 22 600154-84-056 
Periphyton 0 0 0 3 Mtmsamines 17 ? 19 600154-84051 
Primary production 0 0 0 24 Organochlorine 22 >I245 ? 600154-84-061 
Liner decomposition . + + ++ Pesticidesand PCBs 

Aquatic planti 0 0 0 16 PNA( ? 16-91 ? 600154-84-063 

~ d d ~ o u t l * r r .  
w t u  n b lmpomnt m note ttut in many h iu la r l p s  a decision may be ma&

Awn@ concentrations d n C  in pnvnce d 2 W l  m 3mg/l total ammonia; Uw reruh an-r data pdnU,w outlicn. are mumble and are not re. 
fw chlorine - 11 ugli. muom1 ~~Iter i .  posted IS nUddrU polnu. TMI yp ol drU mlultimb m& h u u k  in 

b 0 INo dinefence h,om conuols; t'r npacnt @tion ot d f f l e m n  horn -iul a m bu, i s  mutine U, v a t  mc . M ~ S  ~n ume ump* a d
c ~ u o l smqlql r msQht (+) V,dtmmk (-). referenceN d r d  untilI nKceptabk muH i s  obtainsd. 



Table 1-5. Interlabomta~Msinnof NonmeUl Inorg.nk 
Analyses Over the kawnmen t  Range [IS] 

NO. 
Lab Parameter CV (96)h g e  

17 Alkalinity 4.9-14 

>20 Residual chlorine 13-25 

16 Ammonia nitrogen 15-58 

6 Kjjldahl nitrogen, total 3841 

15 NO3 nitrogen 17-61 

6 Total P 2540 

58 BOD 15-33 

58 COD 6.9-34 

21 TOC 4.670 

associated with organic chemical analvses. The CVs ranae from 
12 percent to 9 i  percent. ~ a b l i1-5 demonstra~es the 
interlaboratow precision of nonmetal inoraanic analyses at the 
lower end of ihe measurement range. Th; CVs for ihis type of 
analyses range from 4.6 percent to 61 prcent [IS]. The data in 
~abies 1-3 t i  1-5 re~ecttertin~ in reagent grade Later. Actual 
CVs from testing effluents can be higher due to mattix effects. 
However, in 40 CFR Part 136 analytical methods, matrlx effects 
are acknowledged. 

The whole effluent approach to toxiu control for the protection 
.of aquatic life involves the use of acute and chronic toxicity tests 
to measure the toxicity of wastewaters. Whole effluent toxicity b 
a useful parameter for arreuina and ~rotectina mains imm* 
upon water quality and design& uses caud-byke agg&gate 
toxic effect of the dixharae of wliutants 1161. Whole fluent 
toxicity t e a  employ the uie of kndardinb, iurrogate freshwa- 
ter or marine (dewndina uwn the mlxtun of efllwnt and meiv-
ing water) plants;inw~e-bra'tes, and vertebrates. €PA h a  published 
extensive written protocols listing numerous marine and freshwa-
ter species for toiicity testing (1 7,18, 191. 

An acute toxicity test is d e t i d  as a test of 96-hours or ksr in 
duration in which kthality is the measured endpoint A dmnic 
toxicitv test is defined as a lona-term Min which sublethal 
eff& such as fertiliition, gro&, and reproduction, an  usually 
measured, in addition to lethality. Traditionally, chronic tcm m 
full life-cycle tests or a shortened test of about 30 dayJ known as 
an early life stage test. However, the dmtlon of mon of the EPA 
chronic toxicity tests have been shortened to 7 days by focusing 
on the most sensitive lifecycle s t a ~ .  For this mson the EPA 
chronic tesU are called shori-term &ronlc tests. Box 1-2 summa- 
firerthe short-ten chronic tests c u m W  recommended by €PA 
The acute and short-term chronic d s recommendedby €PA 
are presented in t h m  methods manuals (17.18. 191. 

In a laboratory acute toxicity test, an eftluent rampk is cdkcted, 
diluted, and pbced in testchamben with the chosen tea species. 
After 24, 48, 72, and 96 houn, the number of lhn organisms 
remaining in each testconcentration and in a conipl is recorded. 
In a laboratory chronic toxicity M,an effluent Gmple is cd- 
kcted, diluted, and placedintestchamben. An exampk of a di- 
l h n  s e k  wed in chronk or acute tatr is 100, 50, 25, 12.5, 
and 6.25 percent, and a control. Test organisms are placed in 
these test chambenfor specW periods of time. At various Umcr 
during the upowrre period, the organisms in each chamber are 
obsmed. In the short-term chronic tests, at t a  termination, the 
lowest effluent concentration that causes a significant adverse 
impact on the mnsensitive endpoint for that test is cakulated 
(this endpoint o n  be moNUty, reduced fertilmtion, larerfewn-
dity, reduced gmwth, etc.). In the acute tests,at ten termination, 
the number of dead organisms are recorded and an LCso is cal-
culated. 

Dilution water is an important part of toxicity testing. Dilution 
water may either be standard laboratory water andlor the receiv- 
in0 water. Sometimes the recehrina water is used to dilute the 
dfiuent because it more closely limuites dfluent/receiving water 
interactions. This mav kesoeciallv imwrtant in thecase of saline 
receiving waters. 6 saliXty of hereceiving water should be 
matched as dorclv as wrrlble to the salinity In the test chambers 
(within the salinity range constraints of a particular method) for 
the purposes of conducting the tests. 

Quality control and quality assurance are an integral part of whole 
effluent toxicity testing. Use of a standard control water and a 
reference toxicant test are both recommended to ensure quality 
assurance in chronic testing. It is important to understand that 
each of the chronic tests has minimum criteria of acceptability for 
each endpoint that is measured in the controls (i.e., 80 percent 
survival and minimum criteria for growth, reproduction, and 
fertilization). The acute tests also have criteria of acceptability 
measured in the controls. 

Acute toxicity endpoints (ATEr) commonly include lethal concm- 
tratlons (LG) and are described in terms d effluent concentra- 
tions. The LC is  the concentration of toxicant at which a certain 
percentage of the testorganisms die, e.g., the LC10 or LCso. An 
exw~u~duration - ~ , ~ - . -.also isincluded in theendmint.&ch as 24.48.~ 

7i, or 96 hours (e.g., 9 ih iu r  LCso). 

Comnwnly used chronic toxicii endpoints (CTEs) indude the no 
observedeffectconcentration (NOECI. the lowest observed effect 
concentration (LOEC), and the ef& cpncentration (EC). The 
NOEC is the hiahest concentration of toxicant. In terms of oer- 
cent dRuent to;vhich the testorganisms are exposed that cab* 
no observable advene effect. The effectsmeasured mw include 
decrrawr In reproduction and growth, or kthality. Th; LOEC Is 
the l o w  concentration of toxicant to which the test ownisms 
are upod that caurer an obseivai effect. Again, t& ~ a m c  
effectsare usually observed. The EC is the toxicant concentration 
that woukl cause an adverse effect upon a certain percentage of 
the testorganisms, (e.9.. EClo or ECsO). 

hchronic t r  y tests, the ucpawrr duration in the EPA testing 
Drotocols is ost ahvan awmed to be the 7da%short-term 
h o d  unku othemise *&died in the protocol. * sr example, 
the C e n i o  test must be continued untll at kast 60 percent 



Box 1-2. Shott4erm Chronic Toxiclty Methods 

Spcder/Common Name 

Freshwater Species 

Cekdophnio dubio 
Cladoceran 

Pimepholes pmrnelos 
Fathead minnow 

Pirnephoks pmrnelos 
Fathead minnow 

Selenostrum copricomuturn 
Freshwater algae 

MarineRstuarine Species 

Arbacio punctuloto 
Sea urchin 

Chornpio prvulo 
Red macroalgae 

Mysid&sis bohio 
Mysid 

Cyprinodon voriegotus 
Sheepshead minnow 

Cyprinodon voriegotus 
Sheepshead minnow 

Menidio befyliina 
Inland silverside 

Test Duration 

Approximately 7 days 
(until 60 percent of control 
haw 3 bmods) 

7 days 

7-9 days 

96 hours 

1.S hours 

7-9 days 

7 days 

7 days 

7-9 days 

7 days 

Test Endpoints 

Survival, reproduction 

Larval growth, survival 

Embryo-larval su~'val, 
percent hatch, 
percent abnormality 

Growth 

Fenilizatii 

Cystocarp production 
(fertilization) 

Growth, survival, fecundity 

Larval growth, survivai, 

Embryo-larval survival, 
percent hatch, 
percent abnormality 

Larvsl growth, survival 

of the females produce three broods. This may require more or 
less than 7 days to occur. 

It is useful to note that ~ ~ s b n d  EGare point estimates statistically 
derived from a mathematical model that assumes a continuous 
doseresponse relationship. NOECs and LOECr, slatistically deter- 
mlned using h p t k i s  testing, a n  not w ln t  estimates 1181. In 
order to Grcome the dmcu~ty in statistkally deriving the MEC 
using hypothesis testing, a mw statistical procedure has been 
developed. This procedure, referred to as the inhibition concen- 
tration (IC), i S  a point estimate interpolated from the actual 

effluent concentrations at which measured effects occurred dur- 
ing a chronic test. The IC is an estimate of the toxicant concentra- 
tion that would cause a given percent reduction in a biological 
measurement of the te; organisms, including reproducGon, 
arowth, fertilition, or mortality. For exam~le. an I C x  for re-
production would represent the cfRuent conc;ntration atwhich a 
25-pcrcmt reduction in reproduction occurred. 

Since the IC is a point estimate, a CV can be calculated. A CV 
cannot be calculated ifhypothesis testing is u s 4  becauseresults 
are only available for the effluent concentrations used. For this 



reason, estimates of testprecision cannot be cakulated for NOEG 
derived by hypothesis teting. 

The IC also is not depMdcnt upon the selection of the effluent 
concentrations. In Contrast, NOEG calcubted by hypothois 
terting are dependent upon the concentrations initially selected. 
For example, if  a chronic test is conducted using 100, 50, 25, 
12.5, and 6.25 percent eff7uent concentrations, and the LOEC 
exhibited by the data is at 25 percent effluent theNOEC calcu. 
lated by hypothesis testing is estimated to be the next lowest 
dilution, or 12.5 percent. Homvcr, the W e  NOEC value may lie 
somewhere between 25 percent and 12.5 percent effluent. 

Comparisonsof both typu of data indicate that an NOEC derived 
usinq the IC75 is approximately the analogue of an NOEC derived 
using hypoth~sis testing (seeFigure 1-1)-For the abwe reasons, 
ifpossible, the IC25 is the prefemd mistical method for deter- 
mining the NOEC. 

Another important issue in conducting both acute and short-term 
chronic toxicity tests is the dilution series. The EPA methods 
manuals recommend six dilutions, including the contml. The 
only exception to this is a toxicity test conducted on ambient 
receiving waters. Then, each ambient receiving water is com-
pared statistically to the control without dilutions. It is not 
accurate to assume that two dilutions (the receiving water con- 
centration lRWCl and control) are all that are ultimatelv necessn, 
for determining ;ompliance ki th a toxicity limit. I f  ihe toxicit; 
tests are conducted with onlv the control and one effluent con- 
centration (i.e., the RWC), thienor and variabilityass~iated with 
this type of statistical analysis is large (201. 

For the above m n s ,  EPA recommends the use of five effluent 
concentrations and a control to determine the magnitude of 
taxiciiy. WhcncanduNngcompliance monitoring, an option is 
to choose the five concentrations that bracket the RWC (hvo 
concentrations abwe and hvo below). This would result in the 
determination of compliance status as well as a statistically valid 
estimation of the NOEC. The information provided from the full 
dilution serier w u l d  indicate how close the test endpoints are to 
the pennitlimit and how close toviolating the limit the discharger 
is, and, I f  measured over time, the variability of the effluent. 

Since toxicity involves an inverse relationship to EC (the lower the 
EC, Uuhigher the toxicity of the effluent), it'is more undemand- 
abk to translate concentration-based toxicity measurements into 
toxic unitr (TUs). In this way, the potential confusion involving 
the inverse relationship is overcome and the permit limit deriva- 
tion process is better served. The number of toxic units in an 
effluent is defined as 100 divided by the EC measured: 

TUa= I W L C ~ ~  

TU, = 1 OOINOEC. 

For example, an effluent with an acute toxicity of an LCSO in 
5 percent effluent is an effluent containing 20 Was. 

A vew imwrtant asDect of toxic units is that two different tvws 
a n  u&d hependinion whether acute or chronic aquatic t o k t y  
is measured. The proper expressions for toxic uniu are TU, and 

Figure 1-1. Thls figure represents the percentage of the time the mean NOEC was approximtely equivaknt to an IC,,,. ICIG ICm. 
IC&, IC3b and I C ~  23 eftluent and &erence toxicant dat. sets analyzed; The d m - 6  Included short-t;rm.&ro% fo;a11 
toxicity tert for Cnlodaphnio dubla, Pinwphakpmnwlas (fathead minnows), Mmciapunctulata (sea urchin), Cvprinodon variwatus .. -
(sheephead minnowsj, and Champio parwla (red algae) 1211. 



N,. TU, is the measurement of acute toxicity units and TU, is a 
m&urehent of chronic toxicity units. (s& the glossary Tor a 
definition of these terms.) They are not the same meas~rrmmt 
and should not be used interchangeably. Acute and chronic N s  
make it easy to quantify the toxicity of an effluent and to specify 
water oualitv criteria based u w n  toxicitv. For examoie. an efflu- 
ent sample ha t  contains 20 iUcs is &e as toxic ds an effluent 
that contains 10 Ncs. 

1.8.2 	 C m b d k r o f m o t r E M w r t T . d r l t y ~ h l
Admlla?IwMngmu*prcr 

EPA conducted the Complex mluent Toxicity Testing Pmgram 
(CEffP) that examined sltes in both freshwater and saltwater 
wstems to invesbate whether or not an evaluation of effluent 
tbxicity, when adequately related to receiving water conditions 
(i.e., temperature, pH, salinity), can give a valid assessment of - - receiving system impacts on waters that support aquatic biota 
[22-251. Summaries of these site studii are provided inBox 1-3 
(freshGater) and Box 1-4 (saltwater). In addition, three other 
studies, preronted in Box 1-3, were conducted to address this 
issue: a comparative investigation conducted by the University of 
Kentucky [26], a second study on the Trinity River in Texas 
conducted by the University of North Texas [27], and a third 
study conducted by the North Carolina Division of Environmental 
Management [ZB]: 

It is imwrtant to note that in these studies. diierent obiectiw 
wen addressed. The CETTP freshwater studies attempted to 
correlate receiving water chronic toxicity measured by EPA toxic- 
ity tests to instream observed impacts (Figure 1-2). The C m P  
s k a t e r  studies compared effluent toxicity to ambient receiving 
water toxicity using dye studies to measure receiving water con- 
centrations of effluent. The North Carolina study comprred 

effiuent toxicity to receiving water impact using Ceriodophnio 
chronic toxicity tests and receiving stream benthic 

(Fqure 1-3). The Kentwky study examined 
the relationship behwen &wnt toxicity tests and instrearn eco- 
logical parameters. The Trinity River study attempted to spatiaiiy 
compare the biological, physical, and chemical water quality and 
sediment qua l i  of Trinity River reaches above and below the 
Daibs/Fort Worth area (Figure 14). 

Together, these studies comprise a l a m  data base swificallv 
coiected to determine the vaiidiv ofioxicity tem io  predi& 
receiving water community impact. in order to address the 
correbt6n of effluent and ambient toxicity teN to receiving 
water impacts, EPA evaluated the results of the studies discussed 
above [29]. The results, when linked together, clearly show that if  
toxicity is present after considering dilution, impact will aiso be 
present. 

Parkhum et d.. were reauested bv nwerentatives of industrial 
and municipal discharges i o  critiqu; th; CRTP studies [30]. One 
maior criticism was that the EPA studv sites were not seiected 
ra&omiy and therefore the results i f  the studies cannot be 
extended to all waters. EPA agrees that the CEllP sites were not 
selected to repfesent a statistkaliy valid sampling of all types of 
waterbodies in the United States. A representative sampling of 
receiving water would require assessment of more sites than EPA 
could study in a comprehensive manner. Such a sampling was 
bevond the cambilitv of EPA's resources. However. the CE'KP 
a& comsponding scudies such as the Trinity River st"dy [27] did 
show unequivocally that a strong correlation exists between tox- 
icity and a biological impact. 

EPA k l i e w s  that it is reasanable to assume in the absence of data 
showing otherwise that this relationship i s  basically independent 

Box 13. Correlation of Toxicity Meaauremnta-to Receiving Water Impact (Freshwater) 

EPA conducted eight freshwater site stud'er in which ambient toxicity was compared to the receiving water 
biologicai impact. These rite studies were a part of the Complex Effluent Toxicity Testing P q n m  ( C m ) .  
Testing was done onsite concurrent with the field surveys. S i i  exhibiting biological impacts in Oklahoma, 
Alabama, Maryland, West Virginia, Ohio, and Conmcticut were included. Organisms were exposed to samples 
of water from various stations and tested for toxicity. Biological s u m  (quantitative field sampling of fish, 
invertebrate, zooplankton, and periphyton communitks in the receiving water areas upstream and downstream 
of the discharge points) were made at these rtations at thesame time the toxicity was tested to ree how well the 
measured toxicity correlated to the health of the community. Therestudies have been reviewed and published in 
the EPA publication series [23, 31-38]. 

Figure 1-2 illustrates thedata from the CETP studii. A robust canonical correiation analysis was performed to 
determine whether or not statistically significant rektionships existed between the ambient toxicity tests and 
instream biological response variables and to identify which variables played an important rde in that relation- 
ship [29], influential variables were then used to ccbsri stations as either impacted or not Griodophnio dubio 
productivity andlor Pimephoks p m l o s  weight were used as the basis for predicting impact. Fih richness was 
used to classify streams as impact obse~ed or i ~ anot OM. 
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Box 19. Cornlation ofToxicity M.rsuremonta to Receiving 
Water impact(Fm8hmt.r) (continued) 

Classification was bnsed on the relative performance the mtions on each stream in the study. Percentiles df 
the appropriate distribution (normal for toxicity variables, and Poiwn for fish richness) were used to set cutoffs 
for claairication. Two-way contingency tables representing stations as impact predicted or not. and impact 
o b s e d  or not were prepared from a variety of cutoffs (percentages). The exact test for independence was 
performed on each contingency tabk. 

Iftoxicity test results were uwd to classify sites as Impacted or not (predicted classification) and la strong 
relationship does exin betmu, ambient toxicity and biological mponre, thcn the classification of stations 
according to biological response should closely match the predicted classification. Hence, the emrs in , ' 

misciassification should be small. 

Figure 1-2, developed using a 95 percent-95 percent cutoff, shorn that false. positives (impact predicted but 
none found) occurred at 7.5 percent of the 80 stations. The pmbability of getting no more than 7.5 percent fake 
positives under the null hypothesis that thereis no relationship between ambienttoxidty and biolqgicai response 
is kss than pP0.001. Ac d iscud above, this is the only Mnitive error that can be identified in such 
compariwns. The correct or noncontradictory findings (no measured toxicity but observed impacts) were 
92.5 percent of the stations. A variety of other cutoff criteria combinations were evaluated and the number of 
false positives remained in the 7 percent to 8 percent range. Therefore, a discharger's chance of being charged 
incomctly with causing instream toxic'ty is low=- in the receiving water is considered. 

A comparative ti& series study conducted on the Trinity River in Tuas that used the same dassif~ationmethod 
as the CETTP studies also shaved a strong relationship between ambient toxicity and instream biologicai 
response (Figure 1-2). False positives (impact predicted but not observed) had a frequency of 8.3 percent. 
Overall there was a 91.7-percent accuracy of prediction or noncontradictory findings [29], and the probability of 
a false positive (impact predicted but not obsewedlimpact predicted) ranged from 8 percent to 11 percent in 
these studies. 

Another study conducted by the North Carolina Division of Environmental Management indicated the high 
accuracy of predicting receiving water impact5 from whole fluent toxicity tests. Forty-three comparisons were 
made between freshwater flowing streams using the Ceriodaphnh dubio chronic test and a qualitative 
macroinvertebrate sampling. Overall there was 88 percent accuracy of prediction (Figure 1-3) [ZB]. 

In addition, another comparative study was conducted in the Kentucky River Basin 1261. This study consisted of a 
cornparah ecological and toxicological investigation of a secondary wastewater treatment plant and measured 
instream effedr at 10 stations including reference sites. The principal objective of the study was to assess 
downstream persistence of aquatic contaminants, to quantify their effebr on structure and function of aquatic 
communities, and to Gluate the fathead minnow embryo-larval test for measuring instream toxicity and 
estimating chronic eff- on aquatic biota. The results of the study indicate a good predictive correlation 
between embryo-larval survival and independent ecological parameters, especially species richness of 
macminvertebrates. The correlation co&cknts for species richness and embryo-larval survival was 0.96, and for 
emby-larval survival and dimity.it was 0.93. The estimated toxicity (LC1) correlated closely with the actual 
percent instream fluent dilution observed at the first downstram station at which no ecological impact war 
diwemable. 

Using the statistical classification previously described in the CETW and Trinity Uwr studies, an analysis was 

conducted on the combined data sets of the CERP, Trinity Rim, and Kentucky River k i n  data. Because the 

North Carolina study was b a d  on the Ceriodaphnio dubiochmnic ta t  and a qualitative macroinvertebrate sam- 

pling, the data were not amenable to this type of statistical analysis. This combined anaiysis is illustrated in Figure 

1-5. The probability of getting no more than 9.4 percent false positim (impact predictedlimpact not observed) 

when the null hypothesis (no relationship between ambient toxicity and biological response) is less than 

pP0.0028. 




Box 1-4. Correlationof Efflwnt Toxicity MeasuremOnts to 

Rowivlng Water Toxicity (Saltwater) 


In saltwater systems, as in fmhwater systems, receiving water impact should only be &en where receiving water 
waste concentrations are at M above the effectconcentrations. Dilution in marine and estuarine ryNms may be 
greater due to largeand/or complex mixing than most freshwater system. &a result, there is a kss likely chance 
for receiving water impacts to be observed in saltwater systems as predicted by toxicity tests. 

Figure 1-6 illustratesthc comparison b*men predictions of saltwater receking water toxicity and whok effluent 
toxicity. Toxicity test data from 79 ambient stations (four study sites) were compared to effluent toxicity test 
m u b  from an isolated discharge at each site. All receiving water toxicity to effluent toxicity correlations are 
b r e d  on dye studies conducted at each of the four sites to detenine the actual dilution. 

Most of the sites were selected because the discharge was isolated fmm other point sources and potential 
impacts from other point sources was anticipated to be negligible. Two of these studies indicated near-field 
effects, generally within the mixing zone. One study conducted at Femandina Beach, Florida 1251, showed 
impacts outside the proposed mixing zone. Results of another study (East Greenwich) indicated the existence of 
poor water quality well beyond the influence of the East Greenwich Sewage Treatment Plant and suggests that 
other sources (point or nonpoint) may contribute significantly 125, 39, 401. T h i s  condition may be typical in 
some of the more stressed estuaries. 

In a total of 79 comparisons, 11 out of 15 (73 percent) of the receiving water samples predicted to be toxic were , 
toxic. This constitutes 14 percent of the total comparisons. Toxicity was not predicted in the receiving water and 
toxicity was not seen in the receiving water 59 out of 64 times (92 percent). This constitutes 75 percent of the 
total comparisons. 

In 5 percent of the total comparisons there was a false negative prediction, or the toxicity tests predicted no 
toxicity when the receiving water was toxic 1241. k previously discussed, toxicity is only one possible adverse 
influence. Since only toxicity is measured, a very high correlation should not be expected necessarily kcause 
receiving water biological impacts may be attributed to other sources or factors. 

The results of the studies at these four sites indicates a 94 percent accuracy when using the marine and estuarine 
toxicity tests to predict receMng water impacts. in only 6 percent of the cases did effluent toxicity t e N  predict 
receiving water toxicity that was not present (false positive). 

of waterbody type. Also, this was not the objective of the CETFP Another major criticism was the correlation between toxicity tests 
studies. The C m P  purpose was to determine if toxicity and and biological impact relied extensively upon maximum impact 
impacts to biological communities are found concurrently in responses and that correlation was poor when data from high 
receiving waters. Therefore, EPA disagrees that this is a reason to flow events and lewr  toxicity discharges (minimal impact re 
conclude that the C m P  studies failed to show the validity of sp0nses)wreadded. EPAacknowledges that impactcorrelations 
toxicity tests to predict water quality impact. will be higher where higher toxic impact occurs and lower where 

impacts are expected to be minimal. Such a response is expected 
Another criticism was the studies did not investiaate redlation of g i n n  the complexity of ecosyrtems and that biological communi- 
results over time. Homver, toxicity results cannot be expected to &s and species have dUferint sensitivities to toxicants and may 
be replicated over time in waters h r e  river flow and other t ime respond dMerently. Also, higher river dilution will reduce the 
variant factors change the degree of ambient toxicity. Indeed, potential inweam impact horn effluent toxicity. However, this 
the Kanawa River and FiveMile Creek data showed that ambient observation d w  not disprove that the C E l T  and other studies 
toxicity did not occur at high river flows whereas it war found at showed a statistically sound relationship to correlate toxicity to 
lowfiows; this wasan expected result. The obi j iveofthe C m P  the existence of a biological ambient impact. Therefore, EPA still 
studies was to see if impact was present h  n  effluent toxicity concludes that control of toxicity is a valid approach for protect- 
exceeds the available effluent dilution. This obiwive was achieved ing ambient water quality. 
by the studies. 

In addition, other studies confirm that .effluent toxicity, when 
adequately related to ambient conditions, can give a ralid assess- 
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Figure 1-2. Comphrisonof Ambient Toxicity and Instream 

Impact-EPA Study [23,31-381 


Figure 1-3. Comparison of Effluent Toxicity of Receiving 

Water Impact Using Cen'odaphnia Chronic Toxicity Tests and 


Freshwater Receiving Stream Benthic lnvertabrates at 43 

Point Source Discharging Sites in North Carolina [28] 


Figure 1-4.Comparison of Ambient Toxidty and lnstream 

impact-Trinity River [29] 


Figure 1-5; Comparison of Ambient Toxicity and lnstream 

Impact--EPA Study, Trinity River Study, and 


Kentucky Study [26] 


Figure 1-6. Comparison of Predictions of Receiving Water Toxicity B a d  on Effluent Toxicky and Ambient 

Receiving Water Testing in Saltwater Environmenu: 79 Ambient Stations 
-

an& Dischargers[24,25,39,40] 



ment of receiving water impact 13, 24, 2629, 39, 411. These does not pmduce a statistical point estimate. H-r, CVs can 
studies tested waters other than those studied under C m .  be cakulated for NOECs if they are determined using the IC 

statisticalpmcedm, and for EC and LC endpoints because t h q  
It is important to recognize that toxicity caused by contaminants are all statiStical point estimates. 
in the effluent, as measured bythe whok effluent toxikily tau,is 
onlv one of many influences that determine the health of a To facilitate the cornpanMlity between different NOEC calcula- 
bioiogical commu~ity. lmplct from toxlu would only be wr- tionsusing the I C x  ~ n d  the inrlysis of nMnce (hypothesis test. 
w e d  where Muen t  concentratiws after dilution are at or ing), Appodices A-1 and A-2 list NOEC muhr in terms of both. 
h o v e  the toxlclty effect concentrations. lnffuencesfmm sub lnromt instances the l C x  could not be calculated based on sta- 
strate dlnerences and physical conditions, such as dissolved oxy- tistical assumptions and availabk data. In addiion, there are 
gen, temperature, channelization, flooding and weather cyc& m e  inrtanceswhere an I C x  cannot kcalculated because there 
also can affect the biological community adversely. These other was no toxic effect. In these caw,the CV for a method and 
types of influences may be better evaluated by using a ~etoxicantwarcal~ulatedusingon~&tawhen?K~scooM 
bioassessment approach. However, the existence of these other be cakubted. 
factors concumntlv with toxicitv does not absolve a reaulatow 
authorityfrom conirolling the di&hargeof toxicity if the State his A more &tailed discussion of precision can be found in Box 1-5. 
established a designated use to protect aquatic biota. Tables 1-6 and 1-7 summarire the intralaboratory precision for all 

10 EPA short-term chronic whole effluent toxicity tests and some 
The value of the toxicity test is its ability to assess the impact of acute toxicity tests. In addition, Table 1-8 summarizes the 
discharged toxicants independent of effects from other factors. interlaboratory precision for three chronic tert species and two 
This allows regulatory authorities specifically to identify and con- acute test species using a variety of different compounds. 
trol the portion of the impact caused by thediicharge. Biological, 
physical, and chemical factors of the community can inffuence h summary, whok effluent toxicity testing methods can repre 
the actual effecb that effluent toxicity may cause in the receiving sent practical tests that estimate potential receiving water im- 
water, and further emphasize the need for a totally integrated pacts. Permit limltc that are developed correctly from whole 
water quality-based approach. effluent toxicity teNshould protect aquatic biota if the discharged 

effluent meets the limits. It is important not to confuse pcrmit 
limit variability with toxicity test variability. Chapter 5 discusses

1.9.3 rox1eny rmt MelWhrcIrlm permit limit variabilii. 
Like all measurements, toxicity t e a  exhibit variability. Toxicity 
test variability can be described in terms of two types of preci- 
sion--"within" or intralaboratory precision, and round robin or 
interlaboratow orecision. lntralaboratow recision is the abil'tv of 
trained laborithry personnel to obtain 'cbnsistent results repiat- An understandingof some basic considerations and toxicological 
edlv when wrformina the same test on the same swcies usina principks is imwrtant in order to a ~ ~ k  routinelv the whole 
thisame toxicant. lnkrlaboratory precision (or mund mbin t u g  &fluent approach tothe auerrment andcontrol of municipal and 
is a measure of how reproducible a method is when conducted by industrial effluents. Thefollowing seaions provide a more indepth 
a large number of laboratories using the same method, species, dixussionofeachoftkefactorsandpnnciples. (Chapters 3and 
and toxicant or effluent. Generally, intralaboratory results are les 5 d i i ~ s p e c i f i cdetails for characterizing an effluent and denv. 
variable than interlaboratory resuits. ing pennitlimitt) 

EPA believes that several toxicity test methods have a precision 
profile that can be reasonable toevaluatecompliance with NPDES mM D l l t l d r  l&m fO#/ag 
Permits. The ao~rooriateness of a aiven method can be deter- COmpahS of toxfcitv data belween teNconducted onsite and 
mlned in a permhi prkceeding or, in hrt,by rukmaking. EPA has tau 'conductea offsk on samples shipped to Environmental 
Prooosed a ranae of whole effluent toxkitv test o r d u r e s  in 40 ReKarch Labontow (ERL)-Duluth and (ERL)-Namaansen vla air- 
CFRI36 and miypromulgate these m*hdds  r&n. Current&@, freight have, with 6 f&exceptions, rho& liile ;ariation. For 
however, show that the precision profiles of a number of whok many effluents. onsite or offsite test data do not aDwar to be 
effluent toxicity tests is similar to already approved chernical- signfficantly dlnerent. The major consideration is c&t: Cost also 
specific methods. should kweighed against data m e d s  to make the onsiteloffsite . 

determination. 
Research into the precision of whok effluent toxiciy methods by 
various groups (including EPA) has shown that toxicity tat pmce- For example. if the wewnce in the efAuent of nonwrsistent 
dures exhibit variability 117-18, 19, 42491. In chronic toxicity compounds(i.e., chlohne or othervdatiles) is wspectedhr known, 
tests. variabilitv is measured dose to the limit of detection because then theheulatorv authority may want to conduct onsite testino. 
the ;ndpoint.of the test i s  already at the lower end of the H it is not ionsl& impdrtanito the analysis of toxic imp;. 
biological method de tdon  range (i.e., an NOEC). Thii is in dhite testing is as acceptable as onsite testing. In general, offsite 
contrast to acute toxicity tests where the test endpoint is normally testing would be acceptable for most effluents except those with 
calculated at midrange (i.e., LCSO), but is sometimes calculated at vdaikr. When conducting flow-through toxicity t& which 
the lower end of the biological detection range (he., LC11 CVs q u i r e  a continuously pumped sample, onsite testing is strongly 
cannot be calculated for NOEC endpoints determined using an recommended. Regardless, cost considerations should not over- 
analysis of variance (hypothesis testhg) because this procedure 
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Box 1-5. Toxicity Test M o d  Precision 

Precision can be described by the mean and relative standard deviation (percent coefficient of variation, or 
CV-standard devlation/munx 100)of thecakulatedendpdntsfmmthereplicatedtoxicity tests. Sonralfadorr 
can affect the precision of the test, including test organism age, condition, dw,temperature control, 
salinity, pH controi, handlingand feeding of the testorganisms, and the training of laboratorypwsonml. For 
these reasons, it i s  recommendedthat trained laboratory personnel carrfuUy conduct the tesb in strict accor-
dancewith theMmanualsfor acuteandchronictoxicity testing. Inaddition, acute andchronic toxicity testing 
qualityassurancepracticesshould befully petfomed. Simplequaliiarruranceprocedures, whichare described 
at thebeginningof each manual, includc: 

Singk laboratory precislon, determinations, using referencetoxicants, on each of the tests pmcedures to. 
determinethe ability of the laboratorypemnnelto obtain consistent precise results. There determinations 
should be made before attempUng to measure effluent toxicity, and routinely confirmed as long as routine 
whok effiuent toxkity are beingconducted;-

* Use of referencetoxicants to routineiy evaluatethe qualiky and sensitivity of the test organisms to be used in 
each test. 

Developmentof "control chartc" should be preparedfor each referencetoxicant/organismlpmtocol combi-
nation to determine I the resuib are within prescribed limitr. The control chart consiN of successive data 
added with each reference toxicant test, and is  the basis for evaluating data once the control chart" is 
established. 

The minimum criteria of test acceptabilityspecificfor each protocol. 

Guidelinesfor recommendedquality assurancepracticesare found in each manual [ I7.18. 191. 

Within-laboratory precisiondata are routinelycalculated on a minimumof two reference'toxicantsas part of the 
EPA methods development p ~ e r s .These data have been atablisked for each of the four EPA freshwater 
chronic methodsand each of the six marinelestuarine chronic methods. Wthin-laboratoryprecision is detailed 
at the end of each of the methodsKctionsin the methodsmanuals [I 7,18,19] and is summarizedin Appendix 
A (Tables A-1-1 to A-1-18 for the marinelestuarinemethods and Tables A-1-19 to A-1-31 for the freshwater 
rnethods) and summarized In Tables 1-6 and 1-7. intralaboratory precision data also are presentedfor acute 
toxicity tests and are summarized in Table 1-8. Each laboratory should be establishing a reference toxicant 
"record," including a control chart. EPA's referencetoxicant numbers are only meantto show precisionof the 
methods within €PA bboratories and to serve as guidance for other laboratories. Each laboratory's reference 
toxicant datawill reflect conditionsuniqueto that facility, includingdilutionwater, culturing, etc. However, each 
laboratory'sreference toxicant CVr should nflect good repatability. . 

The CVs may be calculatedfor acute LC50and chronic ECS0,ICzs, and l C s ~data. Ameanand range isgivenfor 
the chronic no observed effect concentration (NOEC) precision data because an NOEC is not a point estimate 
and is dependent on the tightnessof the concentrationintervalemployedinthe referencetoxicant t e e  (i.e., the 
closer the NOECconcentratbn rangethe moreprecisethetest is for the referencetoxicant). The closer the CV is 
to zero, the bener. However, CVs should only be comparedwith the same test pmtocollspeciestested against 
thesame referencetoxicant. Ertimatesof variability ( 0 s )  should only be appliedfor specific protocolsagainsta 
specific chemical using thesame concentrationintervals. 

Referencetoxicant data should be requiredfor each of themethodsstipulatedby the permit authorityas part of 
routine quality auurancelqualii control (QNQC)for checking the reliability of the tests conducted by the 
permittees. In addition, Criteria of Acceptabilii for each of the 10 chronic methods are listed in the methods 
manuals, and should be usedas acheck forwhether the compliancedata submittedis minimaliy acceptable [I8, 
191. (See Table 1 of each of the 4 hrshwatermethodsand Tabk 2 of eachof the10marimlestuarinemethods 
entitled, "Summary of RecommendedEffluentToxicity Test Conditions.") 

To date, interlaboratoryprecision(round robin) testshave been completedfor the ?dayFatheadMinnow Lar. 
val Survfval and Growth Test, the.Ciadoceran, Cnlodaphnb Survfval and Reproduction Test, and the 
Sheepshead Minnow bwa i  Survival and Gmwth Test. The results of thesemund robin studies show good 
repmduclbilityfor these threemethods. Resultsof the roundrobintestingwill show greatervariability (i.e., larger 
CVs) due to a larger number of variablesintroduced by many round robinlaboratoriesparticipating. Researchers 



Box 1-6. Toxicity Tea MethodPncision (continued) 

have found that a twp to threefold increase in I3values is acceptable with biological terting 146, 50, 511. 
Interlaboratory data also are presented from w r a l  acute toxicity tests 1461. The data from these round robin 
tests can be found in Append~x A (Tables A-1-5, A-1-23, A-1-24, A-1-27, A-1-28, and A-1-30) and are summarized 
in Table 1-8. 

Researchers agree that the precision of these tea is acceptable. Rue. Fava, and Crothe concluded that whole 
effluent toxicity test methods "are comparable to accepted analyijcal mthodologier" [SO]. Another study by 
Crothe, Kimerle, and Malloch also concluded that when comparing "...as for select effluent toxicity t a t  
methods and commonly accepted analytical methods. ..the precisimn of both techniques is similar" [51]. This has 
led the Agency to conclude "...that toxicity test methods, where properly followed, uhlbi i  an acceptable range 
of variabilil)" (seethe discussion of toxicity testing requirements for POlWs, 55 FR 30082 at 301 12, luly 24,1990) 
1521. 

ride the need to characterize adequately a given effluent and the 
factors unique to the discharge situation. -

Flolr-fhW#h Varur Md rdE& IWng 
Several factors should be considered in making the choice of 
toxicitv test svstem. These include the M e  of toxicitv beina 
measired (i.;, is the'effluent highly variabie or not is h e  dic 
charge continuous or intermittent?); the amount of data needed 
(variable effluents may require more data); and, as between diier- 
ent svstems that will provide adequate data, expense. 

Two basic types of testing systems are available to measure efflu- 
ent toxicity: flow-through syrtems and static systems. A 4ow- 
through toxicity test is conducted using a diluter system and a 
continuous feed of effluent and dilution water. A static toxicitv 
test is conducted in test chambers (without a serial diluter delivery 
system) into which effluent and diluent are added manually. 
Usually, only one effluent sample is collected and used at the 
beginning of a static test. A vanation of the static procedure is the 
renewal toxicity test. This test uses the same delivery system as 
that of a static test but the test solutions are chanaed, orrenewed, 
on a predetermined schedule (i.e., every 24 hour;). Fmh effluent 
samples aenerally are collected to renew the test rolutions. . -
Online continuous flow-through testing can sample and measure 
"peaks" of toxicity should they occur during the testing period. In 
variable effluents, however, the test organisms would only be 
exwsed to wak toxicitv for wriods orowRional to the flow-
t h k g h  rate, the duration of ihe pesk' in'toxicity and length of 
the test. Static and static renewal tests also can measure peaks in 
f luent toxicity depending on the type of sampling used, and if 
the samplina occurs at the time of the toxicity peak. . - . . 

H the effluent is highly variable and continuoush, discharged, 
either a flow-througho; renewal test would be appmpriate. Kthe 
f luent is highly variable with an intermittent discharge, a Row-
through or a r k 1test also would be appropriate.-However, 
the effluent sample collected for the renewal test should be a 
composite collected a n r  the period of the discharge. H the 
effluent is not considered variable, such as a discharge from a 30. 
day retention basin, then a static or renewal test urhg a grab or 

24-hour composite sampk would be an appropriate test system. 
For a chronic toxicity test a 24-hour composite effluent sample i s  
most appropriate. For an acute test, four grab samples taken 6 
hours apart or four &hour composite samples are most appropri- 
ate to measure the m k s  of toxicitv in an effluent. 

Cost also is a factor. Flow-thmuah tests are more resource 
intensive and require complex deliwry systems. Consequently, 
less data can be generated per unit cost than with -tic or 
renewal testing. Where more data at less cost are desirable, static 
or renewal testing probably is more appmpriate. Typically, more 
samples using re&al is ljreferable to f&r sampiis using flow- 
through for the same total cost since this would allow better 
charactefization of effluent variability. 

-mIM--9apIM 
The use of a arab sample or a comwsite sam~le is based u w n  the 
o b i m s  of the tesi and an under~ tand i~~  of the long-term 
operations and schedules of the discharger. Ifthe toxicity of the 
eftiuent is variable, grab samples collected during the peaks of 
effluent toxicity provide a measure of maximum toxic effect. 
Colkction of sampks may be necessary if there is l i i  
dispenion or mixing of the effluent in the receivina water. In 
there instances the-peak could persist in the recgving water. 
Although a grab sampk has the potential of revealing the toxicity 
peak in an effluent the sample has to be collected at the time of 
the toxicity spike. Therefore, in a variable effluent, the grab 
t a m ~ khasa hioh mbabilitv of missino the toxicitv wak. On the 
o&r hand, a22-hour c o m ~ ~ i t e ~ l e  may morereadily catch 
the toxicity peak(s), but the wmpositing process may tend to 
dilute the toxicity resulting in a misleading measure of the maxi- 
mum toxicity of the f l u e n t  Comporited sam~ks are, therefore, 
more appropriate for chronic &where pcdk toxicity of short 
duration is of lesser concern. Morr detailed discussions of the 
type of toxicity testsand the krtrampllng methods are provided 
in the manuals for the acute and chronic, freshwater and marine 
toxici i  twin9 procedures 11 7,18, 191 and inChapter 3. 

-I& 
There are three important sources of differences in a water quality 
impact anaws: 
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Table 16. lntnlabontay Precisionof Chmnk Whde Efffuent Toxiclly Test Methods 

Test NOEC Mean Mean Water 

Method Range ~CZS a(%) Ic50 cv(%) Compound Ured 


Cprincdan wiqatus-Sulvival and Cmdh 

>0.05 - 0.05 mgll 0.07 41.8 0.1 3 40.8 COPY AS 
0.5 - 1.O mglll 1.5 31.4 1.9 31.8 SDS AS 
31 - 1zs ug112 300.4 33.0 396.9 19.2 Copper NS 
1.3 - 2.5 mgA1 2.2 27.6 2.6 35.3 SDS NS 

Embryo larval survival and tentogenicily 

ECl0 	 ECso 
200 - 240 ugl12 202 2.8 233.5 2.5 Copper AS 
2.0 - 4.0 mglll 1.9 35 11.7 2.9 SDS AS I 

Menidia beryllina -Survival and Growth 

31 - 125 ugllZ 209.9 43.7 340.8 50.7 Copper NS 

1.3+0mgll 1.3 43.2 1.9 9.4 SDS NS 


Myridopsis hhio -Survival, Growth, and Fecundity 
4.3 - 5.0 m 9114 5.7 35.0 6.9 47.8 SDS NS 
63 - 125 ugll 138.3 18.0 185.8 5.8 Copper NS 

Arbac~apunctulata -fertilization 
5.0 - 12.5 uglll 23.5 54.6 45.7 47.9 Copper AS 
1.2 - 3.3 mg/ll 1.7 29.7 2.4 23.3 SDS AS 
4 .1  - 24.4 uglP 22.9 41.9 29.9 48.2 Copper NS 
0.9 - 1.8 mglll 2.58 28.7 3.2 33.3 SDS NS 

Chomp~o parvula- Reproduction 
0.5 - 1.0 ugA1 1.79 61 .09 3.35 34.5 copper NS 
0.5 - 1.O ug/ll 0.93 63 1.4 38.6 Copper ASINS 
0.09 - 0.48 mg1I2 0.31 69.0 0.36 37.0 SDS ASINS 
0.15 - 0.60 mg/12 0.46 62.3 0.75 22.92 SDS NS 

Pnnepholes pmmelas- 	 Survival & Cravch 

128 - 256 uglll 5 - -5 - WC@ FW 

0.01 1 - 0.01 3 mglll - 3 - Cadmium MI 

Embryo larval survival and teratogenicily 	 LC1 
0.01 1 - 0.01 3 mgll - - 0.0068 62 Cadmium MI 
0.01 1 - 0.01 3 mgll - - 1.51 41.3 Diqwt M/ 

CeMophnio dubio -Reproduction 
0.10 - 0.30 mglll 0.22 41.1 3 0.3 27.9 NAFCP NV 
0.25 - 1.00 mgll 0.91 20.5 1.24 15.2 Sodium 

Chloride 

Selenost~mcopricomutum-96-hour Survival 	 LC50 
2.1 - 2.8 glr' - - 2.4 10.2 Sodium FW 

chloride 

l ~ i U m n ~ ~01. 01 test concmwaUon. 	 S-kWdaIwmn. 
2 D i U ~ n ~ e  	 Ns-rawRI w ~ t e r .of nw test conccnw~Uonr. 
3kdium d  m sunate. W-4rehmtn. 
'OWncnce ol lour tm concmmtimr. -: D.11Kit mlbble. 

dam wre unavaliable, so IC2s and lCs0 rould not h ukuhted. NW: Data used in this OMc arc found in m d i x  A.1: 
6sodlumpnmchlwophcnol. 



Table 1-7. Intralaboratory Precision of Acute Whole EMuent Toxicity Test Methods 

N (number of tests) CV(%) compound 

Pimphales pmmelaP 

(9bhour) 
86 Cadmium 

Daphnio pukf l  

Cadmium 

( 
(48-hour) ;; ;;a M C P  1(D~~~~~~m a n  
(48-ho~r) 

Cadmium 

.Data taken fmm Draft 1990k u t r  Manual. 

Table 18. Summary of lnteriaboratory Variability Data for Whole Effluent Toxldty Test Methods 117, 18, 19,461 

I Test Method 	 NOEC Range IC25 a(%)' I 
Chronic 
1. 	Cyprinodon wriegatus 


7-day growth and survival 1 - 3.2% effluent2 44.2 

2. 	 Pimphales pmmelas 

7-day growth and survival 	 <3.0 - 6.0 mg112 31.O 

potassium chromate 


3. 	 Ceriodophnia dubia 
7-day reproduction 	 0.25 - 0.30 mgll 41.1 , 


NAPCP~ 


4. 	 Ceriodaphnia dubio 
7-day reproduction 6 - 12% efnuent2 - -

5. 	 Ceriodaphnio dubia 
7-day reproduction 	 <0.25 - 1.O mgll 29.0 


sodium chloride 

6. 	 Ceriodophnio dubia 0.25-1.0 mgll 20.5 


7-day reproduction sodium chloride 


k u t e  Toxkant 	 LCso a (%)  

7. 	 Cyprinadon variegatus 
96-hour static endorutfan 37.7 
96-hour flow-through endorutfan 46.2 
96hour static silver nitrate 34.6 
96-hour flow-through s i k r  nitrate 50.1 

8. 	 Mysidopsis bohia 
96-hour static endosutfan 59.5 
96-hour flow-through endosulfan 51.9 
96hour static silver nitrate 26.6 

- 96hour flow-through silver nitrate 	 22.3 

l~~--codfidmlof vatiation. 

lThir reprerenua dfflcrcnceof o n  cxpoturcconcenmwn. 

3~~PCF-S&im pnuchlomphenol. 

-: Dam unavailable. 

Note: Data lummarilcd inthis table n n t a k e n  horn Wndix A-1 




Effluent varlablllty is caused by changes in the composi- were rarelytoxic below 10percent effect.concentrationand were 
tion of the effluent.Virtually all effluents vary in composi- :lot toxic below 0.1 percent effect concentration. This informa-
tion over time. tion is discussed in Cha~ter3, Recommendationsfor Testina the 

.Exnosurevarlabllih, is caused bv chanaes in flow rates of 
bdth effluentand &eiving water. ~ h & ealso are variable 
receivina water mrametm that mav be indemndent of 
flow, such as backgroundtoxicant le&ls, pH, saiinity, tides, 
suspended solids, hardness, dissolved oxygen, and tem-
perature, that can be important in assessi$mpact. 

Species sensltMty differences are caused by the differ-
ences in response to toxicants betmen species. 

Each type of variabiiity is discussed below. 

. Elllwat VukbII t fy 
Effluentvariabilitv is an imwrtant comoonent in overallvariabiiih, 
i f  water qua~ity'im~act;nalyses and should be addressed ad-
eauatelv in oermittina (see ChaDter 5. Permit Reauirements). 
Effluentvaridbility cahbe addre id  by designing proper ram-
~ l i n aand testina ~rocedures.Samplina measurements should be 
idilok to the &ic effectof concern c.e., acute or chronic) and 
the need to design testlng that accounts for effluent variability. 
Chapter 3, Effluent characterization, describes recommendatio"~ 
for a testing frequency designed to assess variable effluents. Ap-
pendix F details suggested sampling procedures. 

Appendix A-2 demonstrates the types of effluent variabiiity that 
may be seen in publiclyowned treatment work (PO1W) effluents 
as measured through toxicity testing of the effluents (seeAppen-
dix A-2, Tables A-2-1 to A-2-9). The CVs (effluent variability) for 
POSWeffluentsarebasedon acute LC~odatathat rangefrom19.6 
wrcentto42 wrcent effluent andfor IC7cchronic data that ranae 
;om 52.8 to 101.3 percent. &-in Appendix A-2, ~abies 
A.2-10 to A-2-12 show acute and short-term chronic effluent 
variability data from oil refineries on three species, fathead min-
nows. Ceriodo~hnio,and mysids. The CVs associated with this 
effluentvariabjlity data rang; from 18.7 percentto 54 percentfor. 
the acute LC50 data, and from 29.8 percent to 59.6 percent for 
the chronic ~ O E Cdata. Data on effluent variabilitv in various~ ~ ~ ~ ~ ~ - -~~ ~ 

types of manufacturing facilities are'in Appendix A-2,'~ablesA-2-
13 to A-2-18. Acute toxicity test results show CVs for effluent 
variability rangingfrom 20.3 percent to A3.9 percent. 

Tables A-2-6 to A-2-9 in Appendix A-2 illustrate the effluent 
variability of a POW effluent over the course of a year in which 
gradual upgrading to full secondary treatment 'was occurring. 
Four saltwater short-term chronic toxicity tests were conducted 
on the POW'S effluent usina the sea urchin fertilization test 
(Ahvciopuncluiato), the red microalga fertilization test (Champi. 
porvulo), the mysid 7-day growth, fecundity and survival test 
(Myridopsis bahia), and the inland silverside 7-day larval growth 
and survival test (Menidia berviiino). The sea urchin and red 

Toxicity of Effluentsseciion. 
--Vr *b l t f y  

Exposurevariability is a complex factor that can be addressed in 
two ways. First, the simplest, easiest applied approach is to 
assume a steady state exposure condition(usually an estimate of 
presumed "worst case" exposure) using a critical receivingwater 
flow or conditionand a typical effluent flow. 

A second method is to attempt to estimate or actually measure 
the variable exposure situation at the discharge site. This requires 
statisticalanalysis and some form of dynamic modeling. Chapter 
4, Exposure and Wasteload Allocation, describes appropriate ex-
posure assessment procedures for freshwater and saltwater sys-
tems. 

One of the primaryconsiderations in establishing a toxicity testing 
requirement for a discharger is requiring a suitable test species. 
Different species exhibit different sensitivitiesto toxicants. Often, 
differences of several orders of maanitude exist for a aiven indi-
vidual toxicant between the least s~nsitiveand the m&t sensitive 
species. This ranae varies areatly and can be narrow or wide 
depending on the~"dividuaitoxi&nt involved. 

Since the measured toxicity of an effluent will be caused by 
unknown toxic constituents, the relative sensitivities of various 
test swcies also will be unknown, Therefore. orowr effluent. .  ,
toxicity analysis requires an assessment of a range of sensitivities 
of differenttest s~eciesto that effluent. A knowledoeof the ranae 
is necessary so h a t  the regulator) authority can protect aquaic 
organisms. The only way to assess the range of sensitivities is to 
test a number of different speciesfrom different taxonomic groups, 
as in the development of the national ambient water quality. . 
criteria. 

To ~rovfdesufflclent information for maklna wrmlttino decl-
siok, EPA recommendsa minimum numbe; bf three &des, 
represe~~tingthree different phyla (e.g., a fish, an lnverte-
brate, and a plant) be used to  test an effluent for toxicity. 
However, in some cases, the optimum number of species mav be 
fewer or more depending upon such factors as how thoroughly 
the effluent has been characterized, the available receivina water 
dilution, the use classification and exising uses of the receiving 
water, as well as other special considerations. For example, if an 
effluent has been characterized as hiahlv consistent. with little- ,
chance of variation due to batch processes, changes in raw mate-
rials or changes in treatment efficiency, then the use of the two 
most sensitive species, or even the one most sensitive species, 
may be appropriateas determinedon a case-bv-case basis.. .  . 

macroalga tests were conduct& daily during each of the four 7-
day studies, and provide aood examples of the daily variability of Since whole effluentsare complex mixtures of toxrants, aenerali. 
the effluent. . 

-
zations about sensitive and nonsensitive species are diificult to 
make. For example, one generalization is that trout are conid-

These resllts show that the effluents vary in toxicity and that any ered sensitive organisms requiring high-quality water. However, 
one effluent can exhibit significantly varying toxicity to different this generalization may not apply in all cases; trout are wry 
test species over time. The data also indicate that the effluents sensitive to oxygen depletion but may be relatively insensitive to 



certain toxicants. Another species, Daphnio magno, is very sensi-
tive when exposed to many toxicants, but relatively insensitive 
when exposu;ed to the pesticide endrin. Bluegills are very resis-
tant to metals, particularly copper. Conversely, biuegilis are a 
sensitive test species for organophosphate pesticides 

Figures 1-7to 1.9 show the differences in species sensitivities to 
hexavalent chromium, dieldrin, and an effluent from a POTW, 
reswtiveiv 1531.The wide range between sensitivities for the. , .  . 
different test species i s  shown. comparing the figures shows that 

the fish. invenebrates, and algae sh6l relat~vesensitivities l o  the 

effluen&/toxicants. The fish are less sensitive to chromium but 

more sensitive to dieldrin. For the cladocerans, the reverseis true. 

The results of whole effluent tests usina five marinelestuarine
...- ...- -


short-term chronic test methods also inzcate that no species or 

test method is ahvavl the most sensitive. In a total of 13 effluents
.... 

tested onsite, Chompio parvulo was the most sensitive in 15 per-

cent, Arbocio punctulaloin 54 percent, mysids in 31 percent and 

fish in 15 percent of the cases [241. 


Analysr of species sensitivity ranges found in the nationalambient 

water aualqtv criteria [I,21 indicatesthat if tests are conducted on
. , 
three pandcuiar speclis (Dophnlo mogna, P,rnepholespromelos, and 
Lewm,s mocr~htrus),the most sensitwe of the three will have an 
LCso within one order of magnitude of the most sensitive of all 
species tested [54].This was found to be true for 71 of the 73 
priority pollutants tested with four or more species. 

Sometimer. reaulatow aaencies require testing on representative~ ~ 

resident specie; unde; t c  assumpt~onthat suih tesG are needed 
to assess impact to local biota. EPA considers it unnecessary to 
test resident species since standard test species have been shown 
to represent the sensitive range of all ecosystems analyzed [541. 
Resident species toxicity testing is strongly discouraged unless it is 
required by Statestatuteor some other legally bindingfactor, or it 
ha; been determinedthat a unique resident species would be far 
more protective of the receiving water than the EPA surrogate 
swcies. The use of other representative species should be sub-
~ r - ~~~ 

jected to strict quality assur&ce and control procedures 
and should follow rigorous test methodologies that are at least 
equivalent to EPA methods. Quality assurance procedures should 
account for the use of the same species, the same life stage and 
age of individuals, acclimation periods to avoid mortality due to 
collection, seasonalvariations in populations, habitatrequirements, 
health of the species cultured,' a i  well as the use of reference 
toxicant tests and other standard procedures. To use a mident 
oroanirm. a facilitv would have to develo~a protocol to culture-. 	 . . 
the organism and to sssess intra- and interlaboratory variability. 
Such testing is more costly, moredifficult, and potentially subject 
to more variability (disease, age, etc.) than standardiued testing. 
Inanv case, oraanisms collected directly from the receiving water 
ikself.shoulb Gver be used because ;xisting impairment may 
mask any toxicity. 

l~- to.chronIcM I 0  
The acute-toxhronic ratio (ACR) expresses the relationship be-
ween the concentratton of whole effluent toxicity or a toxicant 
causing acute toxicity to a species (expressed as an acute toxicity 
endpoint such as an LCso) and the concentrationof whole efflu-
em toxicity or a toxicant causing chronic toxicity to the same 
species (expressed as a chronic toxicity endpoint such as an 

Flgure 1-7. Log of LCms of Freshwater Specks Exposedt o  

Hexavalent Chromium 


Q.O 	 -2.0 -1.0 0.0 


Log LCs0in mpll 


Figure IS.Log of LCMS of Freshwater Species Exposed 
to Dieldrin 

I 
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Figure 1-9. Log of LCms of Freshwater and Salwater 
Species Exposed to  a POTW Effluent 

NOEC or its equivalent, i.e., ACR=ATE/CTE or LCSO/NOEC). An 
ACR is commonly used to extrapolate to a "chronic toxic iv 
concentration usina exwsure considerationsand available acute 
toxicity data whenihronic toxicity data for the species, chemical. 
or efRuent of concern are unavailable. The ACR should be greater 
than one, since the ratio compares an acute effect conceniration 
with a chronic effect concentration. 

This parameter can be a source of uncertainty in predictingwater 
quality becausethe ACR varies for a ghnimpact between species 
chemical and, for any one species, #ifferentbeween 
~h~ bae isa reason effluentthe ACRfor a complex may not 
ka  negardleu of this facedwith aden 
limit&amount of chronic toxicity authoritydata, the ngulatory 



must apply some ACR to an effluent or chemical (or decide to 
collect more data) when converting warte!md allocations to 
common terms In the permit limit derivation process described In 
Chapw 5. 

The ACR also may be used in developing chronic toxicity limitr 
where chronic toxicity is not measured directly, inorder to mini- 
mize testing costs, Likewise, if the toxicity is for the m s t  paR 
manifested In repmduction, gmwth, etc. (i.e., nonlethal) end- 
points, an acute test may not be appropriate for compliince 
monitoring. Where acute and chronic toxlcly data are avail- 
able, the ACR should be calculated dlrrdly for that sp&flc 
effluent. 

Data on acute and chronic toxicity for complex effluents from 
different cateaories of discharaers 0.e.. POTWs, oil refincries, and 
chemical ma&facturers) sh&tha<~~Rs for &ole d~uentsrange 
from <1.0 to ~50.0, with the majority of ACB falling below 20 
(see Appendix A-3). Acute to chioni; ratios for oil &hery data 

. 	 from one plant. based on three species ranged from 1.49 to 
>10.0. Acute to chronic ratios for a variety of chemical manufac- 
turers, based on data from two species ranged from 4 . 0  to 
>50.0. Acute to chronic ratios for POWs based on two species 
ranged from 1.4 to 16.1 (these data can be found in Appendix A-
3). Interestingly, this range of ACRs virtually is identical to ACRs 
generated on a number of wastewater dischargers in the State of 
Sao Paulo, Brazil (Appendix A-3, Tables A-3-1 and A-3-2). Al-
though the acute and chronic toxicities measured in Brazil were 
proportionally higher (more toxic) than those measured in the 
United States, the ACB were quite similar (Appendix A-3, Tables 
A-3-1 to A-3-3). 

EPA recommends that regulatory authorities use a measured 
ACR. In the absence of data to develop an ACR, EPA's data 
suggests that an ACR of 10 could be used (see Appendix A-3). 
This represents the upper 90th percentile of all the ACR data in 
Appendix A.3. Given the protective margin of safety inherent 
with the use of a critical flow for the calculation of a chronic 
receiving water waste concentration, an ACR of 10 should provide 
ample protection against chronic instream impacts. 

1.4 	 BlOLOOlCAL CRITERIA/BIOmESSMENT AND 
BIOSURVEY APPROACH FOR AOUATIC LIFE 
PRmCTloN 

As Illustrated In Fiaure 1-10, ecological lnteg& Is attainable 
when chemical, phj?ical, and biologlul lntnlriiy occur simul- 
taneously [SS]. Biological lntwrify is a good indicator of ovmall. ~ .  
ecological integrity ofaquatic indron&nts because it can pro- 
vide both a meaningful goal and a useful measure of environmen-
tal status that relateidi&ly tothe overall integrityof the Nation's 
waters. To better protect the biological integrity of quatic 
communltles, EPA recommends that States bealn to  develop 
and lmplem;nt biological criteria Intheir wate-r quality st&-
dards. Biolwical criteria, or "biocriteria." are numerical values or 
narrative stacments that describe the reference biological integ- 
rity of aquatic communities inhabiting waters of a given desig- 
nated aquatic life use. When formally adopted into State stan- 
dards, biological criteria and aquatic life use designations serve as 

Figure 1-10. The Elements of Ecologlcd Integrity 

direct, legal endpoints for determining aquatic life use 
nonattainment. Per %ion 131.1 1 (bX2) of the Water Quality 
Standards Regulation (40 CFR Part 131), biological critefiacan 
supplement existing chemical-specific criteria and provide an al- 
ternative to chemical-specific criteria where wch criteria cannot 
be established. Biological criteria quantitatively are developed by 
identifying unimpaired or least-impacted reference waters that 
operatioM~ty rep&nt best attainable conditions. Once candidate 
references are identifled, integrated biological surveys (biosurveys) 
are used to characterize the resident community. Because of the 
complexity of fully characterizing the biological integrity of an 
entire aauatic community, State standards should contain bio- 
logical ckeria that consGer various components (measures of 
st~ctureandlor function) of the larger aquatic community. 

When biological criteria are incorporated into water quality pro- 
grams, the biological integrity of surface waters may be directly 
evaluated and protected. Biological criteria also provide 'addi- 
tional bendits by requiring an evaluation of physical integrity and 
providing a monitoring tool to assess the effectiveness of current 
chemically based criteria. Table 1-9 summarizes how bioiogical 
criteria directly and indirectly protect the elements of ecological 
integrity [551. 

A biolwical assessment or "biisrerunent" is an evaluation of 
the bioiogical condition of a waterbody using biological sufveys 
and other direct measurements of resident biota in surface waters. 
A biological sufvey, or "biosuwey," consists of collecting, process- 
ins, and analyzing representative Portions of a resident asuatic 
c&munity to determine the community structure and fun&on. 
Biosurwyr and b iOa~~~~f I Ien ts  can be used directly to evaluate 
the overall biological integrity (structure andlor functional charac- 
teristics) of an aquatic community. Deviations fmm the biological 
integrity of an aquatic community can be measured directly using 
bioassessments and biosurveys only when the impacted commu- 



Table 1-9. Water Quality Prorrams That Incorporate Blologlul Criteria to  Protect 
Ekments of E c d w b l  Intcprft~ 

Indirectly Protects 
- --

Chemical Integrity 

Physical Integrity 

BiologicalIntegrity 

Chemical-specific criteria (toxiu) 
Whole effluent toxicity (toxiu) 

Criteria for conventionals 
(pH, tempature, dirrdved oxygen) 

Biocriteria(biota response in 
surface water) 

Biocriteria 
(Identification of 
impairment) 

Biocriteria 
(habitat evaluation) 

Chemicallwhole 
effluent testing (biota 
response in laboratory) 

nity is compared against a predetermined reference condition. 
Without proper quality controls (i.e., reference conditions), 
biosurveystend to underestimateimpairment. 

Biosurveys assess or detect the aggregate effect of impacts upon 
an aouatic communiw where discharaes are multide. comdex. 
and Gariable and whire point, nonpoint, and stomiwate; dis-
charges are all affecting the biologicalcondition of the receiving 
water. The resident community Integratesthe effects of multiple 
stresses and sources on numerous interactive biological compo-
nents over time. Because of this, biorurveyl nec&rily cannot 
measure the impacts of one particular effluent that is being 
discharged to the receiving water. Chemical-specific analyses of 
pollutants knownto Impact aquatic life and whole effluent toxic-
ity tests are predictive water quality assessment tools used to 
evaluate biological integrity. At the present time, biological sur-
veys and biological assessments cannot be used as predictive 
water quality assessment tools. 

Biosurveys provide a uxful monitor of both aggregate ecological 
impact and historical trends in the conditionof an aquatic ecosys-
tem. Biosuwevs can detect aouatic life imoacts that other avail-
able assessmeAt methods ma; miss, such bs impacts caused by 
~ollutantsthat are difficult to identilv chemicallv or characterize 

Identifyingwhere sitespecific criteria modifications may be 
neededeffectively to protecta waterbody. 

Improvinguse-attainabilitystudies. 

Awssina impacts of certain nonwint sources and, to-
gether A h  the chemical-specific and whole effluent toxic-
ity approaches, assist in controllingthem. 

Monitoringthe ecologicaleffectr of regulatory action taken 
under CWA Sections 401,402, and 301(h). 

Evaluatingthe effectivenessadd documentingthe receiving 
water biologicalbenefits of pollution controls. 

& b the casewith ail types of water quality monttonng programs. 
blouveyr shouldhlve ckrr data quallty o b i ~ k ,utdizeconsis-
tent laboratoryand feld methods, and include quality assurance 
and qualifycontrol. Biosurveysshould be tailored to the partcu-
lar type ofwaterbody beingk s e d  (e.g., wetland, lake, stream, 
river, or estuary) and shouldfocus on aquatic communitycompo-
nentsthat are representative of the laraer ecosvstem and thatare 

~oxicologically,and impactc from cimpkx or &anticipated ex- practicalto measure. Biosuweysshoulibecoipled routinelywith 
posum. Perhaps most importantly, biorulwyl candetect impam basic chemical and physical measurements and an objective 
caused by habitat degradationsuch as channelization, sedimen- evaluation of habitat quality. 
tation, and historical contamination that disrupt the interactive 
balance among community components. 

Biosurveydata should be applied towards: 

Refining use classificationsamong dierent types of aquatic 
systems and within a given type of use category. 

Defining and protecting existing aquatic life uses under 
State antidegradation policier as required by the water 
quality standards regulation. 

Classifyingoutstanding nationalresource waters. 

EPA's Office of Water and several State water quality programs 
haw developed techniques as guidance to support biosuweys 
and bioassessments [5662]. The techniques are an excellent 
supplementarytool to whole eftluent toxicity testing and chemt-
cal-specific techniques. However, it is important that biosuweys 
include sampling of as many species at different trophic levels as 
possibleto reveal accurately receivingwater community impacts. 

Excellentexamples of biowrveylbioasxssmentdata collectedand 
u x d  in concert with ambient or effluent toxicity test data a 4  the 
site studies described in Boxes 1-2 and 1-3. The toxicity test 
results and the ambient biosurvey data were based on the recom-
mendedminimumof threetrophic kveis(aflsh. invertebrate. and 
a plant) to give a good overall picture of what was happening in 



the receivingwater. Recommended methodologiesfor conduct- • Treatment systems are more easily designed to meet 
ing biosurveysare included in References56 through 62. chemical requirements because more treatability data are 

available. 

More information is available on the fate of a pollutant in 
1.5 INTEGRATION OF THE WHOLE EFFLUENT, rrceiving waters so that the pollutant fate can be conve 

CHEMICAL-SPECIFIC, AND BIOASSESSMEIT niently predicted thmugh modeling. Persistenceand deg. 

APPmMcm radation can be factored into the evaluation. 

Section lOl(a) of the CWA states: T h e  objectbeof this Act is to 
restore and maintainthe chemical, p h ~ i c a land biological integ-
rity of the Nation's waters." Taken together, chemical, physical, 
and biological integrity define the overall ecological integrity of 
an aquatic ecosystem. Regulatory agencies should strive to fulb 
integrate all three approaches since each has its respective capa-
bilities and limitations. Table 1-10 shows EPA guidance, State 
implementation, and State application of each approach 1551. 
The information summarized in Box 1-6, and discussed in detail 
below, explains how each approach complementsthe other and 
why no one of the approaches should be'used alone. 

Chemicalanalysesare sometimes less expensive than toxic-
ity testing and biological surveys, if there are only a few 
toxicants present. This is more pertinent if only chlorine 
and ammonia are present inan effluent or ambient water. 

This approach allows prediction of ecological impacts be-
fore they occur, NPDES permit limits can therefore be 
developed beforean actual ecological impactoccurs. 

The principal limitationsof the chemical-specificapproach are: 

All toxicants in complex wastewaters are not known and. 

A more detailed discussion of the capabilities and limitations of therefore, control requirements for all toxicants cannot be 
set. Toxicological information on these unknown pollut-

the three approaches is provided below. ants is often unavailable. 

1 . 1  W I I f i I S  &ld h#8thS  at f& ~ c I I ~ I ~ ~ ~The bioavailability of the toxicants at the discharge site are 
AapmrWh typically not assessed, and the interactions betmen toxl-.. 

The principalcapabilitiesof the chemical-specific approach are: 
cants (e.g., additivity, antagonism) are not measured or 
accountedfor. Ar a result, the controls may be either under 
protectiveor overly protective..At present, protectionof humanhealthonly can beachieved 

by control of specific chemicals. Direct biological receivingwater impact and imvairment is 

A more complete understanding is availableon the toxicol- not typically measured. -There is no way to ascertain di-
rectiy if the chemical controls adequately are protecting

ogy of specific chemicals. EPA acute ambient water quality aquatic life.
criteria are based on protecting up to a minimum of eight 
differentorganisms includingfish, invertebrates, and plants; 
a minimumof three organisms are used to developchronic 

Complete measurement of all individual toxicants, particu-
larly where many are present in the mixture, can be expen-

criteria. Considerable information is availableinthe scien-. 
tific literatureon toxiciv caused by specific chemicals. sive. Organic chemicals, in particular, can be costly to 

measure. 

Table 1-10. Process for Implementationof Water Quality Standards 

I Criteria 
- -

EPA Guidance State lmpkmentation State Application I 
Chemical-Specific Pollutant-speclfc State Standards Permit limitsmonitoring 

numeric criteh -use designation Best management practices 
-numeric criteria Wasteload allocations 
-antidegradation 

Nanative "Free Fmms" Whole effluent toxicity Water Quality Nanative Permit limits monitoring 
guidance -no toxic amounts translator Wasteload allocation 

Best managementpracticer 

Biological Biosurvey minimum State Standards Permit conditions monitoring 
requirementguidance -refined use Best managementpractices 

-nanative/numericcriteria Wasteload allocation 
-antidegradation 



BOX 18. Components of an integratedApproach to Water Quality-k.ed Toxlca Control 

Control Approach Clp.bilitics Urnltations 

Chemical-Specific -Human healthprotection -Does not confider all toxicr present 
Sompkte toxicology -8ioavailabilitynot measured 
-Straightlorwardtreatability -Interactions of mixtures (e.g., a d d i w )  
-Fate undmtood unaccountedfor 
-less expensivetesting if only -Complete testing can be expensive 
a few toxicants are present -Direct biologicalimpairment not 

-Prevents impacts measured 

Whole effluent toxicity -Aggregatetoxicity -No direct human health protection 
-Unknowntoxicants addressed -Incomplete toxicology 
-8loavailabiliimeasured ( f m  species may be tested) 
-Accurate toxicology -No direct treatment 
-Prevents impacts -No persistencyor sediment coverage 

-Conditions in ambient may be different 
-Incompleteknowledge of causative 
toxicant 

Bioassessments -Measuresactual receiving -Criticalflow effects not always assessed 
water effwtr -Difficult to interpret impacts 

-Historical trend analysis -Cause of impact not identified 
-Assess quality above standards -No differentiationof sources 
-Total effect of all sources, -Impact has already occurred 
including unknown sources -No direct humanhealth protection 

1.6.2 CrprbIIItIm and UmltrtIm of the Wale Etiluant -
The principalcapabilitiesof whole effluent techniqwsare: .The aggregate toxicity of ail constituents in a complex 

effluent is measured, and toxic effect can be limited by 
limitingone parameter--whole effluent toxicity. 

Toxicity caused by ccpmpoundscommonly'not analyzedfor 
in chemical tests is detected. Control of the toxicant(s) is 
not dependent upon established toxicoiogical information 
that may not yet be availablefor some pollutants. 

The biowailability of the toxic constitwnts is assessed, and 
the effem of interactions of constituents are measured. 
Additivity, synergism, andantagonismktwemcornpwnds 
in an effluent are a d d r e d  implicitly by whok effluent 
toxicity. 

The toxiciv of the effluentor ambient water is measured 
directly for the speciestested. 

This approach allows'pdction of ecological impacts be-
fore they occur. NPDES permit limits can therefore be 
developed beforean actualecological impact occurs. 

The principal limitations of whole effluent techniquesare: 

The approachonly measumandcontrols toxicityto aquatic 
organisms. It does not protect human health from upo-

surer through ingestion of fish. This is particularly impor-
tant for carcinogens. 

EPA's water quality criteria are based on a minimum of 
eightdifferent species for the acute criteria and three dffer-
e<t species for the chronic criteria. Efiluentaquatic toxicity 
commonly i s  measured with only one, two, or t h m  s p r  
cies. For some toxicants a wider sensitivity range (more 
species) must be tested; particularly where the mode of 
toxicity action is specific (such as diazinon or some other 
pesticides). 

There is less knowledgeon designingor manipulatingtreat-
ment systems to treat the parameter toxicity. Investigate 
tools lor identifying cauacw toxicants o$ have &n 
recentlydevelopedand may not easily identily all causative 
toxicants. &a result, i d e n h t i o nand pmpe~controlmay 
be diicult and expensive. 

The whole effluenttoxicity test directly measum only the 
immediate bioavailabilityof a toxicant it cannot measure 
the persistence "downstream" and long-term cumulative 
toxicity of a compound. Thus, bioaccumulatiwchemicals 
ncce&rily are not assessedor limited. Toxicants can accu-
mulate in sediment to tox~cconcentrationsover a period of 
time. 

Where there are chcmicall~hvsicalconditions oresent (OH 
changes, hardnesschanges,~ischanges, saiiky changes, 
photolysis, etc.) that act on toxicants in such a way as to 



"rekaw" toxicity away from the discharge point. such tox- stream. Cauus of biological impairment may not be as. 
icily may not be measured in the effluent. The opposite of signed readily to any one discharger. 
thi; alGis possible; toxicity may degrade rapidly thm is 

- . 

no trace of it away from the point of dircharge. For Bloassessments identify water quaiity problems after they 
examole. the actual OH and tem~eraturein an ambient have occumd: thev cumntb are not oredictive of water. , 
wate; may be suffickntiy low to' preclude toxicity fmm quality pmblems. By design,'bioassessrkents are limited in 
ammonia whereas the hiaher pH and tempnature of the their abilitv to identtfvwaters that are not imwired. 
toxicity test may induce t&lciG from ammonia. . It Is not alwavs clear which comoound or mixture of com-
pound; i s  &sing toxlcity in &e mixture. The causative 
toxicant may be difficult to identtlyfor control. 

1.53 &pbIIIIlllrr and llmlt8tlorr of the E l m a t  -
The principalcapabilities of the bioassessment approach are: 

Biological communities reflect overall ecological integrity. 
Biosuwey results therefore directly assess the status of a 
waterbody. The status of a waterbody's biological health 
may be of direct interest and more meaningful as a mea-
sure of a pollution-freeenvironment. 

Biological communities integrate the effects of different 
pollutant stresson and thus provide a holistic measure of 
their aggregate impact. Biological arwments also mea-
sure stresses over long time periods and can measure his-
torical trends and fluctuating environmental conditions. 

Biosuweys can identify previously unknown sources of im-
pairment and may identify where site-specific chemical 

.The approach only measures biological impairments to 
aquatic organisms. Itdoes not protect human health from 
exposuresthrough ingestionof fish. 

By using all three appmaches, a State will more thoroughly pro-
tect aauatic life. The chemical-smcific aooroach orovides a hiah 
accura& of analysis of the indi idwl chimica1 constituents, L s  
been used by regulatory agencies, and is generally lowest in cost 
becauseof marketavailability. However, the level of protection of 
thechemical-rpecificapproach can be low W toxicantsare premt  
in an f l uen t  for which no chemical-specific criteria exists. In 
addition, some States have adoptedvery few criteria as a par( of 
their water oualilv standards. On the other hand. whole effluent 
toxicity pr&dela high level of protection by'measuring the 
aaarwate effectof all toxicants. It Providesaccurate toxicoioav.-- -
but it can be higher in cost and ha; been historically less wid& 
u s 4  by mulatory authorities. Bioassessments also ~rovidea 
coverage ~man~b io log ica limpacts and allow for ac;urate his-
torical trend analyses. However, bioassessments cost more and 
data interpretation can be difficult. Therefore, the integrated 
approach to water quality-based toxics control is essential for a 
string toxics control program. 

To more fullv orotect aauatic habitats and orovide more comore 
criteria are needed: Bioassessmen~canbiusefui in charac- hensive a & m e n t s  of aquatic i~feuse nonattainment, €PA k c -
terizing ecological impacts to a waterbody in multiple dir- ommends that States fully Integrate chemlcal.spec~c,whole 

Bioassessments can characterize the ecological value of 
ambient waters that are in attainment of the standards. As 
such, bioassessments provide a means to determine com-
pliance with State antldegradation requirements in stan-
dards. 

The principal limitationsof the bioaswssment approach are: 

Bioassessments conducted at critical low Row conditions 
may be difficult to accomplish. 

Biosuwev data cannot fully characterire impairment until 

effluent, and bioassessmentapproaches into their water quai-
ity-basedtoxics contml programs. itb EPA's position that the 
concept of "independent application" be applied to  water 
quality-based situations. Since each method has unique as 
well as overlapping attributes, sensitivities, and pmgram a p  
plicatlons, n o  single approachfor detecting Impact should be 
considered unifomr?.superb to  any other approach. For 
example, the lnabllityto detect receivingwater impacts using 
a b l o w m y  alone Is InsufRcIent evidence to  waive or relax a 
permit limit established uslng either of the other methods. 
The most protective results from each assessment conducted 
should k used In the effluent characterization process (set 
Chapter 3). The results of one assessment technique should 
not be usedto  contradict or overmk the resultsoftheother(s>.~ ~ .. 

after suikble biocriteriaare-developed. Blosurveydata may (For more informationseeReference 55.) 
not be sufficientto detect impairmentswithout appropriate.~ ~ 

reference conditions. Whenever there are discrepancies between the findings of the 
approaches, regulatory agencies may need to re-examine the 

Bioassessments measureintegrated impactsowr long peri- findings to determine if simplificationsor assumptions may have 
ods of time. Multiple factors can contribute to measured caused the difference. The State of Ohio found in 60 percent of 
impacts. However, bioaswssmentscannot isolate the caus- the sites where they collected bioassessment data, a biological 
ative factor leading to the impairment nor predict future impact occurred when chemical-specMc data predicted no im-
impairment. pact. The reverse ahc c-n occur--biorurwyr may not show any 

impact in a stream wnereas effluent data modeled at low flow 
Bioassessments measure impact from any rource and as vmiect an exceedance of a chemical-swcific criterion. In this 
such, the data bracketing a discharge us-& to asuss lm- insiance, the regulatory authority may need to constder a more 
pacts may be mfluenced by pollutant sources further u p  deta~ledmonitoring and model~ngof chemicalfate and transport 



(which could include probabilisticmodeling) to determine if rim- impact predictions and setting controls. A procedure to deter-
pllfications in dilution calculations projected higher concentra- mine whether or not an eftluent's toxicity is persistent has been 
tions than would be expected using the detailed model. The developed by EPA 1631. ?he procedure detcribes the steps re 
authority also would need to examine concurrentlythe sampling quired to conduct a laboratory evaluation of the degradation of 
approach and analysis of the biosuwey data to determine if it toxicity in complex efilwnts that are releasedto receivingwaters 
aoorooriatelvcharacterizedthewater. If therewas Rilladifference, bv sim~listicallvsimulatina a water bodv and diiharae. EPA 
&n the reg~latoryauthority will needto use the more protective &ommends ihb procedk be c o n d u dwhere th;intersc-
approach as the basis to determim necessaryregulatorycontrols. tlon of sources of toxiunts Is uklult o  establlshlngcontrols. 

This simpk procedureis performedina refrigerator-sized environ-
mental chamber in the laboratow usina commonlv available 

An understandina of the fate and behavior of both sinale toxi. 
cants and wholekluent toxicity afterdicharge can be i+rtant 
in the applicationof water quality-basedtoxics controls. Evaluat. 
ing thecombined effectsof'intera~tin~toxic discharges also may 
be important in multiple discharge situations. When evaluating 
the receivingwater behavior of toxicants and toxicity, factorssuch 
as toxicity degradation or persistence, and toxicant additivlly, 
antaoonism. and svneraism are imwrtant. Ambient toxicitv tests 
can give some inbicaGon of the'importance of each octhese 
factors: 

Toxicity Persistenc+How long and to what extent (in 
terms of area), does effluent toxicity or the toxicity of a 
singk toxicant persist after discharge? It is not reasonable 
to assume that inallcasesthe wrsistence of both individual 
toxic chemicals and effluent ioxicity is conservative. For 
two effluents of eaual initial toxicity, the aauatic effects of 
an effluentwhose ioxicity degrade;rapidly &Illbe different 
from an effluent whose toxicity persists. 

Addltlvlly, Antagonism, and ~ ~ n e r ~ i s & ~ h e ntoxicants 
or effluentswith toxic propertier mix in the receivingwater, 
what is their combinedfate and toxic effects? 

Ten Interferences-his includes pH, temperature, d i n -
ity, hardness, and metals. 

Each of these factors is discussed below. 

h soon as an effluent mixes with receiving water its properties 
k i n  to chanae. The rate of chanae of toxicity in that eftluent is 
a Geawre of i itoxicity persistence-or degradakon. After mixing, 
the level of toxicity in the receivina water may either remain 
relatively constant (until further dilu<ed), increa& in toxicity due 
to transformation, or degrade due to fate processes (photode-
composition, microbial degradation) or compartmentalization 
processes (particulate adsorption and sediment deposition, vola-
tilization). 

One disadvantaw of the chemical-s~ecificao~machis that the 
bioavailability of the toxicant alter discharge'is not measured. 
Onsite toxicity testing has indicated that the individualtoxicants 
Causing toxicity mealured at discharge sites tend relatively to be 
persistent near the point of dixharge 123. 31-38], However, 
prsistence of indivihal chemicalscan be modeledand the per-
sistence of specific toxicants also can be accountedfor in making 

glassware and shipped effluent samples.- Toxicity i; measured 
usina conventionalacute or short-termchronic toxicitv tests. The 
resuil are used to generate a toxicity degradation ;ate for the 
effluent under representativeenvironmentalconditions. The oro-
cedure has several applications, includingmeasuring the decay of 
effluent toximy in a stream or lake, and identfiina the most 
important f a t i  processes responsible for toxicity-deby (which 
also may be useful in treatability or toxicity identificationstudies). 

Mixing zones designated by State water quality standards, or 
developedon a case-by-casebasis, are typically small enoughthat 
toxicityevaluations need only consider near field situations. Con-
tinuous dischames continually can introducetoxic wllutants into 
a receivingwacr. ..Although iliesepollutantscand&ay over time, 
this decay will occur downstream or away from the discharge. 
The receiving water concentrations at the point of dischaGe 
continuallyare beingrefreshed. Inthese instances, toxicity can be 
consideredconsewitiveand persistent (nondecaying) in ihe neat 
field. 

However, effluent toxicity can exhibit far field decay. Typical 
Patterns of ~maressivelvdecreasina downstreamtoxicitv (similar 
l o  biochemica16xygen~demandd&ay) have been obkw& in a 
number of freshwater situations 123, 31-38]. This is of concern 
when evaluating the combined toxicity of sources located far 
apart. Ifthere i s  reason to suspect that an &dent's toxicity IS not 
peeistent severaltechniques can beemployedto measurechanges 
of toxicity after discharge: 

Testing should be performedduring various seasons of the 
year correspondingto variousreceiving water flow regimes. 
The toxicity test itself, when performedwith dilution water 
immediately upstream or from an uncontaminated area 
nearby, is an analogue of the mixing and fate p r o c ~ s  
taking place in the receivina water. The types of raDid 
chemical reactions found inthe mixing zonealso can.be 
expectedto take place to a large extent when effluents and 
receivinawaters are mixedfortoxicitv tern. The effects on 
toxicity persistence of varying physi&l/chemical conditions 
in the receivingwater or in the effluent cannot. however. 
be accurately predictedfrom these results. 

Ambient toxicity testing, as detailed in Appendix C, mea-
wresthe ambient interactions of effluent and receiving 
water and can be used to assess toxicity persistence. 

Toxicity mnistencemay Dresent a more serious ~robleminestua-. 
rineoridke receivingwit;rs where the toxic& hnot flushedaway 
rapidly. Inone study, on a POWeffluent being discharged into a 
small cove off of Narragawn Bay, the decay rate of the effluent 
was temperaturedependent and was reduced markedly during 



the winter. Homver, penistence of the effluent in the receiving 
water cove in the winter did p e n t  a problem because Wal 
Rushingdidnot remove the toxicity [39]. 

For coastal discharges, certain toxic compounds are more often 
found to cause impacts In marine and estuarine emrironmts 
[MI. Due to the physical and chemical processes that tend to 
trap pollutants in estuarier (sedimentation, sallnity flux, etc.), the 
dkcharge of these compounds, at wry low concentrations over a 
long period of time, may allow them to accumulate to toxic 
concentrations. For many of these compounds, applicaMe permit 
limits may need to be wry sMngent to m i d  chmnic toxicity 
problems due to the persistence of these compounds. 

1-62 A d d W I -8 d8)arpln 
Where multiple toxic effluents are discharged to a receiving wa- 
ter. the resultant ambient toxicitv is of interest. Since each 

In relkAi0n to chmnic toxicity, for the growth of fish, Alabaster and 
Uoyd [651conclude: 

...inthefewItudia on the growth offish, the joint effect 
of toxicants has been consistently krr than additive 
which suggatr that as conccntraions of toxicants are 
reduced towards the levels of no effect,their potential 
for addition k a h  reduced. There appear to be no 
marked and consistent differences k t m e n  the resf3OnK 
of species to mixtures of toxicants. 

Cases in which one effluent or pollutant parameter (such as total 
suspxkci solids) ameliorated the toxicity of another effluent 
pollutant (antagonism) have k e n  observed. Testing procedures 
can be designed to measure such interactions. A description of 
such a procedure is found in "Recommended Multiple-Swrce 
Toxicity Test Procedures," Box 3-3, Chapter 3. 

emuent is composed of individual ioxic substances, a mixture of Theoretically, under certain conditions, synergism, a greater than 
the effluents in a receivina water produces a mixture of these additive increase in toxicity upon mixing, can occur. However, 
individuai pollutants (assu6ing conkwative behavior). The over- fieid studies of effluent toxicify and labohtory experiments with 
all ambient toxicity could be quai  to the sum of each discharge's specific chemicals imply that synergism would be an extremely 
toxicity (additivity), less than the sum (antagonism), or greater rare phenomenon. It has not been obsewed during onrite efflu- 
than the sum (synergism). ent toxicity studies, and is not considered an imporbnt factor in . 

the toxicolwical assessment of effluents. -
Alabaster and Uoyd 1651 observed from their data that the com- 
bined acutelv lethal toxicitv to fish and other aauatic oraanisms is In summaw, the available information indicates that the com- 
approximat~ly the simpleiddition of the pro~or(ionaI-contribu- bined eff& of individual acutely toxic pollutants are from 0.4to 
tion from each toxicant. The median value of the effect on fish is 2.8tima the effects predicted bv addinp the individuai effects. 
0.95 of that predicted; the collective value for w a g e  effluents, The mediin combineb effect is ~ppmx i~a tdy  additive. For this 
river waters and a few industrial wastes is 0.85. The range for reason, EPA recommends in the absence of site-rpeclfic data 
effluents, river wastes, and industrial wastes is 0.4 to 2.8. (Figure that regulatory authorities conslder combined acute toxidty 
1-11 illustrates the data summary.) to be additive. Since the data shorn no such additivity for 

chronic toxicity, EPA recommends that chronic toxidty not be 

r I considered as additive. 

Environmental conditions such as pH, temperature, salinity, hard- 
ness, andsolids concentratiotican influence the toxicitv test. For 
exampk, higher ambient solids concentrations provid;more sur-
facesfor toxicants to beadsorbed and can tend to reduce toxicitv. 
in addition, toxicity caused by ammonia is controlled by t6e 
ambient pH and temperature. Ar a normal part of the whole 
cfRuent toxkHy tening procedure, it is very Important to 
replicateclosely the "worn case" receMng water conditions 
inthe tening conditions. 

There may be a few unusual situations where the pH, tempera- 
ture, hardness, salinity, and solids requirements of the testing svbrOmI 
procedures differ greatly fmm the worst environmental condi- 

R e w i o n line 01Points tions for theseparametm. In thesesituations, the fluent toxic-
ssm~sandlndusl~iWasas ity tests may either over or under predict the toxicity in the 

ambient receiving water. An example of this is where ammonia is 
present and the highest expected ambient water temperature is 

poMnU 20% whereas the chmnic toxicity test must be conducted at 
25°C. Since a higher temperature causes more ammonia toxicity, 

0 1  1 2 8 the temperature requirements of the test may induce toxicity not 
TI~.L .a BI hwn Summd Toxr Uniu found in the ambient water. in such an instance, the regulatory T O X ~  P ~ K I ~ O . ~  

authority must look carefully at the test protocols and all the data 
Figure 1-11. Data Summary on AddlUvity [65] collected to determine ifthe facility is actually contributing to 

toxicity in the amtient water. A toxicity identification evaluation 



- - 

may be necessary to make this determination. If this analysis 
shows a toxicitv test result to be artiiicial due to environmental 
~ ~ 

parameters, thin thai test should be overridden by subsequent 
valid toxicity tests conducted. 

1.7 WMNHEALTH PRMECllOll 

Impacts on human health due to exposure to waterborne toxi- 
cants can occur throuqh three primary exposure routes: contact 
recreation, drinking water, and h e  iGestion of contaminated fish 
and shelifish tissues. Contact recreation may pose potential risk 
due to dermal absorption and incidental ingestion. Exposure 
through drinking water is a significant concem but can be miti-
gated for specific chemicals by applying drinking water criteria. 
The third exposure route, human consumption of contaminated 
aquatic lie, is of primary concern in this document due to the 
potentially high concentrations achieved in fsh and shellfish tis- 
sues from bioconcentration, and because no NPDES permitting 
controls exist between tissue contarnination and human uposu&. 
For these reasons, this document focuses on prevention of con- 
taminated aquatic life from bioconcentration as the principal way 
to control human exposure to watnbome toxicants. 

Currently, the regulation of human health impacts typically are 
based onlv w o n  the control of individual chemicals. EPA human 
health ~ b t e r ' ~ u a ~ i t y  criteria protect against the consumption of 
contaminated water and aquatic life. There is no mechanism like 
the aquatic toxicity test t i  determine the effect of a chemical 
mixture like an effluent on human health. EPA is developing, 
however. a ~reliminarv amroach to analvzina effluents for 
bioaicumulation poteniial &rough the use bf a-whole effluent 
bioconcentration anabis followed by identification of individual 
bioconcentratable poliutants [66]. 6 i s  procedure is descrikd in 
ChaDter 3. Once this method is reviewed (both internally and 
ext;mally) and finalized, ,twill provide another way for regtilatory 
authorities to assess bioconcentratable pollutants. 

1.7.1 ~ 1 ? I k # l h E t f 8 E i r  
Health effects from toxics are divided into hvo categories: 
nonthreshold effects, such as carcinogenicity, and threshold ef-
fecu, such as acute, subacute, or chronic toxicity. Bothterms are 
defined below. 

EPA's approach to assessing the risk arx~iated with nonthreshold 
human carcinogens is dmerent from the approach for threshold 
toxicants due to the dUferent rnechanirmsof action thought to be 
involved. In the case of carcinogens, the Agency akumu that a 

mal l  number of molecular events can evoke changes in a single 
cell that can kad to uncontrolled cellular proliferation. This 
mechanism for carcinwenesis is r e f e d  to as "nonthreshoid." 
since there is essentiall+o level of exposure for such a chemical 
that does not wse a small. but finite, probabiliw .of aeneratina a -
carcinogenic k p n s e .  Cenotoxic h l u u n t s  are presumed-to 
hm no threshold kvel, but incremental risk levels can be deter- 
mined based on the carcinogenic potency of the chemicals. 

Threshold toxicants, on the other hand, are generally treated as if 
there is an identifiable exposure threshold (both for individuals 
and popubtions) belowwhicheffects are not observable. Thresh- 
old toxicants are chemicals that give rise to toxic endpoints other 
than cancer because of their effects on the function of various 
organ systems. Such chemicals are prey;. d to have safe expo- 
sure lev& This characteristic distingui,': . threshold endpoints 
from nonthreshdd endmints. ~o&r. I: should be noted that ~ ~ ~~ ~ ~ 

chemiils that cause cailcer and mutations also commonly woke 
other toxic effects (systemic toxicity). In the case of systemic 
toxicity, compensating and adaptive "defense" mechanisms exist 
that must be overcome before the toxic endpoint is manifested. 
For example, there could be a large number'of cells performing 
the same or similar function whose population must be signifi- 
can* altered before the effect is seen. The individual threshold 
hypothesis holds that a range of exposures from zero to some 
finite value can be tolerated by theorganisms with essentially no 
chance of expression of the toxk effect. 

Cumntly, the control of toxicants that bioconcentrate in edible 
tirwa Isachieved in the NPDES program by limiting such pollut- 
ants indvidualty. There are whole effluent tests that can measure 
a wastewateh potential to cause carcinogenicity or mutagenicity 
(e.9.. Am test). However, the application of such data is experi- 
mental because of the difficulty in establishing causeleffect rela- 
tionships between exposure to wastewaters and human health 
pmblems. Therefore, at this time EPA recommends regulatory 
authorities focus on controls for bioconcentratabie toxicants on a 
chemical-&<hemica1 control basis. 

Thc remaining information regarding regulation of human health 
impacts is contained in thefollowing chapters: Chapter 2, Water 
h l i t y  Standards, discusses the d&opment and updating of 
human health water q u a l i  criteria. Chapter 3, Effluent Charac- 
mimtion. discusses th healuation of &uents for wtential hu- 
man health impacts. Chapter 4, Exposure and ~asieload Alioca-
UOn, Contains infortnation on design conditions and averaging 
priods. Finally, Chapter 5, Permit Requirements, discusre! the 
derivation of permit limits protective against human health Im- 
paar. 
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2. WATER QUALITY CRITERIA AND STANDARDS 


The foundation of a water quality-based toxics conml program 
consists of the State water quality standards applicabk to the 
watcrbody. The followingdixuuiondescribes the regulatory and 
technical considerations for application of water quality stan- 
dards. 

t r r  o m n l m o r W r a * G J l f y ~  
A water quality standard defines the water quality goals of a water 
body, or portion thereof, by derignating the use or uses to be 
made of the water, by setting criteria necessary to protect the 
uses, and by establishing antidegradation policies and impiemen- 
tation procedures that sew to maintain and protect water qual- 
ity. States adopt water quality standards to protect public health 
or wlfare, enhance the quality of water, and serve the purposes 
of the Clean Water Act (CWA). "Scrve the purposes of the Act" 
(as defined in Sections 101(a), lOl(a)(Z), and 303(c) of the Act) 
means that water quality standards should (1) include provisions 
for restoring and maintaining chemical, physical, and biological 
inMriW ofitate waters: (2)bmvide. whenwr attainable. water . . . ,  
quaityior the protection and of fish, shelifiih, and 
wildlife and recreation in and on the water ("fishabklswimmable"); 
and (3) consider the use and value of State waters for public water 
supplies, propagation of fish and wildlife, recreation, aaricukure . -
and industrial &rposes, and navigation. 

The CWA describes various uses of waters that are considered 
desirable and should be protected. These uses include puG~E 
water supply, recreation, and propagation offish and wiidlife,The 
States are free to designate more specific uses (e.g., cold water 
and warm water aauatic life), or to daianate uses not mentioned 
intheCW4 with the exception that waite transport and assirnila- 
tion is not an acceptable designated use (see40 CFR 131.10(a)). 
EPA's regulations emphasize the uses speci f i  in CWA Section 
lOl(a)(Z), but do not preclude other k M c i a l  uses and subcat- 
egories of uses as deteknined by theState. 

When deslanatina uses. States should aive careful consideration 
to whetheiuses &at i l l support the "&able and swimmabie" 
goal of Section lOl(aX2) are attainable. Ifthe State does not 
k ignate urcr in sup&& of thk goal, theState must perform a 
use attainability analysis under Section 131.10Q) of the standards 
regulation. Stbtes should designate uses for 6 e  waterbody that 
the State determines can be attained in the future. "Attainable 
uxs" are those uses (based Mthe State's system of water use 
classification) that can be a c h i i  when &wnt limits under 
CWA Section 30l(b)(lXA) and (0) and Section 306 are imnle . .. .. ~ 

merited for point source dixhaGs and when co~.&& bnd 
reasonable best management practices are implemented for 
nonpoint sources. Thc Water Quality Standards regulation ynci. 
fies the conditions under which States may remove uses or atat-
iish subcategories of uses. Among these are that the SState must 

Provide oDmrtunih, for DuMic hearim. In addition. uses that 
have bee" bttained-in th; watcrbody on or dter NoAmber 28, 
1975, whether or not they are Included in the water quality 
rtandards, may not be remwed unless a use requiring more 
stringent criteria is ad&. These uses are the "existing uses" as 
defined in 40 CfR 131.3(e). Also, uses that are attainable. as 
defined above, may not be removed. Removal of a "fishable1 
swimmable" use, or adoption of a sukategory of a "fishable1 
swimmable" use that requires ko rtringent criteria, require the 
State to conduct a use attainability analysis. Technical guidance 
on conducting use attainability analyses is available from €PA 
(e.g., Chapter 3 of the Water Quality Stondords Hondbodr (1983) 
[I1, and TcdrnicolSupporf Monwl: Warebody Surveys ondAs&ss- 
m afor Conducting UseAttoinabiIityh@es (1983) (21. 

In the Water Quality Standards regulation. Section 131.1 1 en- 
courages States to adopt both nimeric and narrative criteria. 
Aquatic life criteria should protect against both short-tern (acute) 
and long-term (chronic) effects. Nkneric criteria particularly are 
imponant where the cause of toxicity is known or for protection 
against pollutants with potential human health impacts or 
biiccurnulation potential. Numeric water quality criteria also 
mav be the best way to address nonmint source wllution Dmb- 
kms. Narrative criieria can be the basis for limiing tox& h 
waste diwharga where a specific pollutant can be identified as 
causing or contributing to the toxicity but there are no numeric 
criteria in the State standards or when toxicity cannot be traced 
to a particular pollutant. Section 131.11(aX2) requires States to 
dewlop implementation procedures that explain how the State 
will ensure that narrative toxics criteria are m&. 

WA's w.t~'wality~standards-mrulationmuires each State to 
adopt, as pan of ib water qualiistandards,'an antidegradation 
policy consistent with 40 CfR 131 .J2 and to identifv the methods 
it wiil use for implementingthe po lq.  Activities ;overed by the 
antidegradation policy and impkrnentation methods include both 
point i nd  nonpoint sources of pollution. Section 131.12 effec- 
tively sets out a three-tiered appmach fw theprotection of water . . 
qualily. 

"lkr 1" (40 CFR 131.12(a)(l)) of antidearadation maintains and 
pmtects existing uses and ih;water q&ty necessary to protect 
thee uses. An existing use can be established by drmonrtrating 
that fishing, swimming, or other uses have actually occurred since 
Novcmkr 28, 1975, p[ that the water quality IS suitable to allow 
such uses to occur, whether or not yuch.ukare derignated uses 
for the waterbody in question. (Compare Sections 131.3(e) and 
131.3(f) of the existing regulation.) For example, in an area 
where shellfish are propagating and suwiving in a biologically 
N b b k  habitat, the shellfish use is exining, whether or not &opie 
are ha-ing the shellfish. The aquatic l ie protection use is a 
Wca tego ry  requinngfu*erexpbnation, which may be found 
in the w~otn@olity Standards Hondtwk. 



'Tw II" (Section 131.121a)f2)1 ~rotcctrthe water aualior in wa- Requirements a ~ d i c a b kto all other toxicants (i.e... .. .. , 
ten-who; quality isbetterthan that necessaryto "kshabkl nonpnority toxic bllutants). 
mimmable" uses of the waterbodv. 40 CFR 131.1ZlaXZ) m u i m  
that certain procedures be folloGved and certain's&fngs be 
made,Moreloweringwater quality inhighquality waters. Th+re 
showings may be called an "antiegradation review." In no cax 
maywater qualityon aTier IIwaterbody be loweredto the levelat 
which existinguses are impaid. The T i r  IIprotectionusually is 
applied on a parameter-byparameterbasis (calkd the defini-
tional approach to Tier 11). This approach is a p p l i i  on a ca-by-
case basisso that, ifthe levelof any parameteris better than water 
quality standards for that waterbody, then an antidegradation 
review will be performed for any activity that could reduce the 
level of that parameter. 

The criteria requirements applicable to priority toxic pollutants 
(i.e., the first twocategoriesabove), are specified in CWA Section 
3031cMZXB). On December 2. 1988. €PA mt "Guidance for..,-,. . 
state Implementationof ~a t& .~ua l i<Standards for CWA Sec-
tion 303(cXZXB)' to each of its Regions and to each State water 
pollution control agency. The guidance contained t h m  options 
for imolementins the new numeric c M a  reauimnenb of the 
Act (i)adopt Stamvidenumeric criteria instandardsfor all tho= 
priority toxic pollutants for which EPA has published national 
;rite&; (2) adopt numeric criteria for only &me priority toxic 
pollutants and thore stream segments where the discharge or 
Dresence of theoollutant could reasonablv be e x w e d  to inter-

Outstandingnational-resourcewaters (ONRWQare providedthe ierewith designated use$ or (3) adopt a specific ~rocedurein the 
hiohest level of Drotection under the antidearadationwliw (Tier standards to "translate" the State's namtiw "free from toxics" 
111sno degradation is allowed. ONRWs Tnclude the hhhert- standard to derived numeric criteria. 
aualitv waters of the United States. However, the ONRW. . 
anttdegradation classification also offers special protection for The transmittal memorandum for the Section 303(c)(Z)(B) na-
waters of "exceptional ecological significance," i.e., those tional guidance expresses the Ofice of Water position regarding 
waterbodies that are important, unique, or sensitive ecologsally, priority toxic pollutants that may "reasonably be expected" to 
but whose water quality, as measured by the traditional param- interferewith designateduses. That memorandumand guidance 
eters such as dissdlved~oxvaenor OH. mav not be ~ariicularlv established a reb;ttable omum~t ionthat anu information indi-
high. Waters of exceptional ecologiial s~gnificanc~may al; cating that such pollutants are dischargedypresent in surface 
include waters whose characteristics cannot be desm'bed ad- waters (now or in the future) is sufficient iurtification to reauire 
equate by traditional parameters(such as wetlands andestuaries). adoptionor derivationof numericalcriteria: The goal is not just to 

identii poll~tantsthat are already impactina surface waten, but 
States may, at their discretion, adopt certain pdicies in their ratherid identify pollutantsthat may 6e impactingsurface waten 
standards a w i n g  the application and implwncntation of stan- now, or havethe potentialto do so in the future. Lack of detailed 
dards. For example, policiesconcerningmixingzones, variances, or widespread monitoringdata is not an acceptable basis to omit 
low-flow exemptions, and schedules of compliance for water numerical(or derived nurnerical) criteria from water quality M n -
quality-bared permit limits may be adopted. ~l thoughthese are 
areas of State discretion, EPA retains authority to review and 
approve or disapprove such policies (see 40 CFR 131.13). Guid. 
ance on these subjects is available from EPA's Office of Water 
Regulations and Standards, Criteria and Standards Division. 

21.2 W8tef O U ~ / / &Sl8ndwdr and TOXlOI C6ntWl 
'-

AoolicaMe reauirements for State ado~tionof water aualitv ~rite. 

dards under Options 2 and 3. Even a limited amount of monitor-
ing data indicating the discharge or presence of priority toxic 
pollutants in sutface waters is sufficient basis to conclude that 
numerical(or derived numerical) criteria are necessary. 

Where States select an Option 2 or 3 approach, States must 
indude, as part of the rationale SupporUng the adopted stan-
dards, the information used in determining which priority toxic 
pollutants require criteria. Where there is uncertainty about the 
need for criteria for soecitlc orioritv toxic wllutants. the State 

'for toxicar& vary depending upo i  the toxicant. 'The karon shouldadopt (or deri;) critda for ;uch po&tants sa bs to e non 
for this isthat the 1983water sualitv standardsreaulationandthe the side of environmental Drotection and wllution orevention. 
1987 amendments to the &A (pub. L. 1004) include more This approach is appropriate giventhe general lack of;nonitoring 
specific requirements for the particular toxicants listed in CWA datafor pnoritytoxic pollutants; itwill providemaximumprotection 
Section 307(a). For regulatory purposes, €PA has translated the to theenwmnmentbyanticipating, ratherthan reactingto, water 
65 compounds andfamilies of compounds listedin Section 307(a) quality problems.. . 
into 126 swcific substances that EPA refers to as ~riorihrtoxic~~ -~ 

pollutants~'The1% piiority toxic pollutan~arelistedinqdpendix For priority toxic pollutantsfor which EPA has not issued Section 
A of 40 CfR Part 423. Becauseof the mores~ecificreauiments 3041aYl) criteria auidance. CWA kction 303fcXZMB) reauires.,~-,,,, 
for priority toxic pollutants, it is convenienito organize the re Stat&idadopt u i k a  bas& on bidcgical monitoring orassess. 
auirements a~dicableto State a d o ~ t ~ o nof criteria for toxicants ment methods. The ohrase "bioloaical monitorinaor assessment. . 
into three categories: methods" includes (i)whole effluent toxicity c&trol methods, 

(2) biological criteria methods, or (3) other methods based on 
Requirements applicable to priority toxic pollutants that biological monitoring or assessment. The phrase "biological 
have been the subject of CWA Section 304(a)(l) criteria monitoring or assessment methods" in its broadest sense also 
guidance includes criteria developed through translator procedures. This 

broad interpretationof that phraseis consistentwith EPA's policy 
Requirements applicaMe to priority toiic pollutants that of applying chemical-specific, biological, and whole effluent to;-
havenot beenthe subject of CWA Section 304(a)(l) criteria icity methods independentlyin an integrated toxics control pro-
guidanceand gram. It also is consistentwith the intent of Congress to expand 



- - 

State standards programs beyond chemical-specific approaches. 

Where EPA has not issued kction 304(a) criteria guidance, but 
available laboratow toxicity (bioassay) data are sufficient to sup 
pon derivation of &emical&ecific ciiteria. States should consider 
deriving and adopting numeric criteria for such priority toxic 
pollutants. This is particularly important where other compo- 
nents of a State's narrative criterion implementation procedure 
fe.a.. whole effluent toxicity controls or biological criteria) may 
noiensure full protection of&signated ulu.  F& some pollutani, 
a combination of chemical-specific and other approaches is mc-
-ry (e.g., pollutants whek bioaccumulation i n  fish tissue or 
water consumption by humans is a primary concern). 

Criteria requirements applicable to toxicants that are not priority 
toxic ~ollutants (i.e.. the third cateaorv above), are swcified in 
the 1983 water quality standards re&l;tion (see 40 CFR 1 31.1 1). 
Under these reauimiments, States must adopt criteria based on 
sound scientif~c rationale that cover sufficieni parameters to pro- 
tect desiqnatea uses. Both numeric and narrative criteria are 
addresses by these requirements. 

Numeric criteria are required where such criteria are necessary to 
protect designated uses. Numeric criteria to protect aquatic life 
should be developed to address both short-term (acute) and 
long-term (chronic) effects. Saltwater species, as well as freshwa- 
ter species, must adequately be protected. Adoption of numeric 
criteria~- is oanicularlv im~ortant for toxicants known to be imoair- ~. , .~~ .~r~ ~-~ ~ 

ing surface waters and for toxicants with potential human health 
imoacts ie.a.. those with hiah bioaccumulation ootentiall. Hu-. . < .~ 

man health should be protected from exposuri resulting tmm 
consumotion of water and fish or other aauatic life (e.a.. mussels. 
crayfishj. Numeric water quality criteria aiso are urefufin address- 
ing nonpoint source pollution problems. 

In evaluating whether chemical-specific numeric criteria for toxi- 
cants are required, States should consider whether other a p  
proaches (such as whole effluent toxicity criteria or biological 
controls) will ensure full orotection of desionated uses. k men-. 
tioned a'twve, a combination of independek approaches may be 
reauired in some cases to SUDDO~the designated uses and com- 

with the requirements oi  ihe water quility standards reguia- 
tton (e.q., ~ollutants where bioaccumulation in fish tiaue or water 
consumption by humans is a primary concern). 

To suoolement numeric criteria for toxicants. all States also have ~ ~~ , ~ . ~ ~~ ~ ~ 

adopted narrative criteria for toxicants. ~uch'narrative criteria are 
statements that describe the desired water quality aoal, such as . . -
the following: 

All State waters must, at all times and flows, befree from 
substances that are toxic to humans or aquatic life. 

EPA considers that the narrative criteria apply to all designated 
uses at all Rows unless specified otherwise in a State's water 
quality standards. EPA also believes that no acutely toxic condi- 
tion may exist in any State waters regardless of designated use (54 
FR 23875). 

Narrative criteria can be the basis for establishing chemical-spe- 
cific limits for waste discharges where a specific pollutant can be 
identified as causing or contributing to the toxicity and the State 

has not adooted chemical-s~ecific numeric criteria. -~ Narrative~ ~ - ~ .  
criteria also A n  be the h i s  ior establishing whok effluent toxic- 
ity controls required by EPA regulations at 40 CfR 122.44(d)(l)(v). 

To enwre that narrative criteria for toxicants are attained, the 
water quality standards regulation requires States to develop 
implementation procedures (xe 40 CFR 131.1 1 (a)(Z)). Such. .. .. 
implementation k e d u r e s  (Box 2-1) should address all mecha- 
nisms used by the State to ensure that narrative criteria are 
attained. ~e&use implementation of chemical-specific numeric 
criteria is a key component of State toxics control programs, 
narrative criteria imolementation orocedures must describe or 
reference the State'; procedures i o  impkment such chemical- 
swcific numeric criteria (e.a., procedures for establishina chemi- 
cal-specific permits limits uider the NPDES permitting Gogram). 
Implementation procedures also must address State prwrams to 
control whole. eifluent .toxicity and may address programs to 
implement biological criteria, where such programs have been 
developed by the State. Implementation procedures therefore 
sem as umbrella documents that describe how the State's van- 
our toxics control programs are integrated to ensure adequate 
protection for aquatic life and human health and attainment of 
the narrative toxics criterion. In essence, the procedure should 
apply the "independent application" principle, which provides for 
independent evaluations of attainment of a designated use based 
on chemical-specific, whole effluent toxicity, and biological crite- 
ria methods (seeChapter 1, Reference 56). 

EPA encourages, and may ultimately require, State implementa- 
tion orocedures to provide for imolementation of biolwical crite. 
tia. 'However, the'regulatory bisis for requiring whoie effluent 
toxicity controls is clear. EPAmulations at 40 CFR 122.44(dl(l)fv) . .. . .  . 
require NPDES permits to coitain whole effluent toxicity limits 
where a permittee has been shown to cause, have the reasonable 
potential to cause, or contribute to an in-stream excursion of a 
narrative criterion. Implementation of chemical-specific controls 
also is required by EPA regulations at 40 CFR 122.44(d)(l). State 
implementation procedures should, at a minimum, specify or 
reference methods to be used in im~lementina chemical-swcific 
and whole effluent toxicity-based edontrols, explain how' these 
methods are intearated, and swcih, needed aoolication criteria. - . , . . 

In addition to EPA's regulation at 40 CFR Pan 131. EPA has m u -  
btions at 40 CFR 122.44 that cover the National Surface ~ a i e r  
Toxics Control Program. These regulations intrinsically are linked 
to the reauirements to a c h i i  water oual i i  standards. and sw- 
cifically address the control of polltkai'tr &th with and withbut 
numeric criteria. For examok. Section 122.44(d)(l)ivi) orovides . . . . . . , 
the permitting authority A& several options for establishing 
effluent limits when a State does not have a chemical-swcific 
numeric critsria for a pollutant present in an dfluent at a concen. 
Iration that causes or contributes to a violation of the State's 
narrative criteria. 

2.2 mDEMnm 

2.2.1 mH&,hXtiOll, WlFfEqlmlCy 
Ar stated earlier, criteria are specifications of water quality de- 
signed to ensure protection of the designated use. EPAcriteria are 



Box 2-1. Componentsof an Ideal State IrnplementatlonPmcedure 

Specific, KientiflcaNy&fens& methodsby which the Statewill implement its narrativetoxicrstandardfor all 
toxicants, including: 

- Methodsfor- . . includingmethods for applying chemical-specific criteria in per-
mits, developing or modifying chemical-specific criteria via a "translator procedure" (defined and 
discussed below). and calculating site-specific criteria basedon localwater chemistry or biology 

- Methods for developing and implementingwhole effluent toxicitv criteria andlor c o n W  

- Methodsfor developing and implementingbioloaical criteria. 

Integrationof t h w  methods in the State's toxics control program (i.e., how the State will pmceed when the 
specifledmethods produceconflictingor inconsistentresults). 

Application criteria and infonation that are needed to apply numerical criteria, for example: 

- Methods the State will use to identify thorepollutantsto be regulated in a specific discharge 

- An incrementalcancer risk level for carcinogens 

- Methodsfor identifying compliance thresholds inpermitswhere calculatedlimits are below 
detection 

- Methods for selecting appropriate hardness, pH, and temperature variables for criteria 
expressedas functions 

- Methods or policies controllingthe size and in-zonequality of mixing zones 

- Design flows to be used in translating chemical-specific numeric criteria for aquatic life and human 
health into p e n i t  limits 

- Other methods and informationthat will be needed to apply standards on a careby-case basis. 

develoced as national recommendationsto assist States in deveC concentrationdoes notexceedU l  wa/L morethan once. 
oping (heir standards and to assist In interpreting narrative Stan. every three years on the average. 
dards. EPA criteria or guidance consist of thnc componentx-

In this example generic statement, the following terms are in-
* Magnitude--How muchof apollutant(or pollutantparam- serted at:. 

eter suchas toxicity), expressedas a concentration, is allow-
able. (1) -either "freshwater" or "saltwater" 

Duration--The periodof time(averaging period) over which 
the instreamconcentrationisaveragedfor comparisonwith 
criteria concentrations. This specification limits the dura-
tion of concentrationsabove the criteria. 

Frequency--How often criteria can beexceeded. 

A typical aquatic life water quality criteria statement contains a 
concentration, averaging period, and return frequency, stated in 
the followingformat: 

The procedures described in the Cuiddines for Deriving 
NotionolWarer QualifyCriteriafor the ProtecticfiofAqwtu 
Organisms and Their Uses lndlcate that,except porribly 
where a locally important species is very sensitive, 111 
aquatic organismsand their uses should not be affected 
unacceptably if the fourday average concentration of 
a does not exceed -Q)- wg/L more than once every 
three years on the average and if the one-hour average 

(2) - the name of the pollutant 

(3) - the lower of the chronic-effect or residue-based 
concentrations as the criterion continuous con-
centration (CCC) 

(4) - the acute effect-based criterion maximum con-
centration (CMC). 

Defining water quality criteria with an appropriate duration and 
frequency of excursionshelpsto ensure that criteria appopr;ately 
are consiberedindeveloping wasteload allocationsMI&);whi& 
are then translated into permit requirements. Duration and fre-
awnw mav be defined in the desian stream Row amrooriate to. .  ,
the cn'eriok. However, in these &es, the State should provide 
an evaluation that the selected desian stream flow amroximates. . 
the recommended duration and frequency. 



2.2.2 Mhinplorrr 
It is not abays necerrary to meet all water quality criteria within 
the discharge pipe to protect the integrity of the waterbody as a 
whole. Sometimes it is appropriate to allow for ambient concen- 
trations above the criteria in small areas near outfalls. These areas 
are called mixing zones. Sincethese areas of impact, ildispropor-
tionately large, could potentially adversely impact the pmductiv- 
ilv of the witerbodv. and ha& unanticikted e c d w i k l  con* 
&ences, they shoid be carefully evaliated and ap'Propriately 
limited in sue. Ac our understanding of pollutant impacts on 
ecological systems wolves, there may be cases identified where 
no mixing zone is appropriate. 

To ensure mixing zones do not impair the integrity of the 
waterbodv.,. itshould be determined that the mixino zone will not-
cause lethality to passing organisms and, considering likely path- 
wavs of exposure. that there are no sisnificant human health risks. 
on6 means to a;hieve these objectces is to limit the size of the 
area affected by the mixing zones. 

For application of two-number aquatic life criteria, there may be 
up to two types of mixing zones (Figure 2-1). In the zone 
immediately surrounding the outfall, nether the acute nor the 
chronic criterion is met. The acute criterion is met at the edge of 
this zone. In the next mixing zone, the acute, but not the 
chronic, criterion is met. The chronic criterion is met at the edge 
of the second mixing zone. 

In the general case, where a State has both acute and chronic 
aquatic life criteria, as well as human health criteria, indepen- 
dently established mixing zone specifications may apply to each 
of the three types of criteria. The acute mixing zone may be sized 
to prevent lethality to passing organisms, the chronic mixingzone 

'Chronic criteria met 

Figure 2-1. Diagram of the Two Parb of the Mixing Zone 

sized to protect the ecology of the waterbody as a whole, and the 
health criteria mixing zone sued to prevent significant human 
risks. For any particular pollutant from any particular discharge, 
themagnitude, duration, freqwncy, and mixing zone asmiated 
with each of the three lypes of criteria will determine which one 
most limits the allowable discharge. 

Mixing zone allowances will increase the mass loadings of the 
pollutant to the waterbody, and decrease treatment require. 
ments. They adversely impact immobile species, such as benthic 
communities, in the immediate vicinity of the outfall. &cause of 
these and other factors, mixing zones must be applied carefully, 
soas not to impede progress toward the CWA goals of maintain- 
ing and improving water quality. EPA recommendations for 
allowances for mixing zones, and appropriate cautions about 
their use, are contained in this section. 

The CWA allom mixing zones at the discretion of the State [I] 
EPA recommends that States have a M n l U v e  statement in 
their standards on whether or not mixing zones are allowed. 
Where mixing zones provisions are part of the State standards, 
the State should describe the procedures for defining mixing 
zones. 

To determine that a mixing zone is sized appropriately for aqdatic 
life protection, water quality conditions within the mixing zone 
may be compared to laboratory-measured or predicted toxicity 
bench madu as follows: 

It is not necessary to meet chronic criteria within the 
mixing zone, only at the edge of the mixing zone. 
Conditions within the mixing zone would thus not be 
adequate to ensure survival, growth, and reproduction 
of all organisms that might otherwise attempt to reside 
continuously within themixing zone. 

Ifacute criteria (CMC derived from 48- to 96-hour expo- 
sure tertc) are met throughout the mixing zone, no 
kthality should result from temporary passage through 
the mixing zone. Ifacute criteria are exceeded no more 
than a few minutes in a parcel of water leaving an outfall 
(as assumed in deriving the Section 4.3.3 options for an 
outfaii velocity of 3 mlsec, and a size of SO times the 
discharge length wie), this likmise assures no kthality 
to passing organisms. 

If a full analysis of concentrations and hydraulic resi- 
dence times within the mixing zone indicates that or- 
ganums drifting through the plume along the path of 
maximum exposure would not be exposed to concen- 
trations exceeding the acute criteria when averaged 
over the 1-hour (or appropriate site-specific) averaging 
period for acute criteria, then lethality to swimming or 
drifting organisms ordinarily should not be expected, 
even for ra th~fa~tact ing toxicants. In many situations, 
travel time through the acute mixing zone must be less 
than roughly 15 minutes l a  1-hwr average exposure is 
not to exceed the acute criterion. 

Where mixing zone toxicity is evaluated using the probit 
approach described in the water quality criteria 
"Bluebook" [31, or using models of toxicant accumula- 



tion and action in organisms (described by Mancini [4] 
or Ehluon et al. IS]), the phenomenon of delayed mor-
tality should be &ken into account before judging the 
mixing zone concentrationsto be safe. 

The above recommendationsassume that the effluent is repul-
sive, such that freoswimmina oraanisms would avoidthe mixina 
zonu. While most toxic effl;eni are repulsive, caution is necec 
saw inevaluatinaattractive mixinazones of known effluent toxic-
i<a"d denial 07 such mixing zones may well be appropriate. It 
also is importanttoensure that concentrationiroplethswithin any 
plume will not extendto restrict passage of swimming organisni 
into tributary streams. 

Inall cases, the sue ol the mixingzone and the area within certain 
concentration ~soplethsshould be evaluated for their effect on the 
overall biologicai integrity of the waterbody. If the total area 
affected by elevated concentrationswithin all mixing zones com-
bined is small comoared to the total area of awaterbadv (such asa river segment), then mixing zones are likely to have inie effect 
on the integrity of the waterbody as a whole, provided that they 
do not impinge on unique or critical habitats. EPA has developed 
a multistep procedure for evaluatina the overall acce~tabilitvof 
mixingzones [6]. 

For protection of human health, the presence of mixing zones 
should not result in significant health risk, when evaluatedusing 
reasonable assumotions about exposure oathwavs. Thus. where 
drinking water contaminants are a concern, mixi;lg zone; should 
not encroach on drinkina water intakes. Where fish tissue resi-
dues are a concern (eitKer because of measured or predicted 
residues), mixing zones should not be projected to result in 
significant health risks to average consumers of fish and shellfish, 
after considering exposure duration of the affected aquatic or-
ganisms in the mixing zone, and the patterns of fisheries use in 
the area. 

information from manv areas of aauatic toxicolwv. (See Refer-
ence 7 for a detaileddiicussionof &is process.) ~ k rabecisionis 
made,that a national criterion is needed for a particular material, 
all available information concerning toxicity to, and 
bioaccumulationby, aauatic orqanisms is collected and reviewed 
for acceptability. if enough aGeptable data for 48- to 96-how 
toxlciw testc on aauatk animals are avaiiabk, they are used to 
d e k t h e  acuteuiierion. Ifsufficientdata on the ratioof acute to 
chronic toxicity concentrations are available, they are used to 
derivethe chmnic or long-term exporure criteria. If justified, one 
or both of the criteria may be related to another water quality 
characteristic, such as pH, temperature, or hardness. Separate 
criteria are developedfor freshwatenand saltwaters. 

The water quality standards regulation all- States to develop 
numerical criteria or modify EPA's recommended criteria to ac-
count for siteswcific or other xientificallv defensiblefactors. In 
caseswhere additional toxicologicaldata &e needed to modifyor 
develop criteria, the discharaer may be required to generate the 
data. '~uidanceon modityTng naiional c;lte"a is 6und in the 
handbook [I].When a criterion must be developedfor a chemi-
cal for which a national criterion has not been established, the 
regulatory authority should refer to the Guidelines for OerivingCn-
reria for Aauar~clile and Human Heohh(see 45 FR 79341. Novem. 
ber 28.1d80, and 50 FR 30784, July29,1985). 

2.3.2 mnlh@forSingleClwmI~Is 
Water quality criteria for aquatic life contain two expressions of 
allowable magnitude: a CMC to protect against acute (short-
term) effects and a CCC to protect against chronic (long-term) 
effem. EPA derives acute criteria from 48- to 96-hour tests of 
lethality or immobilization. EPA derives chronic criteria from 
longer-term (often greater than 28-day) tests that measure sur-
vival, growth, reproduction, or in some cases, bioconcentration. 

Most State standards include numericalcriteria for a limitednum-
While fish tissue contamination tends to be a far-field problem ber of individual toxic chemicals. Therefore, evaluationand con-
affectins entire waterbodies rather than a narmw-scale problem. trol of toxic pollutants is based on maintenanceof the desiqnated 
confin2 to mixingzones, restrictingor eliminating.mixiq zones use and oft& relies on the narrative criterion toxic 
for bioaccumulative pollutants may be appropriate under condi- substances in toxic amounts. The adverse effects of concern will 
tions such as the following: depend on the designateduseand the chemical. Bioaccumulation 

of chemicals in aquatic organisms, toxicity to these organisms, 
Mixino zones should be restricted such that thev do not the ~otentialfor additivitv. antaaonism. svneraism. and wrsis-
encr&ch on areas often used for fish harvestingpkicularly tence of the chemicals may be ikporta"t. '~vaiabl iinformation 
of stationaw swcies such as shellfish. on the toxic effectr of the chemicalis used when standards do not 

Mixingzones might be deniedwhere such denialis used as 
a device to cornpenratefor uncertainties iri the protective-
ness of the water quality criteria or uncertainties in the 
assimilativecapacity of the waterbody. 

2.3 W A E R  QUAUTY CRITERIA FOR AWATH: UFE 
PROTECTION 

2.3.1 DewIopnmi Row& for lWt& 
The development of national numer~alwater quality criteria for 
the protectionof aquaticorganisms is a complex processthat uses 

include specific numerical criteria. Such information can include 
EPA criteria documentr, published literature repom, or studies 
conducted by the discharger. 

Ac mentioned in Section 2.1.2. water aualitv-basedcontrols mav 
be based directly on the State's technical ietermination of whdt 
concentration of a specific pollutant meets the State's narrative 
"free from" toxics criterion. Although EPA water qualitystandards 
regulation requires that the State's process for implementing its 
narrative criterionbe described in the State standards, there is no 
requirement that this concentration be adopted as a numerical 
criterion in State water quality standards prior to use in develop-
ing water quality-based controls and therefore a case-by-case 
interpretation of the narrativecriterion may be necessary. 



2.8.8 mllvk rrME m m t  rdcliy 
Criteria for toxicity in current State standards range from the 
narrative mhibition (e.a.. no dixhame of toxic chemicals in 
toxic amwnts) to &aced requiremiits that specify the test 
species and the allowable toxicity level. At present, there are no 
national criteria developed under CWA Section 304(a) for whole 
effluent toxicity. Acute and chronic toxicitv units fTUs) are a 
mechanism foi quantifying instream toxicik using.thewhole 
effluent approach. The procedure to implement the narrative 
criteria using a whole efRuent approach should specify the testing 
procedure, the duration of the tests (acute or chronic), the test 
species, and the frequency of testing required. 

EPA's recommended magnitudes for whole effluent toxicity are as 
follows (again, two exp&ionsofallowabk magnitude are used): 
a CMC to protect against acute (short-term) effects and a CCC to 
protect against chronic (long-term) effects. For'acute protec- 
tion, the CMC should be set at 0.3 acute toxic unit (TU.) to the 
most sendtive of at least three t e n  species. 

The selection of test species for testing the effluent is not critical 
provided species from ecologically diverse taxa are used (e.g., a 
fish, an invertebrate, and a plant). The factor of 0.3 is used to 
adjust the typical LC50 endpoint of an acute toxicity test (50 
percent mortality) to an LC1 value (virtually no mortality). Spe- 
cificallv. a factor of 0.3 was found to include 91 wrcent of 
observed LC, to LCSo ratios in 496 effluent t6xiclty tests as illus- 
trated in Figure 2-2. This figure presents effluent toxicity data 
from many years of toxicity testing of both industrial and munici- 
pal effluents by the Environmental Services Division, U.S. EPA 
Region iV, ~thens, Georgia. 

Figure 2-2. LC1 to  LC50 Ratios for Effluent Toxidty T e N  

tor chmnk motcction. the CCC 5hwld be set at 1.0 chronic 
toxic unit ( ~ U J  to the most sensitive of at least three test 
specks. The selection of test organisms is as described above. A 
1.0 TUc is applied at the edge of the mixing zone to prevent any 
chronic toxicity in the receiving water outside the mixing zone. 

2.24 I k n d k n l r ~ ~ . r d l W m l 8 ~ ~ a r l c l t y  
The quality of an ambient water typically varies in response to 
variations of effluent quality, stream flow, and other factors. Or-
ganisms in the receiving water are not experiencing constant, 
steady exposure but rather are experiencing fluctuating exposures, 
including periods of high concentrations, which may haw adverse 
effects. Thus, EPA's criteria indicate a time *nod over which 
exposure is to be averaged, as well as a maximum concentration, 
thereby limiting the duration of exposure to elevated concentra- 
tions. 

For acute ccrlterla, EPA recommends an averaaina ~ c r i o d  of 1- - .  
hour. That is, to protect against acute effects, the 1-hour average 
exposure should not exceed the CMC. The 1-hour acute averag- 
ing period was derived primarily from data on response time for 
toxicity to ammonia, a fast-acting toxicant. The 1-hour averming 
period is expected to be f~l l~protect ivefor the fastest-a&ng 
toxicants, and even more protective for slower.acting toxicants. 
Scientifically justifiable alternative (site-specific) averaging periods 
can be derived from (1) data relating toxic response to exposure 
time, it coupled with considerations of delaved mortalin, [mortalin, 
occurring after exposure has ended), or i2) models i f  toxica& 
uptake and action, such as presented by Erickson [51 and Mancini 
et al. [4] 

in practice, l d a y  periods are the shortest periods for which WLA 
modelers and enforcement personnel have adequate data. Attain- 
ment of the duration criterion can be ensured bv Davino oarticuiar ,. , - .  
anention to short-term effluent variability and requnring measures 
to control variability (e.g., installation of eaualization basins) when . -
needed. 

For chmnlc criteria, EPA recommends an averaging period of 4 
days. That is, the 4day average e x p u r e  should not exceed the 
CCC. Different chronic averaging periods could be derived, de- 
pending on the nature of the pollutant and the toxic endpoint of 
concern (e.g., the rate of uptake and accumulation, and the mode 
of action). 

The toxicity tests used to establish the national criteria are con- 
ducted using steady exposure to toxicants usually for at least 28 
days. The test concentrations do not fluctuate as much as typically 
Occurs imtream. Ar the period of avenging increases, so too does 
the period of time the exposure concentrations can be above the 
criterion concentration without exceeding the average. The sig- 
nificant consideration involved in setting duration criteria is how 
long the exposure concentration can be above the criterion con- 
centration without unacceptably affecting the endpoint of the test 
(e.g., survival, growth, or repmduction). EPA selected the 4day 
averaging period based on the shorten duration in which chronic 
effects are sometimes observed for certain species and toxicants, 
and thus should be fully protective even for the fastest-acting 
toxicants. 



To predict or ascertain the attainment of criteria it is necessary to 
sp&ily the allowabk frequency for exceeding theuiteria. Th-is is 
because it is statistically impossible to pmiect that criteria will 
never be exceeded. kological communitia a n  naturally 
wbiected to a seriu of strrrw, the allowablefrequency of pollut-
ankress may be set at a value that docr not significantly increase 
the frequency or severity of all stresses combined. 

€PA recommends a once In 3-year average frequency for 
excunlons of both acute and chronic criteria These recom- 
mendations apply to both Chemical-specific and whde effluent 
approaches. However, the allowable frequency depends on site. 
soecifc factors. To im~krnent alternative frrawncies. site-sm 
ckc factors (see~ ~ p e n h i xD) or other data or inalyrer ;hwld'be 
taken into account. In all cases, the recommended frequency 
applies to actual ambient concentrations, and excludes the influ- 
ence of measurement imprecision. 

EPAestablished its recommendedfrequency aspartof its Guidelines 
for Derivino Criteria. last issued in 1985 181. EPA selected the 3-
year retur;l intervil with the intent o f  providing a degree i f  
oroteaion rouahiv eauivalent to a 7Q10 desian flow condition. 
bnd with some-cdnsideration of rates i f  e c o l ~ c a i  recweryfrom 
a variety of severe stresses. Because of the nature of the ecoloqical 
recovery studies available, the severity 6f criteria excursions could 
not be related rigorously to the resulting ecological impacts. 
Nevertheless, EPA derives its criteria intending that a single mar- 
ginal criteria excursion (i.e., a slight excursion over a l-hour 
period for acute or over a 4-day period for chronic) would result in 
link or no ecological effect and require tittle or no time for 
recovery. If the frequency of marginal criteria excursions is not 
high, it can be shown that the frequency of severe News, 
reauirina measurable recovery Deriods, would beextremely small. 
EPA thu;expects the 3.year return interval to provide a veiy high 
degree of protection. 

Field studies indicate that many discharge situations are affected 
both by predictable and measurable discharges of toxicants and 
by unpredictable spills of toxic substances. In most cases, the 
discharaers were unaware that spills were occumna. These spills 
are a &ond source of stress fd i  the communily-and deckre 
recovery potential. An aggressive program to minimize, contain, 
and treat spiiis should be in placeat any plant where the potential 
for spills exists. 

The concentration, duration, and freqwncy provisions of the 
criteria are imdemented throuah the development of W l A  and 
waterquai~tybased f luent  limits. AS discus& in Chapter4, the 
duration and freauencv recommendations are implemented di- 
rectiy if a dynami; mobeling approach is uKd to develop W l A  
and permit limits, Homver, if a steady-state approach is used, a 
design condition is needed for the calculations. 

For the protection of aouatic iife. the duration and freoucncv 
ncommendatlons provided abov; have bee" ured~to dke& 
recommended desian flmfor steadv-state modelina. Chapter 4 -
discusses these reckmended desigi flows. 

Traditionally, most water quality-based permits for point source 
discharges had been tied to the 7day, once in 10-year, low.flow 

conditions. The ream for this is that critical conditions for 
perennial point swrce discharges occur, in general, during the 
low-Row period. Currently, State laws and regulations generally 
state that water qualitystaMhrds aceappliwble to the 7 4 %  10- 
year low-flow or higher flow condiions. 

Itshould be noted that EPA's water qualiw criteria for aquatic life 
protection a n  aml i ib le  at all flow conditions, low as well as 
high. These uit& and their specifid duration and frequency, il 
adopted into or used to interpret State water quality standards, 
may be used as the basis for total maximum daily load (RUIDL) 
after considering seasonal Row and loading scenarbs. The con- 
centration, duration, and frequency provisions of EPA's water 
quality criteria can be m o d M  to account for site-specitic condi- 
tions. k States have started using the new two-number water 
quality cnteria for perennial as well as intermittent discharges 
suchascombined sewer omllom,urban ~no f f ,  etc., their proper 
use in the context of the TMDLANLA process needs to beempha-
sized. 

2.4 	 WATER QUAUl'Y CRmRlA FOR HUMAN HEALTH 
PROTECTION 

2.L1 * 
There are a number of key elements of State water quality stan- 
dards and imdernentation ~rocedures relevant to human health 
protection. ~'tates must determine ambient standards for the two 
primary human eximsure mutes, fish consumption and drinkina 
water.. States must then establish whether'mixing zones wi i  
apply, and, if so,determine the design conditions. 

State standards or their implementation procedures often s~ecify 
the risk level for carcinogenr methods for identifying compiian& 
thresholds in permits where calculated limits are below detection: 
and methods for sekctina awro~riate hardness. OH. and tem-
perature variable forcritGa.' H-er, if State sk;ld;rds do not 
specify there items, then the permitting authority must develop 
water quality-based Muent limits based uupo either an interpre 
tation of the State's water quality standards or EPA's criteria and 
procedures. 

The purpose of the following section i s  to provide a w iew of 
EPA'S procedures used to develop assessments of human health 
effect5 in developing water quality criteria and reference ambient 
concentrations. A compkte human heakh effectr discussion is 
included in the (dralt) Guidelines ond Methodoh Used in the 
pnp~rrrtion of neonh EW hsessment Choptm ;I the Consent 
Decree Woler D O C U ~ C ~ ~  by EPA's Envlmnmentai Criteria and As. 
Kument CmCe (ECAO). m e  procedures contained in the ECAO 
document are used in the development and updating of EPA 
water quality criteria and may be ured in developing reference 
ambient concentrations (RAO) for those pollutants lacking EPA 
human heakh criteria. Althouah the same procedures are used to 

~ ~~~~~-

develop criteria and RAG, on6 those valu;s that are sllbjected to 
the W ~ l a t ~ l y  Process of reabnal. State. and public comment 
can b;considwed "criteria."h~s may be applied as sitespecific 
interpretations of narrative standards and as a basis for wrmit 
iimits under 40 CFR 122.44 (dX1Xvi). 



Procedures also are provided in this chapter to develop values 
called reference tissue concentrations (RTCs) that can be used in 
assessing or monitoringfish tissues for unacceptableresidues. 

Water quality criteria for human health contain only a single 
expression of allowable magnitude; acriterionconcentrationgen-
erally to protect against long-term(chronic) humanhealtheffecu. 
Cumntlv. national wlicv and orevailina odnion in the exwrt 
community dictate'that <he durationfor Lukan health criteri; for 
carcinogensbe derived assuming lifetime exposure, taken to be a 

removal of much of the lipid material in which bioaccumulative 
contaminanutend to concentrate. 

EPA's human health criteria have assumed a human body weight 
of 70 kg and the consumption of 0.0065 kg of fish and shelH;sh 
pef day. Based on data mllected in 1973-1974, the nationalper 
capita consumption of freshwater and estuarine fish was esti-
mated to average 6.5 glday. Per capita consumption of all 
seafood(including marinespecies) was estimatedto average 14.3 
slday. The 95th percentile for consumption of all seafood bv 

7~~ear-t imeperiod. The duration of exposure assumed in deriv- Gdi$duals over a .period ol 1 month was estimated to be 42 
ing criteria for noncarcinogens is more complicateddue to a wide glday 191. The mean lipid content of fish tissue consumed in tnis 
va;iew of endooints: some develoomental (and thus aoeswcific itud; wis estimated t i b e  3.0 wrcent 1101< .  . . 
and perhaps sex-specific), rome lifetime, and some, such as or-
aanoleotic eff-. not duration-related at all. Thus. aoorooriate Currenthr. four levelsof fish consumotionare orovided in the €PA. . .  . 
Zuratiins depend on the individual noncarcinogenic pollutants manual, Assess;ng ~umo"Heolth drsk from Chemirofly 
and the endpoints or adverse effects being considered. Conlominoledfish ondShelfish These are: 

2.4.3 &pmn~ ~ O I I S 
6.5 glday to represent an estimate of average consump-
tion of fish and shellfish from estuarineand freshwaters 

A complete human exposure evaluation for toxic pollutants of by the entire U.S. population [9]. This fish consumption 
concern for bioaccumulation would not only encompass esti- level is based on the average of both consumers and 
mates of exposures due to fish consumption, but also exposure nonconsumersof fish. 
due to backgrourid concentrations and other exposure routes, 
including recreational and occupational contact, dietary intake 20 glday to represent an estimate of the average con-
from other than fish, inhalation of air, and drinkinqwater. How- sumption of fish and shellfish from marine, estuarine. 
ever, the focus of this document is on ingestion oicontaminated andfreshwatersby the U.S. population[Ill.Th~saverage 
fish tissue, a direct humanexposure routeof potentiallysignificant fish consumption ievel also incluoes both consumers and 
risk. (For the human health sections in this document ihe term nonconsumersof fish. 
"fish" generally is used to mean both fish and shellfish.) The 
consumotion of contaminated fish tissue is of serious concern 165 oldav to reoresent consumotion of fish and shellfish 
since th; presenceof even extremely low amb~entconcentrateons froim&ne, estuarine, and fieshwaters by the 999th 
of b oaccd.mulattve oollutanu (sublethalto aa~aticl~fe)~nsurface oercentile of the U.S. m~u la t i onconsum~nathe most fish. . 
waters, can result in'widue concentrations i nfish tissie that can or seafood [I21. 

-
pose a human health risk. Other exposure route information 
should be considered and incorporatedin humanexposureevalu- 180glday to represent a "reasonableworst case" oasea on 
ations to the extent it is available. the assumption that some individuals would consume flsh 

at a rate eaual to the combined consumotion of red meat. 
Levels of actual human exposuresfrom consuming contaminated poultry, firh, and shellfish in the unit& States (EPA ~ i s k  
fish varv dewndino upon a number of case-smific consumotion Arsessment Council assumotion based on data from the 
factors: ~ h i s efact&s'include type of fish s k i e s  consumed,' type U.S. Department of Agriculture Nationwide Food Con-
of fish tissue consumed, tissue lipid content consumption rate sumption Sulvey of 1977-1978). 
and panem, and food preparation practices. In addition, de-
pending on the spatial variability in thefishery area, the behavior €PA currently is updating the national estuarine and freshwater 
of the fish swcies. and the mint of aoolication of the RAC or fish and shellfish consumotion default values and will orovide a 
criterion, the'averabeexposu& of fish mb ibeonly a smallfraction ran& of recommendednationalconsumptionvalues. +his range 
of the.exoected exoosure at the mint  of aoolication of the will include mean values awrooriate to the moulation at larae. 
criterion. if an effluint attracb fish, ihe avera&'exposure might and values appropriate for' thbse indiiduais kho  consum; a 
be greater than the expected exposure. relatively large proportionof fish in their diets (maximallyexposed 

individuals). 
With shellfish, such as ovsters, snails, and mussels, whole body 
bssue consumptioncommonly occurs, whereas with fish, m u x k  Many States use the EPA's 6.5 glday consumption value How-
tissue and roe are most commonly eaten. This difference in the ever, some Stater (e.g.. Wisconsin. Louisiana, Illinois, and Ar~zona) 
t y p s  of tissues consumed has implications for the amount of usetheabovementioned20 gldayvalue. For salt waters Delaware 
available bioaccumulative contaminants likely to be ingested. uses another EPA value, 37 glday 1131. In general, EPA recom-
Whole bodv shellfish consumotion oresumabhr means incnstion mends that the conwmotion values used in derivino RACs from 
of the enti; burden of bioaccbmulaiive contarknanu. H k e r ,  theformulas in this chapter reflectthe most current relevant and1 
with most fish. selective cleanina and removal of internal omans, or site-swcificinformation available. 
and iometimei bodyfat as well,-from edible tissues, may result in 
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The ratio of the contaminant concentrations in fish tissue v e m  
water is termed either the bioconcentrationfactor (BCF) or the 
bioaccumulation factor (BAF). Bioconcentration is defined as 
involving contaminant uptake from water only (not fmm food). 
Biwccumulationis definedas invohringcontaminantuptakefmm 
both water and food. Under laboratory conditions, measue 
menu of tissuelwater partitioning generally are considered to 
involveuptakefmm water oniy. On theother hand, both process 
are likeiy to apply in the Reld since the entire food chain is 
exposed. 

Table 2-1 show the ratio of theBAF to the BCF as a function of 
the trophic level of the aquatic organism, and the log P (log 
octanol-water partition coefticient) of the chemical [14]. The- BAFIBCF ratio ranges from 1 to 100, with the highest ratios-
applying to organisms in higher tmphic levels, and to chemicals 
with log P close to 6.5. For chemicals with log P values greater 
than about 7, there is some uncertainty regardingthe degree of 
biwccumulation. but oeneraliv, trovhic level effects aowar to 
decrease due to ;low t6nsport-kinetics of these chemicdiin fish, 
the qrowth rate of the fish, and the chemical's relatively low 
bioavailability. 

Care must be taken in assianino the troohic iwel since certainfish< -
species may inhabit one source area bf contaminated food for 
oniy a portion of their life. Under such conditions of migration, 
fish would only receivea small portion of the chemical and never 
come into equilibrium. In addition, tmphic level for a qiven fish 
species will vary with life stage and stru&ure of the foo$chain. 

In this document. bioaccumulationconsiderations are inteorated 
into the RAC equbtions in Sections 2.4.7 and 2.4.8 by using food 
cham multi~iiers(FMs) with the BCF The bioaccumulabon and 
bioconcent;ation factors for a chemicalare relatedas folbws: 

By incorporatingthe FM and BCF terms into the RAC equations. 
bioaccumulation is addressed. 

Tabk 2-1. Estimated FoodChaln Muttipllen 

I Tmphic Levels 

These recommendedINSare conservative estimate$ FMs for log P 
values greater than 6.5 may range tmm the values given to as low ar 
0.1 foi contaminantswith very low bioavailability. 

In this process, bioaccumulationconsiderationsare included by oped is problematicand subject to uncerlainty. The option also is 
incorporating the FM term with the BCF in calculating the RTCs available to develop BAFs experimentally, but this will be ex-
and RACs. In Table 2.1, FM values derived from the work of tremely resource intensive if done on a site-specific basis with ail 
Thomann 114.151 are listed according to loq P value and tmphic the necessaryexperimental and quality contmls. 
Imlof the orgaiism. Tmphic l m i 4  orginisms are typl&Hy 
th@ most desirable species for sport fishlng and therefore, 
FMs for trophic level 4 generally should be used i n  the q u a - *'" Mm18n --Ud Brrartw RA& 
Uonsfor calculaUng RTCsandRACs. Int h o s e ~ s i t u a t i o n s  W W m  
when only lowertrophic level oraanismsarefound, e.0.. wssibk EPA recommends using the most current risk information 
oyster beilr, an for a lowe; tmphic lwei may k "sed 6 when updating criterlaand generating RACs. The Integrated 
calculating the RTCr and RACs. Risk informationSystem (IRIS) is an electronic online data base of. 

the U.S. EPA that provides chemical-specificrisk information on 
Measured BAFs (especially f i r  those chemicals with log P values the relationship behueen chemical exposure and est~matedhu-
above 6.5) reported in the literature should be used when avail. man health effects1161. Risk assessment informationContained m 
able. To use experimentally measured BAFs in calculating the the IRIS, except as specifically noted, has been reviewed and 
RAC or RTC, the (FM x BCF) term, is replaced by the EAF in the agreed upon by an interdisciplinary group of scientrsts represent-
equations in Sections 2.4.7 and 2.4.8. Relatively few BAFs have ing various program offices within the Agency and npresent an 
been measured and reported, and their application to Agencywide consensus. Risk assessment informationand values 
sites other than the ~pecificecosystem where they were devel- are updated monthly and are approved for Agencywide use. 



The IRIS is intended to make risk awerrment information readily 
availabk to those individuals who must perform risk asxssments 
and also to increase consistency among risk awssmentlrisk man- 
agement dechions. The IRIS is wailable to Federal and some State 
and local environmental aaencies throuah the EPA's electronic 
MAIL system and also is aviabk to the piblic through the Publlc 
Health Network and TOXNET. Since IRIS i s  designed to be a 
publtcly available data base, interested parties may hbmn studies 
or dxuments for consideration by the appropriate interdixipl~. 
naryreviewgroup for chemicals cirrentlyon the IRIS or~heduied 
for miew. Information regarding the Submission of studies of 
chemicals may be obtained from the IRIS Information Submission 
Desk. In addition to chemical-specific summaries of hazard and 
dose-response assessments, the IRIS contains a series of sections 
identified by service codes that sew as a usefs guide as well as 
provide background documentation on methodology. Mdi-
tional information' is  available from IRIS Users Support 51 3IFTS 
684-7254. 

The IRIS contains two types of quantitative risks values: reference 
dose (RfD) and the carcinwenk Doteno, estimate or slope faaw. 
The *D (formerly known & the bccepGble daily intake br ADI) is 
the human health hazard assessment for noncarcinogenic (target 
organleffects. The carcinogenic potencyertimate (formerfy known 
as a1 represent3 the upper bound cancer causing potential 
resuiting from lifetime exposure to a substance. ~ h e k i D  or the 
oral carcinogenic potency estimate are used in the derivation of 

Uw cumnt 
crnatfon 

an RAC. Appendix H contains the supporting information for 
derivation of RfDs. 

EPA periodiliy updates risk uwr rmn t  information including 
RAX. cancer potency estimates, and related information on con- 
tamiMnt effects, a id  rePo- the cumnt informabon on IRIS. 
S i m  the IRIS contains (he Agency3 most men1 auantitdt'ke risk 
assewtent values, cumnt IR~Svdues h w l d  be uied in develop 
ingnew RAG. This means mat the1980human health criteria 
should kupdated with the latest IRIS values. The procedure 
for deriving an updated human heaith water quality criterion 
would require inserting the cumnt RfD or carcinogenic potency 
at'mate on the IRIS into the appropriate equation in Section 
2.4.7 or 2.4.8. 

Figure 2-3 shows the procedure for determining an updated 
criterion or RAC usingIRIS data. Ifa chemical has both cardno. 
gcnlc and noncarcinogenic effects, 1.e.. both a cancer potency 
eNmate and RfD. the cardnoaen RAC fonnula In Sectlon 
2 . 4 . 8 h l d  be urcd as Itwlll re& in the more stringent RAC 
of the two. 

2+7 -klQllrkncrclnrpur 
The RfD is an estimate of the daily exposure to the human 
population that is likely to be without appreciable risk of causing 

EvaluW other 
l ouras  of d.t.: 

HEAST. 
Risk W N n t ,  
drlnUnO *nu 

YCLS,fl.h 
eonsummon 

FDA rtMn M s .  

Figure 2.3. Procedure for Revising an EPA Human Health Criterion or Developing a Reference Ambknt Concentratlon 



deleterious effectr during a lifetime. The WD is exprused in unks 
of mg toxicant per kg human body weight perday. 

WDs are derived fmm the "no obrmcd a d v m  effect kver 
(NOAEL) or the "lowest o b s e d  adverse effect kvel" (LOAU) 
identified from chronic or subchmnic human epidemldogy rM-
ies or animal exposure (mammal LDs0) r tudi i .  [Notc: L O W  
and NOAEL refer to animal and human toxicology m d  are thne 
fore distinct from the aquatic toxicity terms "no obwmd effect 
concentration" (NOEC) and the "lowest o b s e d  effect concen-
tration" (LOEOI. Uncertainty factors are then applied to the 
NOAELor LOAELto account ior uncertainties in the data associ- 
ated with variability among individuals, uctrapolation fmm non- 
human test spec6s to humans, data on other than lonptcnn 
exposures, and the use of an LOAEL [I4.An additional unca in ty  
may be applied to account for significant weakness or gaps in the 
data base. 

Th. RfD is a threshold below which effects are unlikek to occur. 
Wliiie exposures above the RfD increase the probability of adverse 
effects, they do not produce a certainty of adwne effects. Simi-
larly, while exposure at or below the WD reduces the probabilily, 
it does not auarantee the absence of effects in all persons. The 
RfDs contained in the IRIS are values that repment EPA,S consen-
sus (and have uncertainty spanning perhaps an order of magni- 
tude). 

For noncarcinogenic effects, an updated criterion or an RAC can 
be derived using the following equation: 

C or RAC (mgll) = {RfD x Wn - (DT + IN) x WT 
WI +[FCxLxFMxBCF] 

where 
C = updated water quality criterion (mgll) 
RAC = reference ambient concentration (mgll) 
RfD = reference dose (mg toxicantlkg human bodyweightl 

dav),. 
Wr = weight of an average human adult (70 kg) 
DT = d~etarvexoosure (other than fish) 

(mg tbxicent/kg body human mightlday) 
IN inhalation exposure 

(mg toxicantikg body human welghtlday) 
WI = averaqe human adult water intake 

,- ,. 
FC = daily fish consumption (kg fishlday) 
L = ratio of lioid fraction of fish t iWe consumed to 

3 perceni 
FM = f w d  chain multiplier (from Table 3-1) 
BCF = ~ioconcentrationfactor (mg toxicantlkg C,rh divided 

by mg toxicantll water) for fish with 3 percent lipid. 

If the receiving waterbody is not used as a drinking water source, 
the factor WI can be deleted. Where dietary andlor Inhalation 
exposure values are unknown, these facton may be deleted fmm 
the above calculation. For identified noncarcinogenic chemicals 
without known RfDs, extraoolation procedures can be used to 
estimate the RfD (see~ ~ p e n d i xH). 

. 

&y h u m  health criterion for a carcinogen is based on at least 
thme intendated considerations: potency, exposure, and risk 
~ r a c t e r h t i o n .  States may make their ovi judgments on each 
of thae facton within ~ r o n a b k  xientltic bounds, but docu- 
mentation to support their judgmcnu must be dear and in the 
puMk mod. 

Maximum protection of human health from the potential effwO 
01 exnowre to ca rc inms  Via contaminated fish would require 
an R k  of zem. The z& level is bared upon the assumptiin of 
nonthreshold effects 0.e.. no safe level exists below which any 
in- in exposure does not result in an increase in the risk of 
cancer) for carcinogens. However, because safety dws not re-
quire the absence of all risk, a numerical estimate of risk (in pgll) 
that cofresponds to a given level of risk for a population of a 
smified size is elected instead. A cancer risk level is defined as 
&;.number of new cancen that may result in a po ulation of 2 .specified sire due to an increase in exposure (e.g., 10' r~sklevel = 
1 sddiional cancer in a population of l,WO,OW)., Cancer risk is 
calculated bv multiplying the experimentally derived cancer po-. .  -
tency edndte by the concentration of the chemical in the fish 
and the average daily human consumption of contaminated fish. 
The risk for a specifed population (e.g., 1,000,000 people or 10") 
Is then calculated by dividing the risk level by the specific cancer 
risk. EPA's ambient water quality criteria documents provide risk 
kvels ranging from 10'5 to 10'7 as examples. 

When the cancer potency estimate, or slope factor (formerly 
known as the ql.), is derived using animal studies, high-dose 
exposures are eitrapolated to low-dose concentrations and ad- 
justed to a lifetime exposure period through the use of a linearized 
multistaoe rnodel. The model calculates the uowr 95 wrcent 
confideke limit of the slope of a straight line'ihat the model 
~ostulatesto occur at low doses. When based on human (epide 
kiological) data, the slope factor is based on the observed in- 
crease in cancer risk, and is not extrapolated. For deriving RACs 
for carcinogens, the oral cancer potency estimates or slopefacton 
fmm the IRIS are used. . 
n is important to note that cancer potency facton may overesti- 
mate actual risk. Such Dotencv estimates are subiect to areat 
uncertainty due to h v ~ ' ~ r i m a &  (1) adequacy $the facton: 
cancer data base 0.e.. human versus animal data) and (2) limited 
information regarbing the mechanism of cancer causation. The 
actual risk may be much lower, perhaps as low as zero, panicu- 
lady for those chemicals for which human carcinogenicity infor- 
mation is lacking. Risk levels of 1 wS, 1 04, and 1 Cr7 are often used 
by States as minimal risk levels in interpreting their standards. EPA 
considen risks to be additive, i.e, the risk from Individual chemi- 
cals is not necessarily the overall risk from exposure to water. For 
example, an individual risk level of 1 v 6  may yield a higher overall 
risk l e d  if multiple carcinogenic chemicals are present. 

f or carcinogenic&emthe RAC can be determined by using the 
follaving equation: 

c or RAC(mgll) = (RL x wn 

ql.[WI+FCxLx(FMxBCF)] 




*re 
C = updatedwater qualitycriterion (mgll) 
RAC .reference.ambientconcentration(mgll) 
RL = *k level(l@x) 
Wl .weight of an average human adult (70 kg) 
ql '  .carcinogenic potencyfactor (kg daylmg) 
WI .average human adult water intake (2 literstday) 
FC .daily fish consumption(kg fihlday) 
L - ratio of lioid fraction of fish tissue consumed to 

3 perceni 
FM = food chain multiplier(from Table 3-2) 
BCF = bieconcentrationfactor (mg toxicantlkg fish divided 

by mg toxicanUl water)for fish with 3 percent lipid. 

ll the receiving waterbody is not uwd as a drinking water source, 
the factor WI can be deleted. For identified carcinwenic chemi-

Again, someStates haw establishedtheir own procedureswhereby 
RTCI can be developed baseduponextrapolationof acute and/or 
chronic animal data to safe concentrations protective of fish 
consumption by humans. Where additional risk information is 
mded, an RTC could be bared upon other information such as 
drinking water MCLs or FDA action levels. 

h discussed in Chamr 1, to fullv omtect aauatic habitats and 
provide more comirehensive assessments of aquatic life use at-
tainmentlnonattainment, States are to fullv intearate chemical-
speclic techniques, toxicity testing, bi&ogicai surveys, and 
biiriteria into their water quality programs. In particular, the 

calswithoh known cancer potencyestimatevalues, ixvapolation Agenvs policy is that States should develop and implement 
orocedures can be used to estimate the cancer potency biological criteria in their water quality standards (see Chapter 1, 

The RfDs or cancer wtencv estimates comDrise the existina dose The orimaw statutoly basis for EPA's polio that States should 
factors for develo&ng k s .  When IRIS 'data are unavilable, h b pbiicriteria is found in Sections 101(6) and 303(c)(Z)(B) of 
auantitative risk level information may be dwelowd accordinqto the Water Quality M of 1987. Section 101(a) of the CWA gives
a' State's own procedures. Some states have btablished iheir 
own procedures whereby dose factors can be developed based 
upon extrapolation of acute andlor chronic animal data to con-
centrations of exposure protective of fish conrumption by hu-
mans. Where no pmcedure exists, factors may be based upon 
extrapolation from mammalian or other data using IRIS docu-
mentationor informationavailablefrom other EPA riskdata bases. 
Also, where no other information or procedure exists, drinking 
water maximum contaminant levels (MCLr) or Food and Drug 

the general authority for biological criteria. It establishes a; the 
objective of the Act the restoration and maintenance of the 
chemical, physical, and biologicalintegrity of the Nation's waters. 
To meet this objective, water quality criteria should address bio-
logical integrity. Section101(a) includes the interimwater quality 
goal for the pmtection and propagation of fish, shellfish, and 
wildlife. 

Section 304 of the k t  provides the legal basis for the develop-
Administration (FDA) action levels may be used as guidance in ment of informational Criteria, including biological criteria. Spe-
develop~nqnumerical estimates. cific directives for the development of regulatory biocriteria can 

Where fish tissue evaluations havebeen used for assessing human 
health risks, or, perhaps, used for additional routine monitoring 
where a chemical is below analytical detection limits, the follow-
ing formulas may be used to calculate an RTC. Readers also 
shouldconsult EPA's AssessingHumanHcollhRisks from Chemically 
ContaminatedFishandShellfish [I71. 

The basic equations for deriving RTC (in mglkg) use the same 
parametersas in equations 2.1 and 2.2, where BCF is normaliied 
at 3.0 percent lipid: 

For noncarcinogens: 
RTC (mglkg) = IRFD x W-fDT + IN, x Wl 

DMI(BCF x FM x L)] + FC 
For carcinogens: 

RTC (mglkg) = RLxWT 
ql '  WI/(BCF % FM x L) + FCJ 

The above equations should be comcted for site-specific lipid 
content and bioaccumulationfactdrs where data are available. 

be found in Section 303, which requires EPAtodevelop criteria 
bawd on biological assessment methods when numerical criteria 
are not established. 

Once biocriteria formally are adopted into state standards, 
biocriteria and aquatic life use designationsserve as direct, legal 
endpoints for determining a quality life use attainment1 
nonattainment. Al stated in Section 131.11tb)IZ) of the Water. .., 
Quality StandardsRegulation(40 CFR Pan131), biocriteriashould 
be used as a supplement to existingchemical-specific criteria and 
as criteria whm such chemical.specific criteria have not been 
establiskd. States are encouraged to implement and integrate 
all three approaches (biosurvey, chemical-specific, and toxicity 
testing methods) into their water quality programs, applying 
them in combination or Independently (providing the most pro-
tective of the three methods is u d )  as site-specific conditions 
and assessment obiflives dictate. 

Section 304(a) direm EPA to develo~and oublish water quality 
criteria and hformation on methodsfor measuring water 
and establishinqwater aualitycriteria for toxic oollutanbon bases 
other than poliutant-by-poliutant, including blologtcal monitor. 
ing and assessment methods that assess 

The effects of pollutants on aquatic community compo-
nents (". . . plankton, fish, shellfish, wildlife, plant l ie .  . .") 



and community attributes (". . . biological community These dements serve as an interactive network that is particularly 
diversity, ppmdctlvlty, and stability ...");in any body of important during early devdopment of biologicalcriteria where 
water. rapid accumulation of information is effective for refining both 

designateduses and dewloping biological criteria values. 
Factors necerrarv " ...to mtore and maintain the chemi-
cal, physical, an i  biological integrityof all navigablewaters 
..."for " ...the protectionof shellfish, Rsh, and wildlifefor 
classes and categories of receivingwaters ...." 2.6 mm 

2.5.2 ~ u d ~ d B k f k l 8  26.1 Cm*t-&WkW#MtUh 
Biocriteria are numerical values or nanative expressions that de- While ambknt water qualitycriteria are playingan important role 
scribe the reference biological integrity of aquatic communities in assuring a healthy aquatic environment, they alone have not 
inhabitino unimoaired waters of a desianated aauatic life use. been sufficient to ensure appropriate levels of environmental 
The biol&ical ~ommunitiesin these witerr reprisent the best prow'on. Sediment contamhation, which can involve deposi-
attainablecondiiions. The referencesite conditions then become tion of toxicants wer long periods of time, is responsiblefor water 
the basis for developing biocriteriafor major surface water types 
(streams, riven, lakes, wetlands, estuaries, or marine waters). 

Biological criteria support designated aquatic life use classifica-
tions for aoolication in State standards. Each State develo~sits 
own desiinated use claaMcation system based on the 
uses cited in the Act (e.9.. protection and propagation of fish, 
shellfish, and wildlife). Designated uses are intentionally general. 
However, States may develop subcategorieswithin use designa-
tions to refine and clarify the use class. Clarification of the use 
class is particularly helpful when a variety of surface waters with 
distinct characteristics fit within the same use class, or do not fit 
well into any category. 

For example, subcategories of aquatic life uses may be on the 
basisof attainable habitat(e.g., coldversus warmwater communi-
ties dominates by bass versus catfish). Special uses also may be 
desianated to protect particularly unique, sensitive, or valuable 
aqu& species communities, or habitak. 

Resident biota integrate multiple impacts over time and can 
detect impairment from knownand unknown causes. Biocriteria 
can be used to verifv im~rovementinwater aualitv in reswnseto. 

quality impacts in some &as. 

EPA has authoriw to oursue the developmentof sediment criteria 
in streams, lake;, a i d  other waters o i  the United States under 
CWA Sections 104 and 304(aX1) and (2) as follows: 

Section 1W(n)(l) authorizer the Administrator to establish 
national that study the effectr of pollution, in-
cluding sedimentation, in estuaries on aquatic life. 

Section 3M(aXl) directs the Administrator to develop and 
publish criteria for water quality, including information on 
the factors affecting rates of organic and inorganic redi-
mentationfor varying types of receiving waters. 

Section 304(a)(2) directs the Administrator to develop and 
publish information on, among other things, "the factors 
necessary for the protection and propagation of shellfish, 
fish, and wildlife for classes and categories of receiving 
waters..," 

To the extent that sediment criteria could be developed that 
address .the concems of the Section 404(bMl) auidelines for. .. . -

regulatory effom i n d  detect continuing dkradition o i  waters.. dixhargesd dredged or fill material under.the CWA or the 
Thev provideaframework for developing improvedbestmanaqe- Marine Protection Research, and Sanctuaries Act, thw also could 
ment'practices for nonpoint source imp&. Numeric criteria can be incorporatedinto those regulations. 
provideeffective monitoring criteria for inclus~onin permits. 

The assessment of the biological integrity should include rnea- 2.6.2 w a ~ 8 r d k C M 8 H a h 8 h p n m t  
surer of the structure and function of an aauatic communilv of Over the Dast several wars. sediment criteria develooment activii, ~ ~ 

species within a specified habitat. ~xperiknowledge of'the ties have ;entered on evaluating and developing the equilibrium 
system is required for the selection of appropriate biological partitioningapproachfor generatingsediment criteria. The q u i -
components and measurement indices. The development and librium partitioning approach focuses on predictingthe chemical 
implementation of biological criteria requires: interaction between sediments and contaminants. Developing 

an understandingof the principal factors that influence the redi-
Selecting unimpaired (minimal impact) surface waters to menUcontaminant interactions will allow for predictions to be 
use as the reference conditionfor each designateduse made as to what concentration of a contaminant benthic and 

other organisms may be exposed to. Chronic water quality 
Measuringthe stiucture and function of aquatic communi- criteria, or possibly other toxicological endpoints can then be 
ties in reference surface waters to establish biological crite- used to predict potential biological effem. In addition to the 
ria development of rediment criteria. EPA also is workina to develoo 

a standardized sediment toxicity test that could be Gsed with dr.Establishinga protocol to compare the biologicalcriteria to independently of sediment criteria and could be used to assess 
biota in impactedwaters to determine whether impairment chronic eff& in freshwater andmarine water. 
has occurred. 



Equlllbriumpavtitlonlng (EqP) ~ i m c n tquallty crltch (SQC) would not be of concern. H-, in m e  cavr the sediment 
are the EPA's besl ncommendatlon of the conanbation of a could not be considered safe because they may contain other 
substance Inrcdlment that will notunacceptablyaffectbmthic contaminants above safeh i s  for which -no &iment criteria 
organisms or their uses. exist. In addition, the rym~linic.antagonistic, or additive effects 

of -1 contaminants in the sediments may be of concern. 
Methodologies for deriving effects based SQC vary for dierent 
daisesof comwunds. For non-ionicoraanlc cherniik the meth- Additional testinoinother tiersof anevaluationaowoach such as ' 
-.-~-~~ ~~ 

odology requhs normalition to org&lc carbon. A methodol- bioassays, couldke required to determine ifthe;;dime"t is safe. 
oav for derivina effects based sediment criteria for metal con- It is likehl that wch testing would incorporatesitcspecific consid-
&inants is tinier development and is expected to require nor-
maliitionto acid volatile sulfide. EqP SQCvalues can be derived 
for varying degrees of uncertainty and lweb of protection thus 
permitting use for ecosystem protection and remedial programs. 

.. 

SQC would provide a basis for making more informed decisions 
on the environmental impact3of contaminatedsediments. Exbt. 
ing sediment assessmentmethodologiesare limited in their ability 
to identify chemicals of concern, responsible parties, degree of 
contamination, and zones of impact. EPA believesthat a compre 
hensive approach using SQC and biological test methods is pre-
ferred in order to make the mOR informed decisions. 

Sediment criteria will be Particularly valuable in site monitoring-
appl;cations where sediment contaminant concentrations are 
araa~ai~yapproaching a criteria over time. Sediment critena also 
ire valuabie as a pr&entative tool to ensure that point and 
nonpoint sources of contamination are controlled to ensure 
uncontaminated sediments remain uncontaminated. Also. com-
parison of field measurementsto sediment criteria will be a reli-
able methodfor ~rovidinaearlv wamina of a potentialproblem. 

eration< Exampkr of specific appli&tions of sediment criteria 
after they are devdopcd are as follows: 

Establishpermit limits to ensure that uncontaminatedsedi-
ments remain uncontaminated or sediments already con-
taminated haw an opportunity to cleanse themselves. This 
would occur only after criteria and the means to tie point 
sourcesto sediment depositionare dedoped. 

Establish target levels for nonpoint source causes of sedi-
ment contamination. 

For remediationactivities, SQC would be valuable in identi-
fying: 

- Remediation need 

- Spatial extent of remediation area 

- Benefits derivedfrom remediationactivities 

- Responsible parties 

An early warninghodd Govidean opp&uniG to take corrective - Impactsof depositingcontaminatedsediments in 
action wfore adverse impactsoccur. For the reasons mentioned water environments 
above it has been identifiedthat SQC areessential to resolvingkey 
contaminated sediment and source control issues in the Great 
Lakes. 

Smcific applications of sediment criteria are under development. 
The use of EqP-based sediment criteria will be to assess 
risk associated with Contaminants in sediments. The various 
offices and Droorams concerned with contaminated sediment 
haw diereth r&ulatory mandatesand thus, haveMerent needs 
and areas for ~otentiala~~l icat ionof sediment criteria. 6ecause 
each regutat& need i; different, EqP-based sediment quality 
criteria designed specifically to meet the needs of one office or 
program may have to be implementedin dierent ways to meet 
the needs of another office or program. 

One mode of applicationof EqP-based numerical SQC would be 
in a tiered ao~roach.In such an awlication. when contaminants 
inredimenk;xceed the SQC, the;;dimen&would beconsidered 
as causing unacceptableimpacts. Funhertesting may or may not 
be required dependingon sitespecificconditionsand the degree 
in which a criteria has been violated. (No additional testing 

- Success of remediationactivities. 

In tiered testing sediment waluation processes, sediment 
criteria and biological testing procedures work very well 
together: 

The Science Advisory Boardhas completed its reviewand issued a 
favorable repon on the EqP for a w i n g  sediment quality. The 
Subcommittee found the EqP "to have major strengths in its 
foundation in chemical theory, its ease of calculation, and its 
abilityto make use of existingdata.. . The conceptual basis of the 
approach is supported by the Subcommittee; howwer, its appli-
cation at this time is limited." 

The Sciice Advisory Boardalso ident i fd Vie needfor "a better 
understanding of the uncertainty around the assumptions inher-
ent in the approach, including assumptions of equilibrium, 
bioavailabiiity, and kinetics, all critical to the application of the 

would be required in locationswhere contaminationsignificant& EqP." An uncertaintyanalysis and a guidance document to assist 
exceeds a criterion. Where sediment contaminantlevelsare close in the regulatory application of developed criteria are under de-
to a criteria, additional testing may be necessary.) Contaminants velopment and expected to be completed in 1991 
in a sediment at concentrations less than the sediment criteria 



. . . -.--

EPA efforts at producing Kdiment criteria documents an k ing 
directedfirst toward phenanthnne, fluonnthcne, DDT, dkldrin, 
ace~phthene and endrin. Efforts a h  am king directed to 
produce a guidance document, Appluation of Sediment Quolity 
Giteria lor the P m t c c t h  of Aquatic Life,scheduled for dew in 
1991. 

EPA is proceeding with a methodology for dewloping sediment 
critetia for metal contaminants, with kw work focused on identi- 
fying and undemanding the role of acid volable sulfides (AVS) in 
controlling the biowaibbliifyol metal contaminants. A varicty of 
field and-bbontoty verification studies are undeway to add 
additional support to the methodology. Standard AVS sampling 
and analytical procedures a n  under development [I81. Presenta-
tion of the metals methodology to Me Science Advkoty Board for 
revkw is scheduled for 1991. 



5 

11. U.S. Department of Agriculture. 1984. Agricultural Statistics. 1. U.S.EPA 1984. W o t e r ~ M y S ~ ~ . ~ o f W a ~  
Regubtioru and Standards (WH-585). Washirgtm, DC. 

2. 	 U.S. EPA. 1984. Technical Support Document for Conducting 
Use Attoinability Studies. Officeof Water Regulations and 
Standards (WH-585). Washington, DC. 

3. 	 National Academy of Science. 1973. Woter Quality Criteria 
1972. EPA-R3-73-033 or NTlS P8236199. 

4. 	 Mancini, I.L. 1983. A Method for Calculating Effectr on 
Aquatic Organisms of Timevarying Concentrations. Wa-
ter-Res. 17:1355-61. 

Erickron, R., C. Kleiner, I.Fiandt and T. Highland. 1989. 
Report on the feasibility of Predicting the Effects of Fluctuating 
Concentrations on Aquatic Organisms. U.S. EPA, ERL-Duluth. 

6. 	 Brungs, W.A. 1986. Allocated lrnpcf Zonesfor Areas of Non- 
Compliance. U.S. EPA, Region 1. Water Management 
Division, Boston, MA. 

7. 	 U.S. EPA. 1985. Guidelines for Deriving Numerical Nation01 
Water Quality Criteria for the Protection ofAquatic Organisms 
and Their Uses. NTlS P885-227049. 

8. 	 U.S. EPA. 1987. Integrated Risk Information System. Volume 
2, Chemical Files. Office of Health and Environmental 
Assessment. EPN60018-861032b. March 1987b. 

9. lavitz, H.S. 1980. Letter to H. Kahn (EPA). SRI Intemational. 

10. Stephan, C.E. 	 1980. Per Capita Consumption of Non- 
Marine Fish and Shellfish. Memorandum to I.Stara. U.S. 
EPA, ERL-Duiuth. 

U.S. DA, Washington, DC. 

12. Finch, R. 	 1973. The MECCA Project: Effects of Regulatory 
Guidelines on the Intake of Mercury fmm Fish. Fihcries 
Bulletin 71 :615-26. 

13. U.S. EPA. 1989. Expure Factors Handbook. OHEA, Wash- 
ington, RC. EPA/6W/b89/043. 

14. Thomann, R.V. 	 1989. Bioaccumulation Model of Organic 
Chemical distribution in Aquatic F d Chains. Environ. Sci. 
Tuhnol. 23:699-707. 

15.. tho ma^, R.V. 1987. A Statistical Model of Environmental 
Contaminants Using Variance Spearurn Analysis. Report to 
National Science Foundation. NTlS P888-2351301A09. 

16. U.S. EPA. 1987. 	 Integrated Risk InfomwtiMSyrtem. Volume 
1, Supportive Dmumentation. Office of Health and Envi- 
mnmentall\wssment. EPA/MX)1&86/032a. March 1987a. 

17. U.S. EPA. 1988. Guidance Manuolfor Arsesring Humon Heollh 
Issues from Chemically Contaminated fish and Shellfish. 
Submitted by Robert A. Pastorok, PTI Environmental Ser- 
vices, Bellevue, WA; for Battelle New England Marine Re- 
search Laboratory, Duxbury, MA. 

18. University of Delaware Department of Civil Engineering. 1990. 
Deve@ment of an Anatyiicol Method of the Determination of 
Acid Volotik Sulfide in Sediment. Submitted by Battelle to 
U.S. EPA, Criteria and Standards Division, Washington, DC. 





~ 

-- 

3. EFFLUENT CHARACTERIZATION 


3I  lWTRODlCllON 

Once the apolicable designated uses and water quality criteria for 
a waterbody'are determhd, the effluent must be characterized 
and the permining authority must determine the need for permit 
limits to control tKe discharge. The purpose of effluent character- 
ization is to determine whether the discharge causes, has the 
reasonable potential to cause, or contributes to an excursion of 
numeric or narrative water quality criteria. Once the permitting 

'- authority determines that a discharge causes, has the reason- 
able potential t o  cause, or contributes t o  the excursion Of 
water aualitv criteria. the permitting authority must develop 
permit ilmit;that will control the diriharge. ~ t a  minimum, the 
permitting authority must make this determination at each permit 
re~uuance. The effluent characterization procedures described in 
the following sections apply only to the water quality-based a p  
pmach, not i o  end-of-the-pipe technology-based controls. 

Althouah many waterbodies receive discharqes from only single . . 
point sources, permining authorities will also ~ccasionally encoun-
ter receivina waters where several dischargers are in close proxim. 
ity. In such-situations, tne permitting authbrity may find that each 
discharger alone does not cause, have the reasonable potential to 
cause, or contribute to an excursion above water quality criteria. 
Yet, the dischargers may collectively cause, have the reasonable 
wtential to cause, or contribute to an excursion. Under these 
~lrcumstances,likumust be developed for each discharger 
to ~ r o t e c t  aaalnst collective excursions of applicable water 
quality stan&rds consistent with the €nviron&ental Protec- 
t lon  Agency's (EPA) existing regulations I n  40 CFR 
122.44(d)lOiii) for contmllina multlde discharaes. The terms .,.,.. 
"cause," "reasonable potential i o  cau&," and "co;tribute to" are 
the terms used in the National Pollutant Discharae Elimination 
System (NPDES) regulations for conditions unde; which water 
oualltv-based limits are reauired. Perminina authorities are re- 
&ir& to consider each of these concepts &n performing efflu- 
ent characterizations. 

This chapter i s  divided into twop a w  Section 3.2, Determining 
the Need for Permit Limits Without Effluent Data, and Section 3.3, 
Determining the Need for Permit Limits With Effluent Data. Sec-
tion 3.3 includes effluent characterization for whok effluent toxic- 
ity and for specific chemicals (including those for human health 
protection) and is based on the cumulaUve expwience gained by 
EPA, States, publicly owned treatment web (POTWs), and indus- 
trywhen imolementina the water quality-bared approach to toxics 
&ntrol. he elfluent bioconcentrationcva~uationpocedum d e  
x r i k d  in the section on human health are cumntly draft and are 
subject to further validation before being used. Until the proce-
dures a n  fully developed, reviewed. and finaliued. permitting 
authorities should not use them to characterize effluents. 

z1.1 r m r ~ ~ 
Effluent characterization is an essential step in determining the 
med for an NPDES permit limit NPDES regulations under 40 
CFR 122.44(d)(l) specify the minimum requirements and gen- 
eral types of analyses necessary for establishing permit limits. 
Each of these regulations is described below. 

40 CFR 122.44(d)(l)(ll) 

When determining whether a discharge causes, has the 

reasonable potential to cause, or contributes to an in- 

stream excursion abow a narrative or numeric criteria 

within a State water quality standard, the permitting 

authority shall use procedures which account for exia- 

ing controls on point and nonpoint sources of pollu- 

tion, the variability of the pollutant or pollutant param- 

eter in the effluent, the sensitivity of the species to 

toxicity t a n g  (when evaluating whole effluent toxicity), 

and where appropriate. the dilution of the effluent in 
. .  . 
the receiving water. 

Thi regulation requires at a minimum the consideration of each 
of these ekments in determining the need for a limit. -
40CFR 122.44(d)(l)(iii) 

When the permitting authority determines, using the 

orocedures in t ~ r a a r a ~ h  
, , idXl  Xii) of this section. that a - . . . . .. 
discharge causes, has the reasonable potential to cause, 

or contributes to 6n in-stream excursion above the 

allowable ambient concentration of a State numeric 

criteria within a State water quality standard for an 

individual pollutant, the permit must contain effluent 

limits for that pollutant. 


Under this regulation, permitting authorities need to investigate 
for the existence of pollutants in effluents if there is a numeric 
water quality criterion for that pollutant and to implement limits 
for those pollutants where necessary. 

40 CFR 122.44(d)(l)(iv) 

When the permining authority determines, using the 

proceduresin paragraph (d)(l )(ii) of this section, &at a 

discharge caua, hasthe reasonable potential to cause, 

or confributes to an in-stream excursion above the 

numeric criterion for whole effluent toxicity, the permit 

must contain effluent limits for whole effluent toxicitv. 


Under this regulation, permitting authorities need to investigate 
for theexistenceof whole effluent toxicity in effluents if there is a 

numeric water quality criterion for that parameter and to imple- 

ment whole effluent toxicity limits where necessary. 
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40 CFR 122.44(d\(l\(v\. .. ,. . 
Except as provided in this subwraaraoh. when the . - . .  
permitting buthority determines, using the procedures 
in pardaraph (d)(l)(ii) of this section, toxicity tetina . .. . . .  
dab, orother information, that a discharge ckses, h& 
the reasonable potential to cause, or contributes to an 
in-stream excukion abow a narrative criterion within 
an applicable State water quality standard, the permit 
must contain effluent limiti for whole Mwnttckicitv. 
Limits on whole Muent toxicity are not marary& 
the oermiltina authoritv demonstrates in the fact sheet 
or sitatementif basis 6l the NPDES permit, using the 
procedures in paragraph (d)(lXii) of this section, that 
chemical-specific limits for the effluent are sufficient to 
attain and maintain applicable numeric and narrative 
State water aualitv standards. .. , 

Under th~s reoulat~on. wrmittina authorities need to investiaate 
for the existe;lce of ;;hole effl&nt toxicity in effluents, l i the 
permittins authority can demonstrate that control of swcific 
;hemical;is suffk.eit tocontrd toxicity to the p i n t  of achievjng 
compliance with the water quality criteria, then chemical-specific 

limits alone will be iuific;ent to comply with the regula- 
tion. 

40 CfR 122.44(d)(l)(vl) 

Where a State has not established a water quality crite- 
rion for a specific chemical pollutant that is present in 
an effluent at a concentration that causes, has the 
reasonable potential to cause, or contributes to an ex- 
cursion above a narrative criterion within an aaolicable 
State water quality standard, the permitting bbthority 
must establish effluent limits usina one or more of the -
following [three] options .... 

Under this regulation, permitting authorities need to investigate 
for the existence of specific chemicals in effluents for which the 
State has not adopted numeric criteria, but which may be con- 
tributing to aquatic toxicity or impairment of human health. 
Narrative criteria apply when numeric criteria do not protect all 
the designated or existing uses. For example, the narrative 
criteria need to be used to protect human health if a State has 
only adopted a numer,c crihria for protecting aquatic life. Con- 
verseiy, the narrative criteria need to be used to protect aquatic 
lik ifb State has only adopted a numeric criteria for prot&ing 
human health. Once the permitting authority determine that 
one or more specific chemicals in aniffluent must be controlled, 
the authorities can use EPA's national criteria, develop their own 
criteria. or control the oollutant thmuah use of an indicator 
pollu&nt, as provided in subparagraph id)(l)(vi). In any case, 
the oermittina authoriwwill need to characterize theeffluent in a 
manner consgtent w i t i  the selected approach for controlling the 
poilutant. 

3.1.2 	 i*ck#iund for TorlcEm&-&on Aqurlic
Ufeand Human k?!ib 

Aquatic toxicity effects car *. characterized by conducting a 
general assessment of tht elfluent, or by measuring effluent 

toxicity or concentrations of individual chemicals and comparina 
these measurements to the expected exposure concentrations i6 
the receiving water. The "receiving water concentration" (RWC) 
isthe medsukd or projected exposure concentration of a toxicant 
or the psramcter toxicity (when dealing with the whole effluent 
toxicity) in the receiving water after mixing. The RWC is calcu- 
lated at the edge of a mixing zone if such a zone is allowed by a 
State's water quality standards 

p, with aquatic life protection, there are hvo possible approaches 
to characterizing efRuents for human health eirecu: chem#cal.by-
chemical and whole effluent. However, only the chemical-by- 
chemical approach currently is practical for askssing and cont6l- 
ling human health impacts. Appendix C discusses developing 
pnxedum for assessing human health impactr from whole efflu- 
ents. 

A fundamental principle in the development of water quality-
based controls is that the RWC must be less than the criter~a that 
comprise or characterize the water quality standards. With indi- 
vidual toxicants (or the parameter toxicity), the potential for 
toxicity in the receiving water is minimized where th; RWC is leu 
than the criterion continuous concentration (CCC), the criterion 
maximum concentration (CMC), and the reference amblent con- 
centration (RAO Toxicity becomes maximized where the RWC 
exceeds these criteria. Therefore, to  prevent Impacts to  aquatic 
life or human health, the RWC of the parameter effluent 
toxicity or  an individual toxicant (based on allowable dilution 
for the criterion) must be less than the most limiting of the 
applicable dterion, as indicated below. (The RAC as used 
throughout this chapter incorporates EPA human health criteria 
and State standards as well.) 

RWC< CCC (chronlc aquatic life) 

RWC <CMC (acute aquatic life) 

RWC < RAC (human health) 


The water quality analyst will use the same baslc components in 
theabove-described relationship (i.e., critical receiving waterflowr, 
ambient criteria values, measures of effluent quaky) for both 
effluent characterization and wasteload allocation (WLA) develop-
ment albeit from d i i rent  perspectives. In the case of effluent 
characterization. the objective is to project receiving water con- 
centrations based upon existing effluent aualitv to determine 
whether or no1 an excursion aboie ambient iriteia occurs, or has 
the reamable potential to occur. In developinq.Wk. on the 
other hand, the objective is to fix the RWC at'thcdesired criteria 
level and determine an allowable effluent loading that will not . 
cause excursions above the criteria. 

Recommendations for oroiectina the RWC are described within 
this chapter. ~hapter'4, 'Expohe AIsessment and Wasteload 
Allocation, provides recommendations for determining allowable 
effluent loadings to achieve established ambient criteria and for 
calculating W k  for establishing permit limits. The procedures 
described within Chapter 4 can also be used to calculate the 
dilution for analyses within Chapter 3. Chapter 5, Permit Require- 
ments, describes the actual calculation of wrmit limits after efflu- 
ent characterization and loadings, as well as W k ,  are complete. 

http:developinq.Wk


21.9 lirrwn~&&&atlon~ II E ~ I W&~IWIZ&UI nology), the regulatory authority will need to assess the technol-
ogy-bad limit for reasonable potentialfor causing or contribut-

There are two posible wayr to characterize an efflmf to deter- ing to an excumion abow the water quality standard,
mine the need for effluent limits for the orotection of aauatic life 
and human health. First, an assessmeni may be made without addition, the qulatory authority should consider all other
generating &bent data; second, an awssment may be con- available data and pertaining to the dischargertod u d 4  after effluent data have been generated. Regulatory au- assist in making an Where both efnuentthorities must determine whether a discharge .causes, has the terting data and imponant other exist the regulatory"reasonable potential" to cause, or contributes to an excursion authority will need to exercise dixretion in the ofabove an applicable narrative or numeric water quality criterion. the need for a limit, The wthori3, rhwld Nnploy the prin-An analysis of "reasonable potential" determines an effluent's ciple of application,, of the data and infonna-capability to cause such excursions. tlon that characterizes the dfluent. In other words, effluent 

data alone, showing toxicity at the RWC, may be adequate to
In determining the need for a permit limit for wtrde effluent demonstrate the need for a ,imif for toxicity or for individualtoxicity or for an individual toxicant the regulatory authority is other may an adequate basis forrequired to consider, at a minimum, existingcontrolson point and determining that limits are necessary. For example, where avail-nonpoint sources of pollution, the variabiiity of the pollutant or abk dilution is low and monitoring showsthat toxicpollutant parameter in the effluent the sensitivity of the involved pollutants are frequently discharged at concentrations that havespecies to toxicity testing (for whole effluent). and, where appro- toxicity when discharged from facilitie4 the per-priate, the dilution of the effluent in the receiving water (40 CFR mitting authority mayreasonthat toxicity is122.44(d)(ii)). necessary even without whole effluent toxicity data from the 

specific facility. In all cases, the decision must be based uponThe regulatory authority is also required by NPDES regulations to conrideration of factors cited in 40 CFR 122.44(d)(l)(ii), Theconsider whether technology-based limits are sufficientto main- qulatory authority will need to prioritize, on a case-by-casetain State water quality standards. There are two possibilitiesthat basis, the importance of all dataand usedin makingwill need to be assessed. First, if the limits based on appropriate a determination. To assist in determinations, rec-
treatment technology have.already been specified in a previous ommendedguidelinesfor an for the need 
permit, and if the facility is operating at the required level, then a prmit limit for whole effluent toxicity or individual toxi-
historical effluent and receiving water Information can be used. cants are below and in Boxes through 
Second, if the facility has yet to achieve the required technology 3-3,performance (best availabletechnology or best conventional tech-

I Box  3-1. Determining "Reaeonable Potential" fo r  Excurslona Above Ambient Criteria Using 
Factors Other than Facility-speclflc Effluent MonitoringData I 

When determlnmg the "reasonable potential" of a d~schargeto cause an excursion above a State water qualory1 standard, the reaulatoryauthor#Wmust consder all the factors bsted in40 CFR 122.44(d)11)Iii). Exam~lesof the I. . .  ...
I types of informaiionreiating to ihese factors are listedbelow. I 

-0 controls on ooint and nonwint sources of oollution 

Industry type: Primary, secondary, raw materials used, pmducts pmduced, best management practices, 
control equipment treatment efficiency, etc. 

Publicly owned treatment work type: Pretreatment, industrial loadings, number of taps, unit processes, 
treatment efficiencies, chlorination/amrnoniaproblems, etc. 

V m wlwl ln t  or wllutant rameter in the effluent 

CompJbnce history 

Existing chemicaldata from discharge monitoring reporb and applications. 

-&&yJ.&g .Adopted State water quality criteria, or EPA criteria 

Any available in-streamsurvey data applied under Independent application of water quality standards .Receivingwater type and designated/existing uses 

Dilution of the effluent in the receivino warn 

Dilution calculations 



Box 3-2.Damrmining" R ~ m a b f ePotential" for Excumions Above 

Ambient Criteria Using Effluent Data Only 


EPA recommends finding that a permittee has "reasonable potential" to exceed a receiving water quality 
standard ifit cannot be demonstrated with a high confidence level that the upper bound of the lognormal 
distribution of effluent concentrations is M o w  the receiving water criteria at specifled low-flow conditions. 

Step 1 	Determine the number of total obsemtions ("n") for a particular set of effluent data (concentrations or 
toxic units ms]), and determine the highest value from that data set. 

Step 2 	 Determine the coemcknt of variation for the data set. For a data set where ~ 1 0 ,  the coefficient of 
variation (qis estimated to equal 0.6, or the CV is calculated from data obtained from a discharger. 
For a data setwhere m0,the CV is calculated as standard deviationlmean (see Figure 3-1 ). For less than 
10 items of data, the uncertainty in the CV is tw large to calculate a standard deviation or mean with 
sflcient confidence. 

Step 3 	 Determine the appropriate ratio from Tabk 3-1 or 3-2. 

Step 4 	 Multiply the highest value from a data set by the value from Table 3-1 or 3-2. Use this value with the 
appropriate dilution to project a maximum receiving water concentration (RWC). 

Step 5 	 Compare the projected maximum RWC to the applicable standard (criteria maximum concentration, 
criteria continuous concentration [CCC], or reference ambient concentration). EPA recommends that 
permitting authorities find reasonable potential when the projected RWC is greater than an ambient 
criterion. 

Example 

Consider the following results of toxicity measurements of an effluent that is  being charactelired: 5 TU, 2 TU,, 9 N,, 
and 6 TU,. Assume that theeffluent is diluted to 20 percent at the edgeof the mixing zone. Further assume that the 
CV is  0.6, the upper bound of the effluent distribution is the 99th percentile, and the confidence level is 99 percent. 

Step 1 	 There are four samples, and the maximum value of the sample results is 9 TU,. 

Step 2 	 The value of the CV is 0.6. 

Step 3 	 The value of theratio for four pieces of data and a CV of 0.6 is 4.7. 

Step 4 	 The value that exceeds the 99th percentile of the distribution (ratio times xmaJ after dilution is calcu- 
lated as: 

[9 TUc x 4.7 x 0.201 = 0.85 TU,. 

Step 5 	 0.85 TU, is less than the ambient criteria concentration of 1.0 TU,. There is no reasonable 
potential for this effluent to cause an excursion above the CCC. 

3.2 	 DETERMlNlllOW NEED FOR W I T  UMlTS without facility-specific effluent monitoring data, or prior to the 

WITHOUT F J F ~ ' ~  FORA generation of effluent data. Water quality-based permit limits can MOW-
be set for a single toxicant or for whole effluent toxicity based on SPECIFIC FACfUlY 	 the available dilution and the water quality criterion or the State 
stando,. .n the absence of facility specific effluent monitoring 

If the regulatory authoriw chooses, or the circumstance data. wer, in doing so, the reguiatory authority must satisfy 
dictate, the authority may decide to develop and impose a all the .:.,s;rements of 40 CFR 122,44(d)(lXii). 
permit limit for whole effluent toxicity or for individual toxicants 



Box 3-3. Recommend Muliple-source Toxicity T e l n g  Procedume 

Tests 

Where the combined effluenb make up 1 percent or greater of the receiving waters, conduct chronic toxicity 
tests following the testing procedures dexribed in Section 3.3.3. 

Where the combined effluents make up less than 1 percent of the receiving waters, conduct acute toxlcity tests 
following the testing procedures described in Section 3.3.3 (xe Figure 3-2) to determine ifany of the effluents 
are exhibiting toxicity,. 

An additional data requirement is the assessment of relative and absolute toxicity of each swrck so that 
appropriate permit conditions can be set for individual dischargen. The following procedure is suggested. 

1) Conduct one set of toxicity tests on the effluents using a controlof reconstituted or uncontaminated dilution 
water. The set of tests will give an absolute toxicity measurement of the effluent. 

2) Run a parallel set of toxicity t e 5  on the efflwnt using dilution water taken directly upstream from the polnt of 
discharge or, for estuarimwahrs, from an area outside of the immediate discharge ifnpactzone (this will have 
to be determined by a dye study). This dilution water may be contaminated with upstream effluents or other 
toxicant sources. The purpose of this test is to project toxic impact of the eftlwnt after it is mixed at ita point 
of discharge. This is a relative efflwnt toxicity measurement. The relative testing procedure cwld result in a 
change in the standard concentration4fect curve generated by the testing. The dilution water for the relative 
toxicity test may cause significant mortality, growth, or reproduct'nre effectsat the lomr efflwnt concentra- 
tions (including the 100 percent diluent contml concentration) if the diluent from the receiving water is toxic 
(from an upstream discharge). Such mortality does not invalidate the test. Instead, analysis of toxicity trends 
resulting from the relative toxicity tests can b e  used to a m s  the effluent's toxicity in relation to other sources 
and ambient receiving water conditions. However, a control dilution water with no toxicity must be used for 
quality assurance and determination of absolute toxicity of theeffluent. 

3) 	 Conduct ambient toxicity tests to (a) determine whether or not the effluent has a measurable toxicity &er 
mixlng, (b) measure persistence of toxicity from all sources contributing to receiving water toxicity, and (c) 
determine combined toxicity resulting from the mixing of multiple, point, and nonpoint sources of toxicity. 
See Appendix C for a discussion of ambient toxicity testing procedures. 

The ambient testing can be required of each discharger and conducted during lowflow or worst-case design 
periods. " 

Frequency for Ambient Testlng 

All testing should be conducted simultaneously by each discharger, ifpossible. At a minimum, the tests should 
beconductedconcumntly starting within a short time period (1 to 2 days). Repeated ambient toxicity analyses 
will be desirable when variable efflwnta a n  invoked. EfRuent toxicity data showing variability can be used to 
assess what frequency will be most applicable. The level of repetition for variability aplysis should be similar to 
that uKd in effluent variability analyses. 

Other Considerations 

Dye stud'ier of efflwnt dispersion for riverr, lakes, reselvoirs, and estuaries are strongly recommended. This 
allows analyrls of effluent concentration at the selected sampling stations above and below the discharge pointa. 

The procedurei suggated in this multiple source section are based on actual multiple source site investigations 
conducted under the Compkx Effluent Toxicity Testing Program. Site nportc from that study can be wed to 
obtain funher delviption of the toxicity testing procedures used to analyze multiple source toxic impact [l, 21. 
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STEP 1 I Dllutlon 
d.1.rmlnatlonl I 

STEP 2 

ondllullon d*.mlMtlOn (3 s p c b  

Acute tox- data or Chronic toxicity data or 
mimate b a d  on ACR 1 esUmale basedonACR 

Notes: 
'Dilution deteminatlonsshould be prfomed for criticalflows and any applicaMemixingmnes. , 
2~oxicitytesting recommendations 

a. Dilution> 1000:l: acute testing. check CMC only. 
b. 100:l c Dilution< 1000:l: acute or chronic testing. check CMC and CCC with data or ACR. 
c. Dilution< 100.1: conduct chronic testlng, check CCC with data and CMC usingacute data or ACR. 

'Reasonable potential: Use pmcedures in Box 3-3. 

Figure 3-2. EfRuent Characteriutlon for Whok Eiiluent Toxicity 

Type of industry--Although dihargen should be indL Type of POTW-POTWswith loadings fmm indirect 
vldually characterized bec~usetoxicity problems are site- dischawrs (~alticularlvmimaw industries) mav be 
specific, the primary industrialcategoriesshould b e d  pnnci- candidks for toxicity limiu. ow ever, absence of 
pal toxicity concern. EPA's treatment technology data base industrial input does not guarantee an absence of 
generally suggests that Secondary industrial categories may P O W  dixharge toxicity For example, 
haw less potential for toxicity than primary industries. How- commercial pesticide applicators often discharge to 
ever, basedon experience, it is virtuaiiv impossible to aener- POTWs. muitina in ~esticideconcentrations in the~~ ~ ~ 

alize thc toxicityof et i lknu with any ccrtahy. lf twoplants POW'; c f ~ u e n itlousehold disposal of pesticides. 
producethe same typeof product, OnedRwnt may betoxic detcracnts. or other toxics mav have a similar eflect. 
while the other may not be toxic due to the type and The &of indunrial users, their product lines, their 
efficiency of the treatment applied, general materials han- raw materials, their potential and actual discharges, 
dling practices, and the functionaltarget of the compound(s) and their control equipment should be evaluated. 
being produced. P O W  shouldalso be charactemrdfor the possibility 

of chlorine and ammonia probhs.  



~ 8 1 m n(anurvafllmn1)) 
5) Waters ident'hl by the states under section 

(b) AI Annul  h n  ~h 303(d) of the CleanWater Act as waters need-
ing water quality-based control$ 

Figure 3-3. National Distribution of NPDES Dllutlon 
Condltionsat 7910 and at Annual Mean Flow 6) Waters identified by the state as prioritywater 

bodies 

IS.mar(3.ISy.pn) 
whole effluent toxicity tests with their permit applications. 

7) waters where ambient data indicateootentiai 

I,
i 

2000 -

0 -

Exittingdata on toxlc poliutantS-Diwhargc monitonng or adwl  excursions of water qual~tycntena 
reports (DMb) and data from NPDES permit application dueto toxic pollutdntsfmm an industwclassi-

Thae regulations also provide discretionto the permitting 

::[ 
authority to reqwrt such data from other POTWs at the 
time of w i t  application. 

History of compliance problems and toxic impact-
Regulatory authorities mily consider particular dischargers 
that have had d'ffKuky complying with limits on toxicants 
or that have a history of known toxicity impacts as pmbabie 
prioiity candidatesfor effluenttoxiclty limb. 

2.w 2.77, 

z . 0 ~  Type of &ng water and designated use-Regulatory 
1,-

I N 1  
authoritiesmay compiledata on water quality. Examplesof 
availabk data include fish advisoriesor bans, reports of fish 

am kills, State lists of priority waterbodies, and State lists of 
CI watersthat arenot meetingwater qualitystandards. Regula-

f o k s  2C and 2A may provide some'indication of the fed as a primary industry in ~ ~ p e n d i x ~of 40 
presenceof toxicants. The presenceor abxnceof the 126 CFR Part 122; 
"priority pollutants" may or may not be an indication of 
the presence or absenceof toxicity. There a n  thousandsof 8) Waters for which effluent toxicity test results 
"nonorioriW toxicanu that mav cause effluent toxicitv. indicate wssible or actual excursions of state 

'.JO % a,,+ L4hr4%A146, tory authorities should use this information as a means of 
identifying point sources that discharge to impaired 

DIIY~YY)IM&OMYM) waterbodies and that thus may be contributing to this im-
pairment. One source of this information i s  the lists of

(a) At Low Flow (7QlO) waters generated by states to comply with Section 304(1) 
regulationsat 40 CFR 130.10(d)(6); SO FR 23897.98, lune 2, 

7.m 
1989: 

am 
1) Waters where fishing or shellfish bans and/or 

advisories are currently in effect or are antici-
pated; 

1- 2) Waters where there have been repeated fish 
kills or where abnomiities (cancers, lesions, 
tumors, etc.) have been observed in fish or 

im other aquatic life during the last ten years; 

z 3) Wawt where there are rertrictions on water 
m sporu or recreationalcontact; 

4) Waters identified by the state in its most re-
cent rtatesection 305(b) reportaseither "par-

0 

"4% 
tiallyachieving" or "not achieving" designated 
uses; 

Also, iombkations of several toxicants can produce ambi- water q;ality standards, including narrative 
ent toxicitv when the lno~vidualtoxicants would not. EPA "free from" water aualitv critena or EPA water 
regulationiat 40 CFR 122.21(j) requireWWs with design quality criteria whire itate criteria are not 
flows equal to or greater than 1 MCD and POTWs with availabk; 
approved pretreatment programs, or POlWs required to 
develop a pretreatment program, to submit the results of 



9) 	 Waters with primary industrial major dis- 
chargers where dilution analyses indicate 
exceedances of state narrative or numeric wa- 
ter aualiw criteria (or EPA water auality criteria 
wh& stbte standards are not bvailible) lor 
toxic wliutants. ammonia. or chlorine; 

10) Waters with POTW dischargers requiring local 
oretreatment orwrams where dilution analv- r - - - - ~~ ~~. -~ 
ru indicate exceedances of state water qu;l. 
itv criteria lor EPA water auality criteria where 
s h e  wate; quaiity criteia a n  not availabk) 
for toxic pollutants, ammonia, or chlorine; 

11) Waters with facilities not included in the prwi- 
our two categories such as major POTWs, and 
industrial minor dischargers where dilution 
analyses indicate exceedances of numeric or 
narrative state water quality criteria (or EPA 
water quaiity criteria where state water quality 
criteria are not available) for toxic pollutants, 
ammonia, or chiorine; 

12) Water classified for uses that will not support 
the "fishable/swimmable" goals of the Clean 
Water Act; 

13) 	Waters where ambient toxicity or adverse wa- 
ter quaiity conditions have been reported by 
local, state, EPA or other Federal Agencies, the 
private sector, public intemt groups, or uni- 
versities; 

14) Waters identified by the state as impaired in 
its most recent Clean Lake Arseuments con- 
ducted under 314 of the Ckan Water Act; 
and 

15) Surface waters impaired by pollutants from 
hazardous waste sites on the National Priority 
List prepared under section 105(8)(A) of 
CERCLA. 

16) Waters judged to be impaired as a result of a 
bioassessmenUbiosumy. 

The presence of a combination of these factors, such as low 
available,diiution, high-quality receiving water, poor compliance 
record, and clustered industrial and municipal discharges, could 
constitute a high priority for effluent limits. 

Regardless, the regulatory authority, if it chooses to impose an 
effluent limit after conducting an effluent assessment without 
facility-specific monitoring dah, will need to provide adequate 
iustiiication for the limit in its permit devtlopment rationale or in 
&permit fact sheet. A ckar and logical rationale for the need for 
the limit covering all of the regulatory points will be necessary to 
defend the limit should it be challenged. In justiftcation of a limit 
€PA recommendsthat the more information the authority can 
acquire to  support the limit, the better a position the author- 
ity will be in to defend the limit Hnecessary. In such a case, the 

-1-


regulatory authority may well benefit from the collection of 
effluent monitoring data prior to establishing the limit. 

H the regulatory authority, after evaluating all available informa- 
tion on (he effluent in theabsenceof effluent monitoring data, is 
not able to decide whether the discharge causes, has the reason- 
able potential to cause, or conbibutes to, an excursion above a 
numeric or nanat i i  criterion for whok effluent toxicity or for 
individual toxicants, the authority should require whole effluent 
toxicity or chemical-specific tcrt/ng to gather further evidence. 
in such a case, the regulatory authority can require the monitor- 
ing prior to permit ihance, if sufficient time exists, or it may 
require the testing as a condition of the issued/reissued permit. 

Under these circumstances, the regulatory authority may find it 
protective of water quaiity to include a permit reopener for the 
imposition of an effluent limit should the effluent testing establish 
that the dixharge causes, has the reasonable potential to cause, 
or contributes to excursion above a water quality criteria. A 
discussion of these options is provided later in this chapter. 

3.3 	 DETERMINING THE WEED FOR PERMIT UMlTS 
WITH EFFLUENT MMlITMUNG DATA 

8.8.1 
When characterizing an effluent for the need for a whole effiuent 
toxiciw limit, and/or an individual toxicant limit. the reaulatow 
autho6ty should use any available effluent monioring data, t& 
gether with any information like that discussed under Section 3.2 
above, as the basis for a decision. The regulatory authority may 
already have effluent toxicity data available from previous moni- 
toring or it may decide t i  require the permitt& to generate 
effluent monitoring data prior to permit issuance or as a condition 
of the issued peIrnit. EPA regulations at 40 CFR 122.21(j) require 
POTWs with design f low equal to or greater than 1 MCD and 
POTWs with approved pretreatment programs, or POTWs re-
q u i d  to develop a pretreatment program, to submit the results 
of whole effluent toxiciw testr with their wrmit a~~lications. 
These regulations also pkvide dlxretion td the pe&itting au-
thonhl to request such data from additional POTWs at the time 

In the instance where the permittee is required to generate data 
in advance, data collection should begin 12 to 18 months in 
advance of permit development to ailow adequate time for 
conducting toxitity tests and chemical analyses. The type of 
data, includina toxicity testing data, should be swclfied bv the 
regulatory auihority bt the outset so that decisknr on permit 
actions will not be delayed, EPA ruommendc monitoring data 
be generated on effluent toxkity prior to  pcrrnlt limit devel- 
opment for thefdlmving reasons: (1)the presence or absence 
of effluent toxiclty can be more ckarly established or refuted 
and (2) where toxiclty is shown, effluent varlabillly can be 
more ckarly defined. -several basic factors that should be con-
sidered in generating effluent monitoring data are discussed 
below. 
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9.8.2 ~ ~ l rEtlMmmwwmbn 
~ ~ n # E ~ m a ~ ~ The largest value of 20 samples is greater than the 79 

ae~en t i k  r - -- - -
All toxic effects testing and exposure assessment parameters, for 
both effluent toxicity and individual chemicals, haw m e  de- The largest value of 100 samples is greater than the 96 
gree of uncertainty arsociatedwith them. The more limited the percentile. 
amount of test data available. the lamer the uncertaintv. The 
leastamount of uncertaintyofan effluent's impact on th;receiv- The second part of the statistical approach is a relationship be 
in0 water exists when (1) a comulete data base Is available on tween the arcentik r k c r i k d  above and the selected uowr 
th; effects of acute and chronic'toxicity on many indigenous bound of& lognormal effluentdistribution. EPA's effluentdata 
swies. (2) there is a clear understanding of ecosystem wies base rwauts  that the lwnormal distributionwell characterizes 
~omposi60nand functional processes, a i d  (3) aciual measured 
exposure concentrations are availabk for all chemicals during 
seasonal chanoes and dilution situations. Thc uncertaintvassoci-
ated with suci an ideal situation would beminimal. ~omver ,  
generation of these data can be wry resource intensive. 

An example of uncertainty that results horn limited monitoring 
data is if a regulatoryauthority hasonly one pieceof effluent data 
(e.g., an LC50 of 50 percent) for a facility. Effluent variability in 
such a case, given the range of effluent toxicity variabilityseen in 
other effluents, may range between 20 percent and 100 percent 
(see Appendix A). It is impossibleto determinefrom one pieceof 
monitoringdata where in this range the effluent variability really 
falls. More monitoring data would need to be generated to 
determine the actual variability of this effluent and reduce this 
source of uncertainty. 

To better characterizethe effectr of effluentvariability and reduce 
uncertainty in the process of deciding whether to require an 
effluent limit, EPA has developed the statistical approach de-
scribed below. This approach combines knavledae of effluent 
variability as estimateb'by a coefficient of variation with the 
uncertainty due to a limited number of data to p r o k t  an esti-
mated maximum concentrationfor the effluent. The estimated 
maximum concentrationis calculated as the upper bound of the 
exwcted lwnormal distribution of effluent concentrations at a 

efflwn~~oncentratlons(&Appendix E). For example, if five 
samples were collected (which representsa 40th percentile), the 
coefficientof variation is 0.6, and the desiredupper bound of the 
effluent distribution is the 99th percentile, then the two percen-
tiles can be related usingthe coefficient of variation (CV)as shown 
below: 

where a= In ( c v ~ + ~ )and 2.326 and -0.258 are the normaldistri-
butionvalues for the 99th and 40th percentiles, respectively. The 
use of the 99th percentile is for illustrative purposes he&. Al-
though it does represent a measure of the upper bound of an 
effluent distribution. other wrcentiles could be selected bv a 
regulatoryagency. 'The relationship shown above can be caicu-
iated for other wrcentiles and CVs bv reulacina the values in the. . 
equation. 

Tables 3-1 and 3-2 show the combinedeffectr of both partsfor a 
99-percent confidence level and upper bounds of the 99th.and 
95th percentiles, respectively. The factors shown in the tables are 
multiplied by the highest concentrationin an effluent sample to 
estimatethe maximumexpected concentration. 

high confid&ce level. The project& effluentconcentrationafter 
consideration of dilution can then be compared to an appropri- This Proredure can be used for both single and multiple dis-

ate water quality criterion to determinethe potentialfor exceed- chargesto the %Imereceiving waterbody. This k accomplished 

ing that criterion and the needfor an effluent limit. for multiple dischargers by summing the projected RWG for the 
wllutant or wllutant oanmeter of concern from each individual r~ ~ ~ .~~ ~ ~~ .~ ~~~ ~ ~~ -- - --. - - - ~  

The statistical approach has two pa*. The first is a characteriza. discharger, and comparing it to the water quality standard. This 

tion of the hiahest measured effluent concentrationb a d  on the involve^ an assumption of consewative additivity of the pollutant 

desired ConfGence level. The relationship that describes this is after discharge, which may not accurately &I&the true behav-
thn ~ ~ 1 8 ~ . . i ~ - .  ior of the toxicant. To overcome this. and to further refine the 

where p. is  the percentile representedby the highest concentra-
tion inihe data'and n i s  the number of.samplei. The following 
are some examples of this relationshipat a 99 percent confidence 
level: 

The largest value of 5 samples is greater than the 40 
percentile 

The largest value of 10 samples is greater than the 63 
wrcentile 

proportional contribution of each discharger and the resultant 
limits, thepermitting authority shouldsupplement this evaluation 
with multiple source WLA modeling andlor ambient water con-
centration monitoring. 

3.8.3 ~ l l ~u m c m w ~t~ n wE- rarcm 
Once an effluent has been selected for whole efflwnt toxicity 
characterizationafterconsiderationof thefactors discussed above, 
the regulatory authority should require toxicity testing in accor-
dance with appropriate site-specific considerations and the rec-
ommendations discussed below. In the past 5 years, significant 
additional experience has been gained in generating effluent 
toxicity data upon which to make decitmns as to whether or not 
an effluentwill cause toxic effectr in the receiving water in both 
freshwater and marine environments. 



Table 3-1. Reasonabk Potential Multiplying Facton: 99%ConMence Level and 99% Probability Bask 

Number of C o e M i t  of Variation 

Table 3-2.Reasonable Potential Multiplying Factors 99%Confidence Level and 95% Probability Basls 



General ConslderaUons a d  ASSUmpti0nS 

EPA has mired its initial effluent toxicity data generation recom- 
mendations based on three observations made over the last 5 
years 

1) Onlv rarelv have effluents d ischaw bv NPDESmines- .  
beck ob&rved to have LCs@ kuthan 1.0 or no 
observed effect concentrations (NOEG) kss than 0.1 per-
cent. However, there is always a chance that an effluent 
could be toxic at such low effluent concentrations. 

2) With the exception of a small number d "outliers" for 
which confirmation is not wssible, acute-to-thronic ratios 
(ACRs) above 20 for effluents discharged by NPDES per- 
mittees have not been observed by EPA The maiority of 
observed ACRs a n  ...- WN KldOm ab& 10t ~omver.hiaher

~~ ~ . -
ACRs may be foundfAr selected facilities. 

3) The use of the three commonly used freshwater species 
and of three of the five commonlv used marine oraanisms 
has generally been sufficient t i  measure any einuent's 
toxicity for the purposes of projecting effluent toxicity 
impact and making regulatory decisions. 

Figure 3.2 is a Row chart of EPA's recommendations for data 
generation for three different dilution scenarios. It is divided into 
three basic steps: determining initial dilution, developing toxic- 
ity testing procedures, and developing decision criteria for per- 
mi1 limit. There are certain basic assumptions built into this flow 
chart. The basic principle used in making decisions is to compare 
available dilution to known or projected toxic effect concentra- 
tions in order to place an effluent into one of threecategories: 

1) The effluent causes or contributes to an excursion of a 
numeric or narrative water quality criterion and the permit 
reauires a limit on toxicitv. 

2 )  The effluent has a reasonable wtential of causina or con- 
' tributing to an excursion of a'numeric or narrat&e watw 

quality criterion and a limit is required. 

3) The effluent has a vely low probability of causing or con- 
tributing to an excuion of'a water quality standard and 
no limit i s  required. 

This categorization is accomplished by using dilution estimates in 
the first steo and the results of the toxicity tesb in the next steos. 
In addition; all these impact estimates aisume discharge at citi- 
cal conditions and imposition of any applicable mixing zom 
requirements. Therefore, a conservative assumption is used to 
determine whether or not an impact is projected to occur. 
Gtimates of possible toxic Impact are made assuming that the 
effluent is most toxic to the most sensitive species or lifestage at 
the time of lowest available dilution. 

The changes to the EPA's data generation recommendations 
eliminate the application of multiple sets of safety margins that 
was proposed in the 1985 version of this document. Rather. 
gene;al observations on effluent toxicity described above now 
allow requlatory authorities to tighten the bounds of the in~tial 
dilution ;ategorization, eliminate the species sensitivity uncer- 

taintv factor and taraet L C I ~  of 1 m e n t  and NOECs of 0.1 per-
centdl the most e x & e ~ ~ c i t y ~ e a s u r e m e n t s  that can normally 
bc expected for the vast majority of effluents discharged by NPDES 
pmnittees for acute and chronic toxicity, respectively. The obser- 
vauon of toxicir, was based on multiple dilution tests. The same 
obsewation ma); not hald for toxicity measured with singk dilution 
tests (paulfail). As nRected in Chapter 1, single dilution toxicity 
tests are much more variaMe than multiple dilution tests. Then- 
fore, the use of slngk concentration toxidly t e a  is  strongly 
discouraged for this data generation process. 

Since the new data aeneration wuirements are much less expen- 
sive than the prev&s rquiremenk, tiered testing (leu expehve, 
sinale-concentration, initial screening followed by increasingly ex- 
pensive.definitive data generation, Ging multiconcentration tests, 
as described in the September 1985 version of the' technical 
suowrt document) is unnecessarv. However, ellminatlon of the 
re&lrement to conduct toxldly'tedng onthe basis of projec- 
tions using dilution alone is  not recommended. Although EPA's 
data review suggem that an LCS~  of 1 percent and an NOEC of 
0.1 wrcent are the hmer bounds on effluent toxicity. there may 
be other effluents'that are presently unmeasured that are mork 
toxic. Testing data are always desirable for fully characterizing 
discharges of concern. 

Steps in Whole Effluent Characterization Process 

The following is a detailed description of the major steps presented 
in Figure 3.2 and the rationale behind each. 

Step 1: Dilution Dctcrminotlon 

The initial step is to determine the dilution of the effluent at the 
edge of the mixing zone, assuming the State allows mixing zones. 
Figure 3-4 shows a schematic representation of typical mixing 
zone requirements for both acute and chronic toxicity. Calculat- 
ina the dilution at the edaes of mixina zones for site-swcific 
si6ations can be complicat&. ~ o d e l i n g b nbe employed using 
either steady-state or dynamic approaches to calculate the dilution 
(see chapter 4). ~ow&r, for idmpkx situations, such as marine 
and estuarine waters or lakes, dye studies (or other techniques 
used to assess mixing zones) may still be required. 

Some State water quality standards do not allow the use of mixing 
in the control of acute toxicity. For these States, acute toxicity is 
often limited at the end of ihe oiw. Permit limits derived to 
enforce such requirements would k considered "water qualily- 
based" because they would be based u w n  an ambient criterion 
(as opposed to acarbitrary test endkint). Regardless, both 
chronic and acute toxicity must be assessed in these situations. 

Step2: Toxkliy Testing Pmndum 

Where toxicity tests are required in order to make decisions re-
oarding aworooriate next steps in a screening Drotocol. EPA rec-- . .  . 
ommends as a minimum that three species (for e;ample, a 
vertebrate, an invertebrate, and a plant) be tested quarterly 
for a minimum of 1 year k discussed in Chapter 1, the use of 
three species is strongly rec~mmended. Experience indicates that 
marine algae can be a highly sensitive test species for some efflu- 
ents. Using a surmgate species of the plant kingdom adds another 
vophic level to the testing regimen. For both freshwater and 
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Figure 3-4. Schematic Repnsentatlon of Mixing Zone Areas 
Where the CMC and CCC Apply 

marine situations, the use of three species is more protective than 
two species since a wider range of species sensitmty can be 
measured. EPA is continuing to develop toxicity test .methods 
using additional organisms including plants. in addition, EPA has 
revised the test for Seknaslnurn, which has improved the test pre. 
cision. 

€PA recommends against selecting a "most sensitive" specks 
for toxicity testlna. For one oraanism to consistentlv bethemost 
sensitive iia batcry of toxicityttests, two condition; mud  occur: 
(1) the toxicants causing toxicity must remain the same, and (2) 
the ratios of the toxicants in theeffluent (if more than one) must 
remain the same. Based on EPA's uperience at the Duluth re-
search iaboratow. neither of these conditions is likelv to occur. For 
example, the causes of effluent toxicity in ~0TW;can vary on a 
seasonal basis. Toxicity in the summer can becausedby pesticides 
to which invertebrates are most sensitive. H-r, the winter 
toxicity cwld  be caused by ammonia to which fathead minnows 
will respond most sensitiGeiy. The most sensitive species for an 
effluent actually may not exist and at best is difficult to identify. 

Conductlng toxlclty tests using thm spcks  quarterly for 1 
war  is recommended to  adeauatch, assess the varisbllitv of 
ioxiclty observed i n  effluents. iklow'this minimum, thechhaxes 
of missing toxic events increase. The toxicity test result for the 

most sensitive of the tested species is considered to be the 
measured toxicity for a particular effluent sample. 

The data generation recommendations in Figure 3-2 represent 
minimum testing requirements. Since unceminty regardng 
W h e r  or not an effluent causes toxic impact is reduced with 
more data. EPA recommends that this test frequency be in- 
creased where n m r w w  t o  xleauatelv assess - f l uen t  vari-
ability. If kss frequent tisting is +ui& in the permit, i t  is 
preferable to use three species tested kssfrequently than to test 
the effluent more frequently with only a single species whose 
sensit~ityto the effluent is not well characterized. 

€PA recommends that a di'wharger conduct toxicity 
testing If the dilutlon ofthe effluent is greater than 1000:l at 
the edge of the mixing zone 131. Such a discharger would be 
considered a low priority for chronic toxicity testing. The rationale 
for this is that the effluent concentration would be below 0.1 
percent at the edae of the mixina zone and thus incaoable of 
&usingan ucuniGn above the C ~ C .A wont care NoE'C of 0.1 
percent translates into 1,000 N., which would result in a con- 
centration oi less than 1.0 TU, at ihe edge of the mixing zone for 
this dilution category. The test results wouid be compared to the 
CMC after consideration of any allowable mixing. 

EPA recommends that a dkharger conduct efther -r 
&&s toxicity testlng If the dilution of the effluent falls 
behwcen 100:l and 1,000.1 at the edge of the mixing zone. 
Effluents have been shown to be both acutely and chronically 
toxic within this range of receiving water dilution. Under worst- 
case scenarios, LCS@ of 1.0 percent and ACRs of 10 will result in 
excursions above both the CCC and CMC at the edqe of the -
regulatory mixing zone. 

Althouah either acute or chronic testina can be rewired within 
this dilution range, acute testing wouid be more approproate at 
the higher end of this dilution ranae (1.000:l or 0.1 percent). ~t - . .  
the l&r end of thi; dilution range (100:l or 1:0 percent), 
chronic t e N  may be more appropriate. Where other factors are 
equal, chronic &ting may kpreferable since tne interim results 
in a chronic test gives data on acute toxicity as well. The acute 
endpoint data can then be used to compare directly to the CMC 
without the needfor an ACR. 

Whichever l p e of toxicity test (either acute or chronic) is speci- 
fied, the results from that test should be compared to the crite- 
rion associated with that typeof test. For example, a chronic test 
wouid be compared to the CCC. Comparisons to the other 
criteria can be made by using the ACR or additional data gener- 
ated to convert a chronic test result to an acute endpoint and 
vice versa. For example, a chronic NOEC of 5 percent effluent (or 
20 TUJ represents an acute LCso of 50 percent (or 2 N a )  at an 
ACR of 10. 

€PA recommends that a dischamer conduct chronic toxicltv 
testing If the dllution of the effltknt falls below 100:l at th; 
edge of the mixing zone. The rationale for this recommenda- 
tion is that chronic toxicity has been obsemd in some effluents 
down to the 1.0 percent effectconcentration. Therefore, chronic 
toxicity tests, although somovhat more expensive to conduct, 
should be used directly in order to make decisions about toxic 
impact. 
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There is a potential for acute toxicity within this dilution range, all the facton that account for all the factors listed in 40 CFR 
although this is kss likely as the 100:l dilution kvd ir a p  122.44(d)(lXii). 
proached. Thus, the recommended screening protocol shown in 
Figure 3-2 includes a determination of whether excurdons abwe In m e  carer the statistical analysis of the effluent data m y  
the CMC are projected [4]. This analysis may be peffomnd by not actually project an excursion a  h  the CMC or CCC 

/ aaumino an ACR. aoolvina this value to the chronic toxidtv but mav bec k .  Under such conditions, reas~nable wten-
- , . ,  . 

I ;=;ang &tan and ;llowing for any allowable initial mixing. u&- tial detkninations will include an dement of judgmmt on 
/ nativek. the reaulatw authoritv mav use the interim results in the mrt of the reaulatw authority. Other factors will md 
the chronic tesito cal&late theicut i  toxicity. to bc conside4 and-oiven awrooriate weiaht in the 

d%ionmaking pmcess, hcludin&al;e of w a t e r k y  (e.g., 
Both the chmnic and acute toxicity test data would becompared high-use fishery), relative proximity to the CCC or CMC, 
to their respective criterion. The chronic test results would be existing controls on point and nonpoint sources, informa- 
compared to the CCC, and the acute results, regardless of how tion on effluent variability, comdlance histow of the facility, 
calculated, would be compared to the CMC. and typeof treatment faiility. ihrzfacton are summarizid 

in Box 3.2 and are discussed in detail in Section 3.1. EPA 
Step 3: 3:isim Crlterla ~LWPemltUmit Drvllopmmt recommends regulatory authorities emblish a mlt ten 

policy and procedure for maklng determinations of "rea- 
Once the toxicity data have t e n  generated for a discharger, the b n a b k  potential" under thesecircumstances. 
reaulaton,authority must decide whether or not the results show 
that the ~rmitteecauses, has the reasonable potential to cause, 3) -able Potential for Excunions Above CMC or CCC- 
or contributes to an excursion of an applicable numeric or narra- In these situations, EPA recommends that the toxicity tests 
tive water oualiw criterion and therefore needs to limit effluent recommended a  h  be repeated at a frequency of at 
toxicity. i o  d i  this, these data should be used to project leastoncem r y  5 years as a part ofthe permit application. 
receiv~ngwater concentrations, which are then compared to the Such testing is required for certain POTWs under 40 CFR 
CCC and CMC One of four outcomes will be reached when 12221(j). 
following the screening protocol shown in Figure 3-2: 

4) m u a t e  Information--Where a regulatory authority has 
1) Excursion Above --Where any one data point inadequate information to determine reasonable potential 

shows an excursion above the State's numeric or narrative for an excursion of a numeric or narrat~e water quality 
crite;ion for the parameter toxicity, EPA regulations q u i r e  criterion. there may still bea basis for concern on the part df 
a permit limit be s t  for whole f luent  toxicity (40 CFR the authority. The permit should contain whole effluent 
122,44(d)(l)(iv or v)), unless limitr on a spec#ii chemical toxicity monitoring requirements and a reopener clause. 
will allow the narrative water quality criterion to be at- This claure would require reopening of the permit and 
tained or maintained. In the absence of a State numeric establishment of a limit based upon any ten results, or other 
criterion for the parameter toxicity, EPA recommends that new facton, which substantiate that the effluent causes, has 
1.0 TU, and 0.3 N,be u K d  as the CCC and CMC, the reasonable potent~al of causing, or contributes to an 

respectively. The decision to develop permit limitr based excursion above the CCC or CMC. 

upon an excursion above either the CMC or CCC will lead 

to protection against both acute and chmnic toxicity If the 

permit derivation procedures in Chapter 5 are used to set . 

effluent limits. 
 3.3.4 mlrotrodenrr*in--

2) &onable Potential - Mmtbm 
EPA belleves that "reasonable potential" Is shum~whcre Where more than one discharge to the rame receiving waterbody 
an effluent is oroiected to cause an excurdon above the contributes, or has the reasonable mtential to contribute to an 
CCC or CMC.'T~~Sprojection is based upon a rt.Ustlul excunion of water quallty standard;, permit limits must be devel-
analysis of available data that accounts for limited oped for each individual discharger on that waterbody. For the 
sample slze and effluent varlabllly. EPA's detailed rec- rigulatory authority to make th; assessment additidnal testing 
ommendations for making a statistical determination W may be meded to provide the authority with the information 
upon effluent monitoringdata alone are shown in Box 3-2. necessary to assess the relath impact of each rource. For pur- 
Where a regulatory authority finds that test results alone poses of this diiussion, a multiple-mrce discharge situation is 
indicate a "reasonable mtential" to c a w  an excunion defined as a situation where imoact zones ovedao. or where 
above a State water quality criterion in accordance with 40 a m b i t  receiving water concentrations d a pollutani;re elevated 
CFR 122.44(d)(l)(ii). a permit limit must be developed. d w  to upstream discharger. In multipksource discharge situations, 

addibity, antagonism, and pusistence of toxicity can be of con- 
A regulatory authority may select an alternative approach c m .  To colkct additional data, the permit authority should employ 
for a:iessing reasonable potential. For exampli an au. the toxicity testing prciedures formultiple dischargers desc"beii 
thorit;( may opt to use a stochastic dilution model that in Box 3-3. In addition, ambient toxicity testing, as described 
incorporates both ambient dilution and dRuent variability below, could be used. 
for determining reasonable potential. Such an approach is 
analogous to the statistical approach shown in Box 3-2. Arsuming that screening has k e n  conducted that reveals the 
Whatever approach selected by the authority, it must use need for permit limits, two options for controlling the discharges ' 



exist. The first option is for the permit authority to regulate each 
source separatelyusingtheproceduresfor individual pointsources. 
In this option, the permitting authority would require use of 
upstreamambient water as a diluent in the toxicity test so as to be 
able to evaluate the contributions of upstream sources of toxicity. 
A second o~ t ionis to treat each dischargeas an interactivecompo-
nent of a h o l e  system. In this option. the permit miter would 
determine a total maximum daily losdfor the receinngwaterbody 
and develop individual wasteloid allocations for each discharger 
using the procedures discussed in Chapter 4. 

What is the salinity of the receiving water, and is this 
importantin terms of theState standards? 

What is theappropriatetest organismto requirefor toxicity 
terting under differing salinity conditions? 

The answers to these questions will enable the permittingauthor-
iw to daennine what type of toxicity testing is most suitable for 
&vent characterizationand whde &wnt bxicity control. 

For most marine and estuarine discharges the choice of test 
species and dilution water should be made based on the charac-
teristics of the receivina water at the critical conditions for flow. 

Ambient toxicity testing also is useful in screening receiving water mixing, and salinity. foremost in this determination should be 
bodies for existinq toxic conditions. The procedure de~r ibedin the salinih, of the receivina water and, to a ksser extent, the 
Appendix C uses ihort-term chronic toxicity t e a  to measure the 
toxicity of samples of receivingwater taken above, at, and below 
outfalis. It can be used in ireshwater, marine, and estuarine 
ryrtems. The procedure must be conducted during an appropri-
ate low-flowor worst-casedesign period. 

The utilityof the ambient toxicity screenina approach is that actual 
receiving water toxicity is dir&tly measired: No extrapolation 
from exposure or ACR is needed. Further, impact from multiple 
source discharge situations, which may not be apparent from 
individual discharger data, is identified. Finally, the technique can 
providean assessment of the persistenceof effluent toxicity. 

Special problemsare encountered when assessing and controlling 
impacts of toxic pollutants discharged to marine and estuarine 
waterbodies. The& special problem; includethe following: 

Determiningthe physical characteristicsof estuaries and the 
complex mixing and effluent dilution situationsfor RWCs af 
effluents. 

Generatina toxicity data on nonsaline effluents that' dis-
charge tokrackisGor saline waters and establishing cause 
effectrelationrhip~onthat basis. 

Assessing exposure and controlling impacts from persistent 
toxicants accumulatino in fish and shellfish tissues and in 
sediments. These factors are particularly important in estu-
ariesand near cmtal  waten because of hiah use of estuaries 

salinity of iheeffluent itself.-

The primary objective of whole effluent toxicity tests is to identify 
sources of toxicity that can potentially cause an excursion of a 
State's narrative or numeric water quaity criteria. For this reason, 
the toxicity tests should reflect the natural conditions of the 
receivinawater so to be able to measure anv effluent characteris-
tic that Fouldcontribute to ambient toxicity. The marine toxicity 
test methods identify 1,000 mgll as the point at which salinity 
beginsto exert an effect onfreshwater species. Al a general ~ l e ,  
EPA recommends that freshwater organisms be used when 
the receMng water salinity is l e u  than 1,MW) rngtl, and that 
marine organisms be used when the recehringwater salinity 
equals or &ceeds 1,000 mgtl. 

Saline EfRuent Discharges to  Saltwater 

The dissolved salts in the effluent are mllutants. These salts mav 
or may not be the same as those in the receiving wate;. 
Also, the proportion of dissolved salts in the effluent may be 
different from that of the salts in the receivingwater. In this case, 
the toxicity test needs to be able to determine if these salts 
contributeto ambient toxicity. For this reason, marine organisms 
are needed: 

Saline EfRuent Dlxharged to  Freshwater 

In this case, the dissolved salts in the effluent is a pollutant that 
does not exist in the receivina water. The toxicity test needs to 
determinewhether the dissol;cd salts can be one of the toxicants 
that contribute to ambient toxicity. For this reason, freshwater 
onanism are needed. 

as breeding and fishing areas .for impoknt commercial 
-

seafwd suppliesand recreationalRshina, and becausemany Freshwater EfRuent D i s c h a r dt o  Saltwater 
enuaries a'n'd mar coaml waters act ai sink for pollutan& 
that accumulate in sediments. 

Where these special problems are encountered, additional infor-
mation mav need to be aathered to better auantifv dilution. to 
determine 'metals partitiokg, and to identi6 pothntial interfer-
ences in whole effluent toxicity tests. 

To characterize the type of whole efRuent toxicity that is most 
relevant for a particula; dischargeto marine and eGuarinewaters, 
thefo l lo~ngquestions should be considered [S]: 

-
Inthis instance. the lack of dissolvedsalts in the effluent can cause 
an apparent toxic effect to the marine organisms in the toxicity 
test. However, in contrast to the instances presented above, the 
toxicity test does not need to be abk to measure this effect 
becausea lack of salts is not a pollutant. The marine toxicity test 
methods account for this by requiring that the salinity of the 
effluent be adjusted to approximate the salinity of the receiving 
water. & an alternative to usina a marine omanism. a freshwater 
organism can be used if the Gst is being &nducted only on a 
100-~ercenteffluent a m o k  and if State water auality standards 
do not require that a marine organism be used. 
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EPA regulationsat 40 CFR 122.44(dXlXv) pmvide that limitson 
whole effluent toxicity are not necessafy where the permining 
authority demonstrates in the fact sheet or natemnt of basis of 
the NPDES permit that chemical-specific limits for the effluent 
are sufficient to aMin and maintain applicable numeric and 
narrativeStatewater qualitycriteria. To makethis demonstration 
that chemical-specific limits are sufficient, additional effluent 
information will be needed. EPA recommends that the dlr 
chargerconductatoxklly identiflution m l w t i a nto identify 
the cauutivc agentQ In the effluent Where the permining 
authoritydetermines that the demonstration requiredby 40 CFR 
122.44(dX1Xv) has beenmade, limitson wholeeffluent toxicity 
neednot be imposed. Effluentlimitson the controllingchemical 
with concurrent whole effluent monitoring will be sufficient. 
Where subsequent whole effluent toxicity testing reveals the _ presence of tox~cityin the effluent, the above process will need 
to be repeated, or alternativelyawhole effluent toxicity limit will 
be needed. If continued toxicity testing shows that additional 
chemical-specific effluent limits are insufficientto control whole 
effluent toxicity, then toxicity limits may be the only practical 
way to control toxicity. 

The previousrectiondiscussedeffluentcharacterizationfor whole 
effluent toxicity. This section will describe EPA's mommenda-
tions for data generation to determine whether or not permit 
limitsare needed to control specific chemicalpollutants in M u -
ents. While many of the same principles apply when developing 
chemical-specific limits, there are some differences based upon 
regulatory and analyticalconsiderations. 

Characterization of impactc due to specific chemicals do not 
require a determination of the type of testing as is required for 
whole elfluent toxicity because there is generally only one type 
of test for swcific chemicals. However. thireare romeantecedent 
steps that'are unique to effluent characterization for specific 
chemicals: determinationof the chemicalsof concem and deter-
mination of acceptable ambient levels (RAC, CMC, or CCQ f6r 
these pollutants. 

Steps for Chemical-lpccmcEffluent Characterization Process 

Figure 3-5 illustrates EPA's recommendations for determining 
whether or not permit limitsneed to be developedaccordingto 
an evaluation of a limited data set. The following dlxusslon 
correspondsto the variousactivities shown in Fiaure 3-5. [Refer 
to the human health discussion in Section'3.33 for addiiional 
details on procedures to characterize the bioconcentration po-
tential of effluents.) 

Step 1: Identify thePollutantsof C w n n  

This process should begin with an examinationof existing data 
to determinethe presence of specific toxicantsfor which criteria, 
standards, or other toxicity data are avaliable. Sources of day. 
include the following: 

Permit application forms, pMRs, permit compliance sys-
tems (PCS), and permit files 

STORET for ambient monitoringdab 

SARA Tale illToxic Chemkal RekaseInventory 

industrialefflwnt guidelinesdevelopment documents 

The TreatabilityManual [61 

Wuent biioncentration assessment (seeSection 3.3.9). 

Dataon specificchemicalsthat aretypicallysubmittedwith NPDES 
applicationforms will consist of a limited number of analyticaltest 
mu lufor many of the reportedparamten. Where the regulatory 
authority has reasonto belimthat additional data for key param-
eters d concem a n  needed in order to adequately character-
ize the effluent, this information should be quested as a part of 
the applicationor, in some cases, through theuse of Section 308 
leners. Itis recommendedthat 8to 12samples beanalyzed for 
key parametersof concern. Insome cases, specialanalytical pro-
tocols m'll needto be specified in order to gather all appropriate 
information. 

Step 2: DetmnIne the Rasls for EsbabIIhlng RACI, CMCs, and 
CCCs ibr the PoNutantsof Concern 

The second step is to identify the appropriatewater quality stan-
dard, including designated or existing use, and criteria for use. 
ideally, the State water quality standards include aquatic life and 
human healthcriteria for the pollutantsof concem. Ifa Statedoes 
not have a numeric water quality criterion for the pollutant of 
concem, then one of three option; for usingthe narraiivecriterion 
may be uxd (40 CFR 122.44(dXIXvi)) to determine whether a 
dischargecauses, hasthe reasonablepotentialto cause, or contrib-
utes to an excursion above a narrative criteria because of an 
individual pollutant. Although the provisions of 40 CFR 
122.44(d)(l)(vi) are presented in the regulation in the context of 
permit limit development, these same considerations should be 
appliedin characterizing efflwnts inorder to determine whether 
limitsare necessary. The optionsavailableare as follows: 

Option A allows the regulatory authority to establish limits 
us-inga "calculated numericwater criterion" that the 
regulato!y authority demonstrates will attain and maintain 
ap$licable narrauve water quality criteria and fully protect 
the designated use. This option allow the regulatory au-
thority to ux any criterlon that ~rotectsaouatic life and 
humanhealth. T k s  optionalsoall& theuse'of site-specific 
factors, includinglocalhumanconsumotionratesof aouatic 
foods, the state< detennimtionof an ippropriate risk ievel, 
and any other cumnt data that may be available. 

Option 8 allom the regulatoryauthority to establish efflu-
ent limits using EPA's Water Quality Criteria guidance docu-
ments, if  EPA has published a criteria document for the 
pollutant supplemented where necessary by other relevant 
infomution. As discussed earlier, EPA criteria documents 
pmvidea comprehensive summary of available data on the 
effects of a pollutant. 



STEP t -
STEP 2 D*.rmlmRAC .War 

cMUCCC(orpo(luDm 

RAC availabls CMC aWor 
CCC avnllabb 

~ l~u t iond*.nnlnnlon 
for humn h.tm 

Notes: 
1 RAC and/or CMCICCC: Use State numeric criterion or interpret State narrative criterion using one of three options ymified under 40 CFR 

122,44(d). 
2 Dilutiondetermination: Perform for critical flow and for any applicable mixingzonesfor lquatic liie a d  human health protection procedures, 

respectively. 
3 Reasonable @tential: Use proceduresin Boxes 3-2 and 34. 

Flgun 3-5. Effluent Characterization for Spectfic Chemicals 

Option C may be used to develop limits for a pollutant of sameas were previously presentedfor whole effluent toxicity with 
concern based on an indicator parameter under limited onedifference: thereare two levels of dilution analysisfor chemi-
circumstances. An examole of an indicator ~ararneteris cal data. The first level is to use sim~lefate models based on a 
total toxic organics m0);'eftl~nt limits on Ti0are useful dilution analyris and comparison with the PAC, CMC, or CCC. 
where an effluent contains oraanic comwunds. However, The second level of analysis is to UK more C O ~ D ~ Xfate models, 
use of this option must be jusckd to show that controls on including dynamic models to estimate pcrsiste"ce, and may be 
one Wilutant controlone or more other pollutantsto a lml applied to lakes, rivers, estuaries, and coastal systems using a 
that will amin and maintainaoolicable Sitatenarrativewater &Moo calculat~ror micmcom~uter. EPA has & ~ w r t e dd&-~~~ ~~~~ ~ ~~ ~ r ,- ~ -~ ~ .~~ ~ 

quality criteria andwil protectaquatic life and humanhealth oprne{t of a second level of aruylir that esti&it&point source 
(see 40 CFR 122.441d)ll)(viXC)). Use of this ootion is re- wasteload allocations and nohwint source allocations and re-. ..,. .. ., 
itricted by regulation to those instances where it can be dicb the resulting pollutant concentrations in receiving waters 
demonstrated that controls on indicator wllutants serw to 171.- .  
control the toxicant of concern. Usingoption Aor Option B 
is a more direct and perhaps more defensible approach. Step 41:Dcdrion C r i W  b r  M Umlc D.vclopmart 

Step 3: Dilutlon Determination After this dilution a~ lys ishas been performed, the pmjected 
RWC is compared to the PAC, CMC, or CCC (either the State 

The third step is to calculate the effluent dilution at theedge of the numeric criteria or an interpretation of the narrative criteria as 
mixing zone. The pertinentfactors for consideration here are the described earlier). Whereas analysis of aquatic imp& should 



include evaluations with nrpcct to both the CCC and the CMC, 
a ~ w i rof human health lmpactr will only involve comparisons 
withthe RAC. The four pouibk outcomesbxussedab& in the 
triggers for permit limit developmt discussion in W o n  3.3.3 
al&apply here: 

Excursionabove the RAC, CMC, or CCC 

Rewnabk potential for ucunlon above theRAC, CMC, or 
CCC 

No reasonable potentialfor uwn ionabovetheRAC, CMC, 
CCC 

InadequateInformation. 

Ifthese evaluationsp r o mexcunions or the reaxrub* potential 
to cause or contribute to an excursion above the RAC, CMC, or 
CCC. then aocrmit limit is rmuired(40 CFR122.44ldXlXiiill. The...,. ., 
sGtLstical apbroach shown in' Box 3-2 or an analogous approach 
develowd bv a reaulatowauthority can be usedto determinethe 
reasonable doten&l. ~ffiuentsthaiare show not to causeor that 
have a reasonablepotential to cause or contributetoan excursion 
above an RAC, CMC, or CCC should be reevaluated at w i t  
reissuance. 

Where chemical-specific test results do not show a nasonabk 
ootentialbut indicatea basisfor concem dter considerationof the 
bther factors discussed in Section 3.2, or if thenwere inadequate 
informationto make a decision. the Dennit shouldcontain cheml-
cal testing requirementsanda &&ner clause. This clausewould 
requirereopeningof the permitandestablishmentof a limit based 
upon any test resilts that show effluent toxicity at levelsthat cause 
or have a reasonable potentialto cause or contribute to an ucur-
sion above the RAC, CCC, or CMC 

The previous section discussed how to characterize dfectr of 
specific chemicals, includingthose that maythreatenhumanhealth, 
to determinewhether or not adischargecauses, hasthe reasonabk 
potential to cause, or contributes to excursions above an water 
quality criterion. The primary disadvantage of this approach is 
that it does not identity all fluent chemicals of potentialconcem 
for human health. To help addnu this gap, EPA is developinga 
procedure for identifying pollutants with the propensity to 
bioconcentrate in fish tissue. This pmcedure is pmently in draft 
form and should not be used for establishingNPDES pennit limits 
until €PA releases the final document on the pmcedure. This 
section describes the outline of this procedure. 

The overall aooroach illustrated in Fbure 3-6 is a seven-ste~~ m -
cedure that ;id* with collecting samples and ends with d k l o p  
ina permitf luent Ihmits. The fluent charactedzaionN o  uniauc Figure 3-6. Procedure for Assessment and Control of 
tothis approach lies in Step 3. There are two alternativis unber Bloconcentratabk Contaminants In Sutface Waters 
this step: fish tissue residueandeffluent awsment. An analytical 
chemlstry laboratow with residue chemistry and gas chromato-
araphlmassspcctomczr (CC/MS) capabilityis neededtoconduct 
theanalyticaimethods for both b ~ t e m a ~ s .A summary of the 
alternativesfollows: 



.	ljlrve Residue Akmtiye: This alternative measures the 
concentrations of organic bioconcentratabk chemicals in 
tissue samples of indigenous organisms from the receiving 
water. Thii anahis iniolves thecollection of fish or shellfir6 
samples, the exiraction of the organic chemicals from the 
tissue and the anahis of U m e  utraN with CClMS to 
identify and quantifj. the bi icent ra tab le  contaminants. 
The procedure provides recommendatlonsto sort the results 
of this screening analysis in order to determine which of the 
Contaminants pose a h a r d  and require regulatory action. 
The approach~recomrnends that the ident6 of those con- 
taminants then be confinned prior to taking subsequent 
action. 

.-~ltemstive; This alternative measures the concen-
trations of organic bioconcentratabie chemicals in effluent 
samples from point source dischargers. This anahnis in- 
volws the coll&on of effluent samples, the extraition of 
the organic chemicais from the eflluent sample, and the 
seoaration of the chemicals that haw charactinstics known 
tdresuit in bioconcentration from the other chemical com- 
ponents of the effluent sample. This separation is achieved 
by way of an analytical chemistry methodology called high- 
pressure liquid chrornotography (HPLC). The HPLC aim 
separates (fractionates) an effluent sample into three 
subsampies or "fractions." There three fractions contain 
chemicais with increasino ootential to bioconcentrate. with 
the third fraction contai;ig those chemicals with the'high- 
est bioconcentration rates. Following HPLC fractionation, 
each fraction is then analyzed with GClMS to identify and 
quantify the bioconcentratabie contaminants. The effiuent 
procedure also provides recommendations to sort the re-
sults of the initial screening analysis to determine which of 
the contaminants pose a-hazarb and require subsequent 

regulatory action. The approach then recommends that 
the identilyofthose contaminants then be confirmed prior 
to taking further regulatory action. 

Whik both of the assessment alternatives described above may 
be used for a given discharger, generally one of these alternatives 
m y  be preferred by the regulatory authority. The regulatory 
authotitv would Kkct the assessment approach based on the 
availabk riteand facility-specific infomi ion and the objectives 
of theappliition. 

Although the approach provides a means to identify chemicals 
that can b'oconcentrate, itdoes not iden* all bioconcentratable 
chemicals. Chemicals that bioconcentrate include many organic 
compounds, and a small number of metals (e.9.. mercury and 
wienium) and organometals (e.9.. tributyltin). The new a p  
pmach is limited to nonpolar organic chemicals that produce 
mcasurabk chemical residues in aquatic organisms or that haw 
logoctand-water partition coefficients greater than 3.5. 

Analysis of dixharges for toxic substances requires special quality 
control procedures beyond those necessatv for conventional 
paramein. Toxicants ian occur in trace corientrat~ons and are 
frequently volatile or otherwise unstable. An EPA publicatton 
entitled. Test Methods-Tcchnicol Add~tmnsto Methods lor Chemr 
col~na&is01Woterand Wastes [a], contains sampling and han- 
dlina procedures recommended bv EPA for a number of toxic 
and-cbnventional parameters. ~dditionai metnods for analyses 
for toxicants are described in Standard Methods of Water and 
Wastewater Analyses (ASTM, 17th edition, 1989, or most recent 
edition) and 40 CFR Part 136. Chapter 5 discusses detection 
limits and sampiing requirements. 
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4. EXPOSURE AND WASTELOAD ALLOCATION 


4.1 	Ml'RWUclW 

At this point in the toxicr control process, a water quality problem 
has been identified. screening analysesmay haw been done to 
assess the extent of toxicity, or a m t 4 - d  allocation(WLA) 
based on an existing total maximum daily load (TMDL) may 
already have been established. A ~ D Listhe sum of the in&. 
vidual W& for pointsources and load allocations for(&) 
nonpolnt sources of pollution and natural background xwrces. 
tributar~es,or adjacent segments. W k  represent that portion of 
a TMDL that is ktablished to limit the amount of wllutants from 
existing and future point sources so that surface ivater quality is 
protected at all flow conditions. 

The TMDL process uses water aualitv analyses to predict water . . 
quality conditions and pollutant concentrat~ons. ~ i m i u  on waste- 
water pollutant loads are set and nonpoint source allocations are 
established so that oredicted receivina water concentrations do 
not exceed water duality criteria. ~Mbband W k l k  should 
be established at levels necessary to attain and maintain the 
applicable narrative and numerical water qualiv standards, with 
seasonal variations and a margin of safety that takes into account 
any lack of knowledge concerning the relationship between point 
and nonpoint source loadinas and water aualitv. Determination . 	 . 
of ~ b U i L band TMDb should take into account critical condi- 
tions for stream flow, loading, and water quality parameters. 
Conditions that will protect t h i  receiving water h a k k e n  deter. 
minea from State numeric or narrative water quality criteria. 

This chapter is divided into sections that explain the steps that 
precede establishment of a WLA and then the methods and tools 
(models) that can be used to determine the WLA. Section 4.2 
briefly discusses TMDb and how they relate to waters identified 
as requiring a water quality-based approach for toxics control. 
The section also discusses different WLA schemes. Sections 4.3 
and 4.4 discuss mixing zones, areas described as allocated impact 
zones where acute and chronic water quality criteria may be 
exceeded. Section 4.3 provides background information on mix- 
ing zones and discusses EPA's mixing zone policy and how this 
policy affectc the allowable toxic load that can bedixhargedfrom 
a point source. State mixingzonedimensions and the determina- 
tion of mixing zone boundaries are also dacussed. 

kction 4.4 discusses mixing zoneanalyses for situations in which 
the discharge does not mix compktely with the receiving water 
within a short distance. Included in M i o n  4.4 are discussions of 
outfaii designs that maximize initial dilution in the mixina zone, 
critical design periods for mixing zone analyses, and rnetj;ods to 
analyze and model near-fwld and far-field mixing. 

Section 4.5 discusses the calculations of the WLA and LA and the 
types of EPA-recommended mathematical models available to 
determine WLAI in completely mixed situations for both aquatlc 
I%and human health. The WLA models listed in Section 4.5 can 

be used to predict ambient concentrations and to calculate the 
effluent quality required to meet the criteria and protect desig- 
nated and existing uses Of the water. The data require- 
ments of each of these models are also descrikd so that the 
effluent characterization procedures dexribed in Chapter 3 can 
be designed to support the specific types of WLA modeling 
selected by the regulator. Section 4.6 discusses human health 
considerations and how to determine WbU for human health 
toxicants. 

EPA is currently working on methods to develop sediment criteria. 
Once developed, point source discharges could be funher limited 
to prevent accumulation of pollutantrin the bed sediment; such 
accumulation impairs beneficial uses. Although the criteria are 
not yet available for this document, they will be addressed in 
future documents. In the meantime, some of the models dis- 
cussed in Section 4.5 are capable of sirnulatino interactions behveen 
the water column and sediment and betwe& toxic transport and 
(randormation in the sediment. EPA is encouraging the States to 
consider the role of sediments in WLA. 

4.2 	 TOTAL MAXIMUM DAILY WADS AND WASTUOAD 
MwcATIOlls 

42.1 Tot#/ MU~EIWII&I& LO& 

The Federal Clean Water Act (CWA), under Section 303(d), re-

quires the establishment of TMDb for "water quality limited" 
stream seaments. In such seamenb. water aualitv does not meet ~,~~, -~~~ ~~ ~ ~ 

applicabl;water quality stan;ards d d l o r  is not expected to meet 
applicable water quality standards even &er the application of 
the technology-based effluent limitations. A TMDL includes a 
determination of the amount of a pollutant, or property of a 
pollutant, from pdnt, nonpolnt, and natural background sources, 
including a margin of safety, that may be discharged to a water 
quality-limited waterbcdy. Any loading above this loading capac- 
ity risks violating water quality standards. TMDb can be expressed 
in terms of chemical mass per unit of time, by toxicity, or by other 
appropriate measures. Permitr should be isswd based on TMDb 
where available. 

The establishment of a TMDL for a particular waterbody is depen- 
dent on the location of point sources, available dilution, water 
quality standards, nonpoint source contributions, background 
conditions. and instream oollutant reactions and effluent toxicitv. ~~~ 	 ~~ ~ ~ ~~ ~~~ 

All of these factors can afiect the allowable mass of the polluia~t 
in the waterbody. Thus, two issues must be determined in 
conjunction with the establishment of the TMDL: (1) the defin,. 
tion of upstream and downstream boundaries of the waterbody 
for which the TMDL is being determined, and (2) the definition of 
critical conditions. For the following discussion, the waterbody 
boundaries are delineated as the portion of the waterbody be- 



hueen the pollutant source (whether point source or nonpoint minimalw nonexistentin the absenceof precipitation(i.e., now 
source) that is farthest upstream and the downstream point at existent under low-flowdrought conditions). 
which water quality has ncovmd to the background qualw 
found above the pollutantsource that is farthest upstream. The The TMDL is a compositeof the allowable loads arsociated with 
delineation of critical conditions for sWam flow, loading, and point sources and nonpoint sources within the defined bound-
water quality parametenmay beymik to the lypeof waterbody aries of the waterbody segment andthe background loadings to 
and is discussed in W o n  4.4. that swment from upstream and from in-place sediments. 

Thrnf&, theTMDL should be miuated u&r conditions that 
TMDLs are establishedbasedonwater auailh, critnb pertinentto d e c t  worst-case(critical) conditionsfor bothpointand nonpoint 
the designated and existing urn for the w&rbody ln question. s o m  loadings (1.e.. low-flowdroughtandhighflowcondnions). 
TMDb are tradithnaily cakulated using Statewater quality stan- Determinnioo of the TMDL under these two scenarios would 
dads as aoalied to a~soecificwater&. Such a fmina of the identihrthe lower of the two loadinacawcities of the waterbodv.- -F

NDLto desired ~ater'~ualitycriteria &uiw i n f m & n  con- mis &capacity is necessary hprotect the waterbody h 
cemlngthe distributionof loadings within thenatekdy, n a d y ,  question. 
the locationsand relativecontributionsof pollutant-wffic Ioad-
ings from point, nonpoint, and background sources during ail In the case of design flows for human health protection, the 
flow conditions (40 CFR 130.2(f)). Low-flow TMDb, by by- 'harmonic meanflow isrecommended as the basis for TMDb for 
wives, will not be adequate insituations when nonpoint source carcinogens. Design flows for human health protection should 
loadings ( M )  during high or intermediate flow conditions cause c o n s i d c ~ w o ~ ~ c o n d i i o n s f o rbothpointandnonpoint source 
excursionsabove water quality standards (40 CFR 130.2(0). loadings under this flow condition(see Section 4.6). 

The loading capacity of TMDk have been determined in many 
was. but the most common method is to find the wllutant 
loakng that will attain and maintain applicaMe water quality 
criteria. For examule, in the Tualatin River Basin in Oregon, 
loading capacity wis determined by multiplying stream fl& in 
cr~ticaiflow periods by the poiiutant water quality standard (11. 
noth her methodof determining a loadingcapacify i s  by quantify-
ing instream toxicity. This method was used in developing a 
TMDL for the Amelia River in Florida [2]. 

The allowableTMDL is definedas the sum of the individualW k  

in many cases, V\I for nonpoint sources are diicult to assess 
becausethe informationneededto describe the wnoff awxlated 
with the high-flow storm events does not exist. This lack of 
informationis due to the highvariability of the events. Because of 
the importance of estimating the nonpoint contributions to the 
watertcdy, site-specific models may be required to estimate 
nonpointsourceloadings. Eventhen, detailed modelsarediicult 
to calibrate with accuracy without intensive monitoring studies, 
and simplistic conelations between loadings and rainfall can be, 
by their statistical nature, unreliable for estimating low-frequency 
events (e.a., worst 1Owar storm). The uncertainties associated 

and LAr:a marginof safety can be includedwith thetwo types of with nonhint source ioadings and background sources require 
allocations to ensure that allocated loads, regardkss of source, that theTMDLbe determined with asulficientmargin of safety to 
would not produce an excursion abow wateiqualii standards. allowfor significant variability in nonpoint source loadings. 
The W M  are those portions of the TMDL assigned to point 
sources; the Mare those portionsof the TMDL assigned to the CWA Section 303(d) and EPArqlulations(40 CFR Pam35 and 130, 
sum of all nonpoint sources and background sources (40 CFR January11,1985) require that TMDb containa margin of safety 
130.21f)). The backaround sources reoresent ioadinas to the "which takes into account anv lack of knowledaeconceminathe 
specifi waterbody or stream segment'that come fro; sources relationshipbetweeneffluenilimitations and wker quality."-~he 
outside the definedseament For example, loadingsfrom reaions margin of safety is  to take into account anv uncertainties related 
upstream of the sqkent and estimatk atm~phcricdepoition to d&elopmeni of thewater quality-based~ontroi,includingany 
of the pollutantwould constitutebackgroundsources. Sediments uncertaintiesin pollutant ioadings, ambient conditions, and the 
that are highly contaminatedfrom upstreamdischargesor histori- mod4 analysis. The sizeof the required margin of safety can, of 
caldischargesmightalsoact as a sourceof toxicantsand conbibute course, be reduced by colkcting additional information, which 
to the bacigrouid&I$ these sediments also may be part of th@ reducesthe amount of uncertainty. The margin of safety can be 
nonpoint sources. pmvidedfor in the TMDL process by one of the following: 

The TMDL reprerenu a massloadingthat may occur over a given Reserving a portion of the loading capacity to a separate 
time period to attain and maintain water quality standards. Ar a margin of safety. 
result, the designflows undowhich the TMDL is determinedcan 
significantly alter its value. This phenomenon results in a some- Includinga marginof safetywithin the individual W k  for 
wirat unus;al dichotomy. The designflow for aquaticlifeprotec- point scirces and within me Mfor nonpoint sources and 
tion most applicable to point source loadings (WLAr) usually backgroundsources. 
involve low-flowevents (e.gs 7910) becausethevdumes auoci-
ated with the point sources genenlly do not decrease with de. Most TMDb are developed using the second approach, most 
creased stream flow. Ar a result, the highest concentrations often through the use of conservativedesign conditions. 
associated with specific point source loads mruld be expected 
undcr lowflow conditions. Convenelv, ekvatednonwint source In addition, all W k .  LAr. and TMDLs must meet the State 
pollutantloadings (1.e.. urban, agricuitural) general$ correspond antidegradation provis~onsdeveloped pwsuant to the Water 
to storm events. in fact, agriculturaland urban mnotf are oftcn Quality Standards Regulation( W o n  131.12 of 40 CFR Part 131, 



November 8, 1983). This regulation establishes explicit proce-
dures that must be followed prior to lomring existing water 
qualitytoa levelthatstill supportstheSection lOl(aX2) "fishable1 
swimmable" goal of the Act. W M ,  M,and TMDLs that allow 
such a decline in water aualih, cannot be established unless the... 
applicable public particibatikn and intergovem-mental nview 
wuiremenb of the antiaradation provisions have k e n  met and 
all ;xisting uses are fully maintainedand protected. 

4.P.P ~ A l ~ ~ 
W k  for water aualitv-basedtonics Dermits must be set in accor-
dance with EPA ;eguiations [3,4]. EPAhas developed a number 
of WLA guidance documents to asslst ngulatory authorities in 
developing TMDb and WLAr. The EPA Office of Water Regula-
tions and Standards, Assessment and Watershed Protection Divi-
sion, maintainsthe latest listing of dl-WCAguidance documents. 
Toxic WLA guidance documents are currently available for rivers 
and streams [S],lakes and reservoirs [6], and estuaries [7]. Cuid-
ance for the determinationof critical design conditionsfor steady-
state modeling of rivers and streams also is available [a]. 

Table 4-1 lists 19 allocation schemes that may be used by the 
Statesto developW M .  This is not intendedtobe acomplhte list 
of a~~roaches;rectulatory authorities may use any reasonable 
alloCdiion scheme ihat m&ts the antidegradation ~ovisionsand 
other requirements of State water qbality standards 131. 

The most commonly used allocation methods have been equal 
Dercent removal. eaual effluent concentrations, and a hvbrid 
kethod. The eq;al percent removal approach can be applied in 
two wavs: the overall removal efficiencies of each pollutant 
source must be equal, or the incremental removal dficienries 
must be equal. The equal effluent concentration approach also 
can be applied in two'acceptable weys-equal finaiconcentra. 
tions or equal incrementalconcentrationreductions. This method 
issimilar to the eaual Dercent removal method if influentconcen-
trations at all souicer'are approximately the same. However, if 
one mint source has substantially higher influent levels, requiring 
equal effluent concentrations $11 result in higher overall treai-
ment levels for that source than the equal percent removal a p  
proach. 

The final commonly used method of allocating wasteloads is a 
hybridmethod in which the criteria for waste reduction may not 
bethe same for each mint  source. Onefacilitv may bea l l d  to 
operate unchanged, ' h e  another may be 'requked to provide 
the entire load reduction. Moreaften, a proportionalityrulethat 
quires the percent removal to be pripoitional to-the input 
loading can be assigned. In these caws, larger sources would be 
required to achievehigher overall removals. 

4.3 UlCOMWTUYMIXED, D18CHAROERECEMNG 
WATER mTlOi(8 

Mixing zones are areas where an effluent discharge undergoes 
initialdilution and are extended to cover the secondarymixing in 
the ambient waterlxdy. A mixing zone is an allocaied impact 

zone where acute and chronic water quality criteria can be ex-
ceeded as long as a number of protections are maintained, in-
cludingfreedom from the following: 

Materials in concentrations that settle to form objection-
able deposits 

Floating debris, oil, scum, and other matter in concentra-
tions that form nuisances 

Table 41. Wasteload Allocation Methods 191 

1. Equai percent removal (equal percent treatment) 

2. Equal effluent concentrations 

3. Equaltotal mass discharge per day 

4. Equal mass discharge per capita per day 

5. Equal reductionof raw load (pounds per day) 

6. Equalambient mean annual quality (mgll) 

7. Equalcost per pound of pollutant removed 

8. Equal treatment cost per unit of production 

9. Equal mass discharged per unit of raw material used 

10. Equal mass discharged per unit of production 

1la. Percent removal proportionalto raw load per day 

11b. Larger facilitiesto achieve higher removal rates 

12. Percent removal proportional to community effective 
income 

13a. Effluentcharges (dollars per pound, etc.) 

13b. Effluent charge above some load limit 

14. Seasonal limits based on cost-effectiveness analysis 

IS. Minimumtotal treatment cost 

16. Best availability technology (BAT) (industry) plus some 
level for municipalinputs 

17. ksimilative wpacity divided to require an "equal effort 
among all dischargers" 

18a. Municipal: treatment level proportionalto plant size 

lab. Industrial: equal percent between best practicabletech-
nology(BPT) and BAT, i.e., Allowable wasteload alioca-
tion: 

(WLA) = BPT- A-(BPT-BAT)
100 

19. Industrial discharges given different treatment levels for 
differentstream Rows and seasons. For example, a plant 
might not be allowed to dischap when stream flow is 
below a certain value, but below another value, the 
plant would be required to use a higher level of treat-
ment than BPT. Finally, when stream flow is above an 
upper value, the plant would be required to treat to a 
level comparable to BPT. 



Substances in concentrations that pmduce objectionable 
color, odor, taste, or turbidity 

Substances in concentrations that produce undesirable 
aquatic life or result In a dominance of nuisance species. 

Acutely toxic conditions are M n e d  as those lethal to aquatic 
organisms that may pas thrwgh the mixing zone. As discussed 
in Chapter 2, the underlying assumption for allowing a mixing 
zone is that a small area of concentrations in excess of acute and 
chrohic criteria, but b l o w  acutdytoxic releases, canexist without 
causing adwne elf& to the overall waterbody. The State 
reaulatowaaencv can decide to allow or denv a mixinazoneon a 
si&specikc bs i ;  For a mixing ;one to k the dis-
chamer should pmve to the State n~ulatoryawnw that all State. - .  
req$rements for a mixingzone are met. 

When wastewater is dischamed into a waterbodv. its transwrt,. 
may be divided into hvo -5s  with distinctive mixing charaAer-
istics. Mixingand dilution in the first stage are determinedby the 
initial momentum and buoyancy of the dixharge. This initial 
contact with the receivingwater iswhere the concmtrationof the 
effluentwill be its greatest in the water column. The design of the 
discharge outfall should provideample momentum to dilute the 
concenirations in the immediate contact area as quickly as pos-
sible. 

The second stage of mixingcovers a more extensive area inwhich 
the effect of initial momentum and buoyancy is diminished and 
the waste is mixed primarily by ambient turbulence. In large 
riven or estuaries, this second-stage mixing area may extend for 
miles before unifonlv mixed conditions are attained. In some~ ~~-~ 

instances, ~ u c has larger lakes or coastal bays, completely mixed 
conditions are never reached in the waterbody. The general 
definition for a completely mixed condition is when no measur-
able differencein the concentration of the pollutant (e.g., does 
not vary by more than 5 percent) exists across any transect of the 
waterbody. 

This section provides background infonation on the policy of 
mixino zones and the means to characterizethemfor use inWLAr 
(Section 4.5). The first subsection discusses the concerns that 
must be addressed when the boundaries and restrictions of a 
msxing zone are determined. The second subsection discusses 
the guidelines for preventinglethal conditions in the mixingzone. 

Allowable mixing zone characteristics should be established to 
ensure the following: 

Mixing zones do not impair the integrity of the waterbody 
asa whole. 

There is no lethality t o  organisms passing through the 
mixing zone. 

There are no significant health risks, consideringlikely path-
ways of exposure (seeSection 2.2.2). 

The Water Quality Criteria4972 [lo] recommends that mixing 
zone characteristicsbe M n e d  on a cate-byase basis aher it has 
been de te rm id  that the assirnilatbe capacity of the receiving 
svstem can safelv accommodate the discham. This assessment 
[hould take in& consideration the physical,-chemical, and bio-
logical characteristiu of the dixharge and the receiving system; 
the l i e  hlnory and behaviorof organisms in the receiving system; 
and thedesired uses of the waten. Nearly all States requiresuch 
an analvsiibeforethev allow a mixinazone 1111. Further, mixina 
zones hould not be permittedwhe; they may endanger criticai 
areas ie.o., drinkina water w&, recreatiomlareas, bmdinq 

EPA has developed a holistjc approach to determine.whether a 
mixing zone is tolerable [12]. The method considen all the 
impacts to the waterbody and all the impacts that the drop in 
water quality will have on the surrounding ecosystem and 
waterbodv uses: It is a multistep data collection and analnis 
procedu< that is partcularly sensitive to overlapping mixing 
zones. It i n c l h  the identification of dl upstream and down-
stream waterbodies and the ecologicaland cultural data pertain-
inq to them; the collection of data on all present and future 
diichames to the waterbodv; the assessment of relative environ-
mentalvalue and level of iktection needed for the waterbody; 
and. finally. the allocation of environmental Impactfora dischame 
applicantr Becauseof the difficulty incollecting the data nec-h 
for this pmcedureand the general lack of agreement concerning 
relative values, this method will be difficult to implement in full. 
However, the methoddoes s e w  as a guide on how to proceedin 
allocatinga mixing zone. 

Most States allow mixina zones as a ~ol icvissue. but omvide 
spatial dimensions to lim; the areal exient bf the Axing zones. 
The mixingzones are then a l l 4  (or not allowed) after careby-
case determinations. State regulations dealing with streams and 
riven gencraliy limit mixinq zone widths, cross-sectional areas, 
and flow volumes and all&lengths to be determined on a case 
by.case basis. For lakes, estuaries, and coastalwalen, dimensions 
are usually specRed by surface area, width, cross-sectionalarea, 
and volume. 

Where a mixing zone is allowed, water qualitystandards are met 
at the edge of that regulatory mixing zone during design Row 
conditions and generally, (1) provide a continuous zone of pas-
sage that meets water quality criteria for free-swimming and 
dr%ing organisms and (2jpr&nt impairment of critical reiource 
areas. Individual State mixing zone dimensions are designed to 
limit the imwct of a mixinamneon the w a t e ~ .~unhirmore. 
EPA's re& of State W& should evaluatewhetker assumption; 
of complete or incomplete mixing are appropriate based on 
available data. 

In river systems, reservoin, lakes, estuaries, and coastal waters, 
zones of passage are defined as continuous water routes of such 
volume, area, and quality as to allow passage of free-swimming 
and drining organisms so that no significant eff& are produced 
on their populations. Transport of a variety of organisms in river 
water and by tidal mwements in estuaries is biologically impor-
tant in a number of ways: food is carried to the sessile filter 



feeders and other nonmobile organisms, spatial distribution of 
organisms and reinforcement of k a k n e d  populations are en- 
hanced, and embryos and Larvae of some fish rpccis develop 
while drifting [I11.. Anadmmous and catadmmous species must 
be able to reach suitable spawning areas. Their young (and in 
some cases the adults) must be assured a return mute to their 
growing and living areas. Many species make migrations for 
spawning and other purposes. Barriers or block that prevent or 
interfere with these types of usential transport and movement 
can be created by water with inadequate chemical or physical 
quality. 

As explained above, a State rqulatory agency may decide to 
deny a mixing zone in r: s :e-specillc case. For example, denial 
should be considered wher, b~oaccumulative pollutants are in the 
discharge. The potential for a pollutant to bioaccumulate in living 
organisms is measured by (1) the bioconcentration factor (BCF), 

' 	 which is chemical-specific and describes the degree to which an 
organism or tissue can acquire a higher contaminant concentra- 
tion than iks environment (e.g., surface water); (2) the duration of 
exposure; and (3) the concentration of the chemical of interest. 
Whileany BCF value greater than 1 indicates that bioaccumulation 
potential exists, bioaccumulation potential is generally not con- 
sidered to be significant unless the BCF exceeds 100 or more. 
Thus, a chemical that is discharged to a receiving stream, result- 
ina in low concentrations, and that has a low BCF value will not 
criate a bioaccumulation hazard. Conversely, a chemical that is 
discharged to a receiving stream, resulting in a low concentration 
but ha&a a hiah BCF vaiue, may cause in a bioaccumulation 
hazard. iso ,  s k e  chemicals of &latively low toxicity, such as 
zinc. will bioconcentrate in fish without harmful effects resulting 
from human consumption. 

Another example of when a regulator should consider prohibiting 
a mixing zone i s  in situations where an effluent is known to attract 
biota. in such cases, provision of a continuous zone of passage 
around the mixing area will not serve the purpose of protezting 
aauatic life. A review of the technical literature on avoidance1 
akraction behavior revealed thkt the majority of toxicantselicited 
an avoidance or neutral resporw at low concentrations [131. 
However, some chemicals did elicit an amactive response, but the 
data were not sufficient to support any predictive methods. Tem- 
perature can be an attractive force and may counter an avoidanre 
response to a pollutant, resulting in attraction to the toxicant 
discharge. innate behavior such &migration may also supersede 
an avoidance response and cause fish to incur a significant e x p  
sure. 

4.3.2 	 iIlnImWn# dhsSk#ofMix11 lhn 
Concentrations above the chronic criteria are likely to prevent 
sensitive taxa from taking up long-term residence in the mixing 
zone. In this regard, benthic organisms and territorial organisms 
are likely to be of greatest concern. The higher the concentra- 
tions occurring within an isopleth, the more taxa are likely to be 
excluded, thereby affecting the smcture and function of the 
ecological community. It is thus important to minimhe the 
overall size of the mixing zone and the size of elevated concentra- 
tion isopleths within the mixing zone. 

4.3.3 	 ~ 0 f ~ I ~ b h r r l W ~ 
~ o t e rQuolity stondordsH O ~ M  [I 4) indicates that whether 

to establish a mixina zone policy is a matter of State discretxon. 
but that any state-policy dlov;ing for mixing zones must be 
consistent with the CWA and is subiect to approval of the Re- 
gional Administrator. The handbook iadditionat d#scus- 
sion rqard~ng the basis for a State mixing zone pol~cy. 

Lethality is a function of the magnitude of pollutant concentra- 
tions and the duration an organism is exposed to those concen- 
trations. Requirements for wastewater plumes that tend to attract 
aauatic lii should incornrate measures to reduce the toxicity . 
(e,g,, via pretreatment, 'dilution) to minimize lethalsty or an; 
irrevcnible toxiceff- on aquitic life. 

EPA's water quali'q criteria provide guidance on the magnitude 
and duration of.poiiutant concentrations causing lethality. The 
criterion maximum concentration (CMC) is used as a means to 
prevent lethality or other acute effects. k explained in Appendix 
D, the CMC is a toxicity level and should not be confused with an 
LC50 level. The CMC is defined as one-half of the final acute vaiue 
for specific toxicants and 0.3 acute toxic unit (TU,) for effluent 
toxicity (seeChapter 2). The CMC describes the condition under 
which lethality will not occur ifthe duration of the exposure to the 
CMC level is less than 1 hour. The CMC for whole effluent toxicity 
is intended to orevent lethalih, or acute effects in the aauatic ~... ..-~- r - , ~ ~ ~ 

biota. meCMC for individual toxicants prevents acute in 
allbut a smallwrcentaoe of the testd bus, the< swc,es. 
extent and concentration isopleths of the mlxing zone must be 
such that the 1-hour averaae exwasure of omansms pass~nq 
through the mixing zone is iess than th*e CMC: The organism 
must be able to pass through quickly or flee the high-concentra- 
tion area. The objective of developing water quality recommen- 
dations for mixing zones is to provide time-exposure histories that 
produce negligible or no measurable effects on populations of 
c r i t i i l  species in the receiving system. 

Lethality to passing organisms can be prevented in the mixing 
zone in one of four ways. The first method is to prohibit concen- 
trations in excess of the CMC in the pipe itself, as measured 
dirrctlv at the end of the pipe. kan example, the CMC should 
be mdt in the pipe whenwer a continuous discharge is made to 
an intermittent stream. The second approach is to require that 
the CMC be met within a very short'distance from the outfali 
during chronic design-flow conditions for receiving waters (see 
Section 4.4.2). 

ifthe second alternative is Kkcted. hvdraulic investigations 
and calculations indicate that the userof a high.velocity dis- 
charge wlth an Initial velocity of 3 meters per second, or 
more, together wlth a mixing zone spatial limitation of 50 
times the discharge kngth scale in any direction, should 
ensure that the CMC Is met wlthin a few minutes under 
practically all conditions. The discharge length scale is defined 
as the square r w t  of the cross-sectional area of any discharge 
pipe. 

A third alternative (applicable to any waterbody) is not to use a 
high-velocity discharge. Rather the discharger should provide 



, 
data to the Stateregulatoryagency havingthat* most rcrtric- required to produce an effect (including a delayed effect)in X 
tive of the following conditions are met for each outfall: prcmt of organismsupovd to a contatration qua1to C(n), 

the concentration in ikooleth n. ET(X) is experimentally deter-.The CMC should be met within 10 percent of the distance mined; theeffectis urualiymortality. If the summationof~ O Sof 
f r o m t h e c d a c o f t h e o u d a l l ~ n l a U r c d a c o f t h e  ex~retimclaettccttimeisleu~n1,thenthepcrcenteffect 
regulatory&lng zone in any spatial d i d o n .  - wiil not occur. 

The CMC should be met within a distance of 50 times the ..,, -ibr -discharge length wk in any spatial d i d o n .  Inthe case 
of a multiwrt dwser. this reauirement must be met for --~- ~ - - ~ -

each port using the~i&roprfat;discharge *ngth &is of Sutaare notq u i d  to allow mixing zones. Where unsafefish 
that wrt. This restrictionwill ensure a dilution factor of at tissue kvds or other evidence indicates a lack of assimiiat'i 
kstr10 within this distance unbr all possibk circum- opacity in a particular waterbody for a bioaccumuiativepollut-
stances. includina situations of e r e  bottom intem'on, ant. ore should k takm in cskulating diwharge lirnitr for this 
surface'interaction, or lateral merging. 

The CMC shouldbe met within ad i ioffivetimathe 
local water depth in any horizontal direction fmm any 
discharge outlet. The local water depth is defincd as the 
naturalwater depth (existingprior to the installationof the 
dischargeoutlet) prevailing under mixingzone designwn-
ditions (e.g., low flow for riven). This mbiction will PI'+ 
vent lbcating the discharge invery shallow environments or 
very closeto shore, which would resultinsignificant surface 
and bottom concentrations. 

A fourth altemative (applicable to any waterbody) is for the 
discharger to provide data to the State regulatory agmcy how-
ing that a drifting organism would not be exposed to l-hour 
average concentrationsexceedingthe CMC, or would not receive 
harmful exposure when evaluated by  other valid toxicological 
analvsis, as discussed in Section 2.2.2. Such data should be 

pollutant or the additivily of multiplebllutantr. In particular, 
relaxing discharge limits because of the provision of a mixing 
zone may not kappropiatein this situation. 

Proper design of a mixingzone study for a particularwaterbody 
reauim estimation of the distance from the outfail to the Doint
&& the fluent mixes completely with the receiving water. 
The boundaryis usuallydefinedasthe locationwhere the concen-
trations across a tranrect of the waterbody di#fer by less than 5 
oercent. The boundarvcanbedeterminedbasedonthe multsof a tracer study or the bse of mixing wne models. Both pnxe-
dum, along with simple order-of-magnitude dilution calcula-
tions, a n  discussed in the following subsections. 

coll&ed dunng environmental conditions that replicate critical If the diitance to complete mixing is insignificant then mixing 
cond~tions. zone modeling is not necessaryandthe fateandtransport models 

described in Section 4.5 can be used to pefform the WLA. It I s  
For the third and fourth alternatives, examples of wch data important to remember that the assumption of complete 
include monitoring studies, except for those situations where mixing ir not a conservativeassumption for toxic discharger 
collecting chemical samples to develop monitoring data would an assumption of mlnhal mlxlng is  the conservative ap 
be imoractical. such as at deev outfalls in oceans, lakes, or pmach. If completely mixed conditions do not occur within a 
embahents. Other types of data could include field tracer ihortdistanceofthe &fal l ,the WLA study should rely on mixing 
studies usina dye, cumnt meters, other tracer materidis, or dc zone monitoringand modeling, Justas in the case of completely 
tailed anal$cai calculations, such as modeling estimations of mixedmodels, mixingzone analysis can be pelformedusingboth 
concentrationor dilution iropleths. steady-stateanddynamic techniques. Staterequirementsregard-

ingthe mi~ingwne will determine how water quality criteria are 
The Water Quality Criteria-1972 1111outlines a method, appli- used in theNDL 
cable to the fourth alternative, to determine whether a mixina 
zone is tolerable for a free-swimming or drifting organism. 6 This +is divided into f i  s u b ~ ~ o n s .The first discusses 
methodincorporates mortalityrates(based on toxicitystudiesfor recommendations for oulfali designs and means to maximize 
the pollutant'of concern and a representative argani) along initialdilution. The secondprovid& a briefdescript~onof the four 
with the concentration ikopkths of the mixing zone and the maior w a W y  types and the critical design periodwhen mix-
length of time the organism may spend in each iropkth. The ing zone anaiysis ihould be performedfor iach. The third pm-
intent of the method is to p m t  the actual time of upowre vides a brief description of tracer studies and how they may be 
from exceedingthe exposuretime requiredto elicitan effect [I 01: used to define a mixing wne. The fourth and f i  subsections 

discuss s i m p l i i  methods and sophisticated models to predict 
the cm,staw of mixing 0.e.. dixharaeinduced and ambient-
induced miiing). For a aebiled explacationof the mechanisms 
involved in estimating both stages of mixing, two references are 
recommended, ~ o l l < ~and li& (151 and- Fischer et al. 1161. 

where T(n) is the exposure time an organism is in ikopleth n, and Although the models presentedin Sections 4.4.4 and 4.4.5 rim-
ET(X) is the "effect time!' That is, ET(X) is the exposure time p l i i  the mixing process, the assessor should have an undentand-

ing of the badc physicalconcepts governing mixing to use these 



models appropriately. (lhe U.S. EPA Center for Exposure A w s s - Many of the complexities of submerged diffusers have been 
ment Modeling [CEAM] in Athens, Georgia, pmvides an overview wmmrized by Jirka [18], Holley and lirka [I 51, and Roberts et al. 
course that teaches the basics of mixing and how the basics [I 9,20,21I. Submerged discharges should be designed to avoid 
should be used for water quality manqefnent.) direct surface impingement and bottom attachment of the sub- 

memed iet or iets. Surface and bottom im~acu should be 
It is important to note that the mixing zone models presented eval;ated at critical design conditions (low flowor high stratifica- 
here attempt to predict the dispersion and dilution of the eflluent tion) and at off-design condiiions (higher flow or lower stratifica. 
plume. They do not attempt to predict any removal or transfor- tion) to ensure the best placement and design of the diffuser. 
mationof the pollutants. In thenear feld, dispersion and dilution M f f u ~ npmvlde more dilution than single outlets, but the align- 
c a d  by discharge-induced mixing and then ambient-induced ment of the diffuser with the receiving water flow direction innu- 
mixing will be the major cause of toxicity reduction. If incomplete ences how much dilution will be provided. If the outlet structure 
mixing persists downstream (such as inthe case of shore hugging is directed parallel to the direction of flow, dilution under high 
plumes), then some far-field processes will become important. ambient velocities (off-design conditions) may be lower than 
Some of the models described in Section 4.5 that have sophisti- under low velocities (critical desian conditions). -
cated hydrodynamic simulation routine coupled with fate'simu- 
lation routines mav be usedfor these far-fie% incomplete mixinq - In rivers. the preferred arrangement for a subrnerqed discharqe is 
analyses. to d i e  the outlet Into the current flow directTon or vert&ily 

upward To deal with the reversing currents of estuaries and 
coastal bays, the preferred arrangemints for offshore discharges 

4.4.1 I*na\-hlMhlIhl#n are parallel diffuser alignment (tee diffuser) and perpendicular 
An imwrtant factor in maximizina the Initial dilution of an efflu- diffuser alignment ( s t a d  diffuser) ..1181.. In lakes and reservoirs. 
ent is'the design of the effluent outfail. There are three major the arrangement for a negatively buoyant discharge i; 
m s of outfali designs: surface discharoe from freeflows in a oipe to direct the diffuser verticaliv upward. A wsitivelv buovant 
dr' canal, singlep& submerged discKarge, and multiport ;&- vertically directed jet could pektrate stratification, so.the p&fer. 
merged discharge. The last type is often referred to as multiport ence for this type of discharge i s  to orient the diffuser at a slight 
diffu&rs. Of t<e three, therurface discharge type Is the ieast angle above the horizontal.-for ocean outfalls, initial dilution is 
favorable for toxic dixhargessinceit offers the least initial mixing. improved by longer (perpendicular to the shoreline) and deeper 
In oarticuiar. surface dischatoes at the shoreline of a waterbodv diffusers. Further. the wrts of the diffuser should be sufficientlv < 	 . . 
usually have an impact along the shoreline when there is signifi- separated to minimize merging of the separate plumes [22]. 
cant cross-flow and thus yield high surface concentrations. 

fm
Submersed discharqes offer more flexibilih, in rneetino the design 4.4.2 Mblcrl- hfM~ 
goals fo;toxic disch&ges. Submerged dikharges miy be in the T h i s h npmvidesabriddacriphofthef w r m @ w i ) w  
form of a single pipe outlet or of multiwrt discharges (diffuwrs) types and defines the critical design periods that should be used - . .  
giving rise to one or several submerged discharge 68. A typical &en performing mixing zone an;&& in each of these waterbody 
diiluser section is illustrated in Figure 4-1. Submerged discharges W s .  Appendix D pmvides a further discussion on the appro~ri- 
allow the effluent to be directed at different anaiesio the ambient ate selection of desian wriods < .  

flow t i  maximize thc initial dilution. ~H fuc r sarcp&ticularly 
effective in counteractina the buovancv of the effluent. However. 1). Riwn and Run-of-Rfver Reservoirs 
submerged multipon dicharges i re drily feasible in waterbodies 

. 

that are of sufficient depth and are not subjected to periodic Rivers and run-of-river rese~voirs are waterbodies that have a 
dredging or to considerable scour or deposition. persistent throughflow in the downstream direction and do not 

exhibit significant natural density stratification. Recommenda-
tions for hydrologically based and biologically based design flows 
for completely mixed, steady-state modeling of rivers are d e  
scribed in Appendix D of thidocument. The biologicaiiy based 

0.20 m r 0.15rn 
w ndwrdba, 	 design flware determined using the averaging periods and 

frequencies specifid in water quality criteria [a]. Also, the hydro- 
logically based ed 1QlO and 7910 for the CMC and CCC, 
respectively, have been used traditionally and may continue to be 
used for steady-state modeling. Runof-river reservoirs with resi- 
dence times ksthan 20 days at critical conditions also should be 
anabed using biologically or hydrologically based design Rows 
(see below). Regulated riven may have a minimum flow in excess I 	 of these toxicological flows. In such cases, the minimum "ow 
should be used in TMDL modeling, 

2) l a b s  and Resewoin 

This receiving water category encompasses lakes and reservoirs 
Figure4-1. ATyplcfil D ~ K I  W o n  [17l with residence times in excess of 20 days at critical conditions 



1231. Seasonal variations in the water kvel. wind meed and ~ r - - -~ ~ 

b lkt ion, and seasonal solar radiation should. be determined to 
define the critical =rid 1231. In the case of lona and narrow 
r e w i n ,  areas abwe thc i;lunge point O.e, a&s where no 
stream-like flow is present and waters are mixed or stratifid by 
density) can be analyzed as rims. The areas below can be 
analyzed as reservoin. Since fluent density relatiw to the ambi- 
ent water can vary over seasons, no one season or strauficatbn 
condition can be selected as the most critical dilution situation for 
all cases. In oeneral. all four seasons should be anahzed to 
determine themost chtical periods for mixing r o w  ana6ses. All 
seasonal analyses should assume an ambient velocity of zero 
unless persistent currents have been documented. Special anen- 
tion should be aiven to periods of risina water kvel since pollut- 
ants can move-back into coves and ~ccumulate und& these 
conditions. Location of discharges in coves and dead-end 
embayments should be prevented whenever possible. 

3) Estuaries and Coastal Bays 

This receiving water category encompasses estuaries, whlch are 
defined as having a main channel reversing flow, and coastal 
bays, which are defined as having significant lw*dimensional 
flow in the horizontal directions. For both waterbodies. the 
crit~cal design cond~tions recommended here are based on astro- 
nomical. not meteoroloaical. tides. - .  

Determining the nature and extent of the discharge plume is 
complicated in marine systems by such conditions as differences 
in tides, riverine input, wind Intensity and direction, and thermal 
and saline stratificaiion. Because of the tidal nature of the estudr- 
ier and coastal systems and their complex circulation panems, 
dilution of discharaes cannot be determined sim~lv bv calculatina 
the discharge rateand the rate of receiving water fiow (i.e., t h i  
design flow). For example, tidal frequency and amplitude vary 
significantly in different coastal regions of the United States. 
Furthermore, tidal influences at any specific location have daily 
and monthly cycles. These and additional factors require that 
direct, empirical steps be taken to ensure that basic dilution 
characteristics of a discharge to salt water are determined. 

In estuaries without stratification. the critical dilution condition 
includes a combination of low-water slack at spring tide for the 
estuaw and desian low flow for riverine inflow. In estuaries with 
stratilkation, a sce-specific analysis of a period of minimum strati- 
fication and a period of maximum stratification, both at low- 
water slack, should be made to evaluate which one results inthe 
lowest dilution. In general, minimum stratification is awciated 
with low r'wr inflows and large tidal ranges (spring tide), whereas 
maximum stratification is associated with high river inflows and 
low tidal ranges (neap tide). 

After either stratified or unstratiied estuaries are evaluated at 
critical design conditions, an off-design condition should be 
checked. The off-design condition (e.g., higher flow or lower 
stratification) recommended for both cases is the period of maxi- 
mum velocity during a tidal cycle. This off-design condition 
results in greater dilution than the design condition, but it causes 
the maximal extension of the piume. Extension of the piume into 
critical resource areas may cause more water quality problems 
than the high-concentration, low-dilution situation. 

Recommendations for a critical desian for coastal b w  are the 
same as for stratRW estuaries. The Griod of maximum stratifica- 
tion must be cornoared with theperiodof minimum stratification 
in order to seka the worst case. The offdesign condition of 
maximum tidal velocity should also be evaluated to predict the 
worst-case extent of the plume. 

4) Oceans 

Critical desian m'ods for ocean analms are described in two 
separate dduknts ,  the kction 30lih) Technic01 Support Dau-
men1[22] and the W o n  301(h) document, Initial Mixing Chor- 
octeristks of MunicipalOccon Discharges 1241. The following sub- 
section contains a summary fmm there documents. Uke dis- 
charges to crtuarw,discharges to ocepn waters are subject to 
two-dimensional horimntal flows. Oceanic critical design periods 
must indude periods with maximum thermal stratification, or 
density stratification. These periods shorten the distance of verti- 
cal diffusion that occun in the zone of initial dilution. Thus, 
during these periods it is difficult to achieve the recommended 
100-to-1 dilution that is to occur before the plume begins a 
predominantly horizontal flow as compared to vertical flow. Peri- 
ods when discharge characteristics, oceanographic conditions 
(sorina tide and neao tide cumnul. wet and drv weather wriods. 
Golog&al conditiok, or water quality condiGons that indicate 
that water aualih, rtandards are likely to be exceeded should also 
be noted. ihe.10th percentile vaiue from the cumulative fre 
quency of each parameter should be used to define the period of 
minimal dilution. 

4.4.3 ~ ~ P r rI l lorrmca SMlar 
A tracer or dve studv can be used to determine the areal extent of 
mixing in a 'watehy, the boundary where the effluent has 
completely mixed with the ambient water, and the dilution that 
results fmm the mixing. Analysis of the mixing zone with a dye 
study that is supplemented with modelina should be performed 
at fl& conditions that approach criticaiflow. some of those 
design conditions are summarized above in the subsections deal- 
ing &th specific waterbodies. once the critical design condition 
has bnnselected for a watubody, dye studies can be performed 
to ~ m i d e  data on the dimensions anddilution of the wastewater 
pltime during this critical period. Tracer studies other than dye 
studies (e.g., chloride, lithium) can be performed for cases in 
which the receiving water is amenable to such tests. 

For WLA studies in which a discharge is already in operation, 
tracer studies can be used to determine specific concentration 
isooleths in the mixina zone that reflect bath dischameinauced 
and ambient-inducedhxlng. The isopl;th concentr&ons, with 
effluent toxic concentrations, should be superimposed over a 
map of the various resource zones of the waterbody. The map 
will illustrate whether the State's mixina zone dimensions are 
exceeded, whether the required zone of {assage is provided, and 
whether the plume avoids critical resource areas. The WIA can 
then be calculated to provide the appmpriate zone of pasrage 
and to prevent devimental impaa  on spawning grounds, nurs- 
eries, water supply intakes, bathing are&, and other important 
resource areas. 

Obviously, ifthe outfall is not yet in operation, it is impossible to 
determine dischargeinduced mixing by tracer studies. Tracer 



studies can be used in these situations to determine characteristics 
of the ambient mixing. For ambient mixing studies, the tracer 
release can be either instantaneous or continuous. Instantaneous 
rebses are usw hquentiy to measure longitudinal dispersion, 
but can also be used to determine lateral mixina in rivers 11 51 and 
lateral and vertical mixing in estuaries, bays, r e k o i n ,  a i d  iakes. 
For waterbodies with significant flow docities, continuous r e  
leases of tracer are normilly used to detmine lateral and vertical 
mixing coefficients. Continuous releases can a h  be u x d  to 
&tennine three-dimensional concentration iso~leths for steadv- 
Mtecondition; The tracer study must be mod; at critical design 
conditions in order to use the results d i m l y  for WW. If a tracer 
study for ambient mixing is conducted at near.to-design condi- 
tions, the observed data can be used to determine dimensioniess 
mixing coefficients These coefficients can then be extrapolated 
to critical conditions using hydraulic parameters [IS]. A tracer 
nudv at near-to-critical conditions also w b e  used todetennine~ - -,~~ 

the computer model required to predict critical-condition mixing 
ana orovide the coefficients needed for that N D L  model. 

A number of references provide information concemina the de- 
sign, conduct, and analysis of tracer studies for m~xin~inalyses. 
Techniaues 01 IYoler.Resolrrccr Investigahoos 01the USCS provides 
the best overview of how to conduct tracer studies [25,26, 271. 
The fluorescent dyes (usually Rhodamine m,measuring equip 
ment, fiuorometers, field and laboratory procedures, and calcuia- 
tion methods are all discussed. The procedures essentially consist 
of adding dye to the waterbody and wording concentrations of 
the dye at various stations a1 specific time intervals. Fmmples of 
tracer studies for river systems are presented in Fivher [28]; Kis~ei 
1291; Hoiiey and lirka (151; and Yotsukura. Fisher, and Sayre [30] 
Examples of tracer studies in tidal systems are presented in W~ison, 
~ o b b ;  and Yotsukura (311 and netling and O'Connell[32], both 
of which are studies of the Potomac River estuary; Baiiy [33], a 
studv of Suisun Bav in California: Fischer 1341. a studv of Bolinas 
Lagion, a coastal b;ay in Marin County, ~a'iiiokia; and Cmckcr et 
ai. 1351. a study of Corpus Christi Bay. Texas. Methods to perlorn 
a tracer study in a reseboir are provided in Johnson [36].' 

The dye study recommended for obtaining a quick saltwater 
dilution assessment is one in which Rhodamine WT dye is admin- 
istered to a discharoe and monitored in the receivina waters for 
not less than 24 ho&. The basic goal of this study i s 6  determine 
the near-field nature of the effluent dilution. not the steadv-state 
or tar-field dilution. The environmental anddischarge conditions 
selected for the study shouid be those that would elicit "worst- 
case" conditions (i.e, highest ambient concentrations in the re-
ceiving water). These include low wind, neap tide (tide of mini- 
mum range occurring during the 1st and 3rd quarters of the 
moon), plume trapping by density straWiwtion, low rainfall and 
low riverine input and, if possible, high effluent diharge. 

The dye should be administered to the efflucnt before discharge 
to the receiving water in proportion to effluent flow rate. Dye 
should be maintamed at a concentration in the effluent sufficient 
to permit detection of th6 dilution ratio of interest when the 
amount and variability of background fluorescence in the meiv- 
ing water are taken into account. Measurementsof dye concen- 
tration are made using a fluommeter and should be comcted for 
water temperature. 

A survey of background fluorescence and its variability in the 
anticipated mixing zone must be conducted just prior to the 
beainning of the study in order to wrmit comction of fluons- 
ceice dab and to &mine the dye concentration rquired in 
the dRuent. Since Rhodsmine WT dye k bleached by free chlo-
rine, a preliminary study of the dcg& of dye bleaching by the 
dRucnt should precede the Itudy for chbrinated discharges to 
avoid undwnimation of the &t of the mixing zone. Dye 
concentrations should be suwcyed for two successive slack tides. 
and for anv other conditions that could lead to concentration 
maxima. <uV should extend fmm the point of diwharge to a 
distance at which the effluent dilution ratio of interest is attained. 
The dye fluorescence at this point should be at least twice the 
variability in background fluomcence. . 

EPA has completed two TMDL studies to test the procedures 
outlined in the ~revious version of this document. Both studies 
used dye to det&nine the mixing zone and the dilution within it. 
The first studv was ~erformed on the Amelia River. an estuarine 
system in ~idrida 121; the second was performed on the Green-
wich Cove, an embayment of Narragansett Bay in Rhode Island 
(37). In both studies, Rhodamine V?r dye was introduced con- 
tinuously into the effluent and numerous stations were set up to 
measure the spatial and temporal distribution of the dye. Both 
studies are good examples of how to perform a dye study in 
complex tidal systems. 

4.4.4 ~ I r * r # I M w a g  
The first stage ofmixing is controlled by discharge jet momentum 
and buoyancy of the effluent (see Figure 4.2). This stage gener- 
ally covers most of the rrguiatoly or near-field mixing zone. It is  
particulady important iniakes and reservoirs and siow moving 
rivers since ambient mixing in those waterbodies is minimal. 

in shallow environments, it is important to determine whether 
near-field instabilities occur. These instabilities, associated with 
surface and bottom interaction and localiied recirculation cells 
extending over the entire water depth, can cause buildup of 
effluent concentrations by obstructing the effluent jet flow. There 
are no simple means to estimate dilution in these cases. Criteria 
for these instabilities and s~ecialiied ~redictive models have been 
developed to address the& problem; [13]. 

In theabsence of near:feld instabilities, horizontal or nearly hori- 
zontal diicharges will create a clearly Wined iet in the water 
cdumn that 211initially occupy oniy a ma i f  fraction of the 
available water depth. The following equations and models are 
daigned to describe mixing under naMe mar-f&d conditions. 

1) Use of a Simplistic Screening Equation 

A minimum estimate ofthe initial dilution available in the vicinih, 
of a dixhargc can be made using the following quation deriveb 
from information in Holley and Jirka (1986) (1 51: 

5-0.3 2 
whwe 

S = flux-averaged dilution 
x = distance from outlet 
d = diameter of outlet. 
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The c&cient 0.3 representsthe average of two values derived 
from the literature, 0.28 [161and 0.32 [381. 

The eauation ~rovidesa minimumestimate of mixina because it 
'is bas& on &e arrumptions that outlet velocity is G m  and the 
discharae Isneutrally buwant. Dilution may be underestimated 
for pa<a1iy full &uu the quation assumes a fully Row-
ing pipe. The equation can be used in invm'form to solve for 
t h i  dhircharm x at which a desired solution-for examole. that 

determining whether criteria will be met at the edge of the 
regulatorymixingzone. 

2) Use of DcWkdCarnputer Models 

More detaikd design data for the mixing zone can be obtained 
from the use of computer models based on integral jet tech-
niqws. It is imponant to note that most models represent an 
idealition of actual Rdd conditions and must be used with 
cautionto enwre that theunderlyingmodelassumptionsholdfor 
the sitcspecYicsituationbeing modekd. Ingeneral, these buoy-
ant jet m&s requirethe foli&ng inputda&: discharge depth, 
efflwnt flow rates, dens.* of effluent, density gradients in receiv-
ingwater, ambient cunent speed and direction, and outfallchar-' 
aneristics (port size, spacing, and orientation). Model ouQut 
indudes the dimensions of the plume at each integration step, 
time of travel to points along the plume centerline, and the 
averagedilutionat each point. 

Described below are six mixing zone models that are available 
through EPA All of themodels requirea userwho is well versed in 
mixingconcepts and the data necessary to run the models. The 
fint model, CORMIX [40,41], may be the most useful to regula-
tonsince it is an expert system that guides the user inselectingan 
apompdatemodelimastrateqy for riversor estuaries. it is available 
&m ihe National~&hnicaiinforrnationService (NTIS), and user 
support is available from the U.S. EPA CEAM. The other models 
k k develooed and desianed for ocean discharaes. All but one 
can be used'on riven, hkk, and estuaris with aiipropriate input 
modificationc UPLUME is restricted to staanant water envimn-
men6 w h e i  the ambient water current Geiocity is zero (e.9.. 
lakes, reservoirs). 

Them fve models were designed for submerged discharges in 
oceans. They all report diiution, and ail terminate execution 
when the vertical ascent of the plume is zero (e.g., when the 
plume reaches the surface or when plume density is equal to 
ambient density in some stratified systems). With the exception 
of CORMIXI. thw ail assume that there is a "deed' receivina 
stream(i.e., no b&om interference). They too areavailablefro; 
M S ;  and user suDwrt is orovided bv the U.S. EPA Haffleld 
~ a r i kScience ~ e i t e rin i;lewport, &on [241. These five 
models have been modified such that the user inputs the data 
into a uniwnal data format that allom the user to apply any of 
the five modelswith only minor input changes. 

CORMIX isaseriesof softwareelementsforthe analysisand 
desian of a submemed buovant or nonbuovant dixhame 
conkning conventional ortoxic pollutani and entering 
into stratifid or unstratified watercourses. with emohasis- - ~~~ 

~ - - ~~~ ~~ 

co&knding to theCMC--has been achieved. The qbaiion is on the geometry and dilution charactcri&cs of the'initial 
valid onlv close to thedischame. UD to a dinance coneswndina mixing zone. Subsystem CORMiXl deals with sinale-wrt 
to reverii(twoto three) wate;&s. At longer distan&s, oh; dischGgu, and subsystem CORMIX2 addresses 6ultiport 
facton are of increasina imwrtance in kt mixina and must be diffusers. Thesystem operateson microcorn~uterswith the- .  
included. MS-DOSoperating+ e m .  CORMiXl can s'ummarize dilu-

tion characteristicsof the proposeddesign, flag undesirable 
Mixing graphs that include the elfects of discharge buoyancy, designs, s'vt dilution characteristicsat s&fieb boundanes 
ambient velocity, and stratification can be found in Hoiky and (I.c., kga and toxic mixingzones) and recommenddesign 
llrka 1151. Fischer n ai. 1161. and Wriaht 1391. Thev are urcfui to alteratbnsto i m mdilutioncharacteristics. The CORMlXl, -. '. . .. -

account for these other initial dilucon yacion akd can aid in program quid& the user, based on the usefs input, to 



appropriateanalyses of design condltionsand mixlngmne U there is no dkhargcinduced W c a l  mixing associated with 
dimensions. thej*actionofthedischarge,thenmixingmrthedepthofthe 

waterbody must be accomplished by ambient mixing. For a 
UPLUME is an initbl dilution modcl that can be u d  for rmtnlly buoyant ~olubkfluent dischargedwith bwdocity at 
staanant waterbodies, ruch as lakes and resewo~rs,where the surfaceor at the bedof a Weam, the Row disbncerequiredto 
the-ambht cumnll can be assumed to he nm. The achieve com~ktevetticai mixina is on the order of SO to 100..- .. ..-.-. 
m o d  simulates iibmwgcd singk-pon discharge. The times the &th of water inthat + o nof the channelwhmthe 
bowancv beIween the f luenI  and ambkntwater o n  be fluent is dischamed I421. for a dischaw Uut is eWer rihter
~ ~ 

acc&nt;d for, and the discharge can k given a vetticai (posi i ly buoyant) or k v k  (!yaw& buoyant) than the 
anak. UPLUME calculam fluxamrqcd dilutions and. for ambient water, but Sill has no ucac momentum, the Row 
04output option, icenterline dil&n. 

UOUTPlMcankusedinflming andmnantwncrbodC. 
The user specHicr the cumnt sped of the ambient water, 
and this speed is assumedto be connantwith depIh. The 
modelsimubtesa sub@ singkpottdiirge. Buoy-
ancy k w e nthe fluent andambient water o n  be mod-
ded, as well as the dischargevertical angle. The ambient 
current is assumedto be perpendicular to the diffuser. 

UMERGE is a modelthat can also kwed for bothflowing 
and stagnant waten. It has capabilitiu that U O U T P ~ ~  
dou not hwe: it considers multiplesubmergedports, and 
the user o n  specify arbitrary a m k t  cum; y;ced vatia-
tions with depth. The ports a n  auumed to be equally 
spaced. The model ac&nts for adjacent plume inkriu-
ences over the course of the plume Ira* and in the 
wbseauent dilutbn calculation. Positive buovancv is ac. 

di ince for mixingm r  the depthwill be gmter. Inthe n m l  
casewith a hiqh-vclocity k t  designed to pment kIhali in the 
mixlmmne. &na om the d&th will be accomolirhcdmima-
rib6~6,a 2 the dim& requiredforthisk c a l  ;nixing 
will be muchdrortcr. 

In-1, ambient mixinamustalso accomdirh mixinaom the 
&of a waterbody to-bring the eflikt to the &pktely 
mixedcondition. For situations where the width of the zone that 
is mixed by the dischargcinduccdmixing is much smaikr than 
thewid(h of the rivcr, theflow distance&,) muired to a c h i i  
the compktely mixedcondition may be fmm anqua-
tion of the form [l6]: 

countidfor, and the diiharge W c a i  angle &n b;modi- W = widthofthe river 
fied. The ambient c u m 1is uwmed to kcerrrmdiwbr u = flow vdocii for the criticaldesianflow. . 
to the diffuser. Dy = lateraldispkion coefficient as ~scussedkiow 

m = aparameterwho% value d e w s  on thedegree of 
UDKHDENis a thm-dimemio~imodel that can be used uniformity uxdto define "compkte mixing" and 
for flowing and staonantwaIefbodies. It has all the capa- onthe tnnmne locationof the outfall inthe 
bilities O~UMERGE~~USthe ability to simulate insIan&s stream. 
where the amb'cnt wmnt flow Isnot perpendicular to the. . 
diffuser. 

Ifcompletely mixed co;rditionsare defined asa 5-percent varia-
UUNE models a vntiul doti* dischame into a Rowina - blon.in.mnnnmtion'm the mslm width. the value of m 
waterbody, The dischargeaGk isauunqed Iokpeplc would be appmximatcly 0.1 for a d i r g e  &r the center of 
dicular to ambient cumnt The ambient cumnt mav vaw rimRow(notthecmterof rimwidth)and a~~roximatelv0.4 for 
with depth, and the axis of the diffuser may ran&& a discha& near the edge of the &r. H,'because & other 
paralleltoperpendicular to theambientw m n t  The buoy- uncertain*, a 25-percent variation the width isaccepted 
ancy of the effluent can also be m u .  asbeingcompktdym'ued, then thecompanding values for m 

m i d  kaDDrO~imatel~0.06 for a discharae near the center of 
An evaluationandcomparisonof allthese modelso n  kfoundin rimRowandapproxi&ldy 024fora disch;lrgeneartheu!qe of 
the Tuhn~colGuidance Monuol (Or Petfanning Wostekud AYom the rivcr. ForawwllRMm. X, mav be onlv a few hundred 

feet for medium ind largestreamr,'~, bnomdliy several miles 
to sevemltens of miles. 

Thc lateral d i n coefficknt 0.)for most riven can be 
The quationsfor dischargcinduced mixing can be used to prr- calculatedwith the followingquatio~[16]: 
dicI concentrations in the regulatory mixing zone &re NOng 
jet mixingpredominatesover-amb&t mixing. ByDndthis point. Dy =0.6 du. + 50% 
the mixing b controlkdby ambient turbuknce. Thus, ambient whm 
mixingmodels must kukd to pfedidthe pollutant concentra- d = wandepth at designflow 
tion distributions up to the stage of complete lateral mixing to u* = shear velocity. 
provide boundary condltions fo; the completely mixedfateand 
transport modelsdescrikd in kction 4.5. This informationalso The coefiicknt (0.6) can vary fmm 0.3 to above 1.0 depending 
may be neededtoestimateconcentrationsencounteredat impor- on the type and degree of irregularity of the channel cross-
tan1resource areas or at subsequent dwstream di i rgefs.  sections. The more might  and uniformthe Rav, the lower the 



value; the more lmgular the flow (mklnghum-, ridemll theeffluemtoprrroutdtheunrmWicdpartoftheWry,the 
interfme, etc.), the higherthe value. Valw a p p d i n g  and time required for the effluent to par into a segment of greatiy 
exceeding 1.O are normally &tad with rignWnt channel changed aou-section, or the time required for the substance to 
.mndering [42].The following quation for shearvebcltyrhould dcuy. Wha, the above qurtknr for Wlks are used, the 
be used 1161: nbcitvofthedaianfiowrhouldindudethevelocity~tad 

w i t h t k i n ~ o w d ~ r r w d 1 . r ~ t i d . l v d o t i 3 : t h u s ~  
u* = @&)'I2 which b based on m werage ton1nlocny;bwLutituIed for u in 

nilere the quations ud shear &city becomes 
g = accderation due tognvity 
s = slopeof thechannel U' =0.1 0 y. 
d = mterdepth. 

The CORMIX eu& NNm model can also be used to obtain 
For di(furen that initialiv spread the discharge acmrr a rlgnWiunt prrdiccionr for &e arn.bicnt-indd mixing. In addition to the 
pm dthe nvlr width kr b r  taxi nilere tfu dischaq&nduccd mutina for diir&nduced miung. thk model also includes 
mixina causes mixina across a significant pmof the rinr width. pdiaive ckmenu-&t apply to ambient mixing in rinhne, lake, 
the v i w  of m andX, o n  bermalkr than the ones indicaIed oi  coastal situations. 
hem. For distaw greater than X, the models for completely. 
mixed effluents discussed in W o n  4.5 o n  be used to calculate 
concentrations at Ihese distances. For shorter dbnces, mu& 
mum concentrations o n  be much greater than those predicted 
by "cmpkIeiy mixed* mod& and should be estimaIed ruing 
the fdlowina eauation: 

At the present time, most States and EPA Rqlons use steady-state 
modelsIhaIassumethe h compktely mixed with the 

~7~ , 
rrcdving mten in order to calculate WUr fw contaminants. 

where This approach h a e t e f o r  wmentioMl contaminanuwhere 
C. = maximum pollutant concentration distance x from critical nvironmental effects are quxW to occur far down- 

the outlet stream fmm the source. W l A  for g x k  chemiils require a 
C, = effluent concentration d M t  approach, homm, because critical nvimnmental con- 

= design fluent flow ditionroccur mrr the dkhame before COm~kte mixino with the 
Q, = dcrign stream flow s&ing water occurs. ~or&uen~y, mixirig a n a m  Lould be 
D, - lateral dispersion codficient a e r f o d  because manv of these toxicants can exen maximal 
X' = distance from theornkc k c t l y  in a n&yof & i s  spanning from thedhcharge point 
W = stream width to significant d b n c a  downmeam. 
u = flow velocity for the design flow. 

Ifw m W  mixina ocwn mrr the dischame win t  such as in 
IIshould be noted that this estimate of C, is a wont-case predic- effluen'tdominad receiving meams, then><ady.&te models 
tion since the quation awmes no significant dirge-induced mw be used to calculateTMDb. Recent €PA developmenu in 
mixing and a neutrally bwyant effluent. A more accurateway to , . U6ldmtlfication.d oltical design flows based on toxicological 
&id concentrations within this second s W c  of mixina bto use concerns pmvidc for better usednedy-state models in calculat- 
ihe M o d s  of VoUukura and Saym [42]. l% ing toxi;WUr. H-, Ucompkte mixing d m  not occur mar use thh ipprorch, 
homwr, the value of Dyand pollurant concentrations lher dii the discharge pdnt and the efflunt plumeisdiramible downnk, 
chargcinduced mixing must be known fmm tnar studies and1 then modcling Iechniques that can simulate a d  predict mixing 
or from the use of w of the discharpinduced modeh. conditions are mom appropriate. The mixing zone models pre 

mted in the wcvious wction mav be used to define the mixino 

The PSY model can be used to predict a m k t  mixing in shalbw. ron.&, they only de&ine the diipnion and dllutio; 

freshwater &oms where water dew is mull In p r ~ p ~ r t i ~ n  of the fluent and do not account for chemical or bioloalcal 
10 

the width. PSY is a steady-state, twodimensional plume model pmc- in the mixing zone. TMDL models are availabkkat 

that predicts dilution of a surface discharge into a M k w  naiv- can simulate mixina procorn and predict areas of maximal 

ing water whcmtheplume a ~ c h c r  to both b o w  and ~ n h o m  wncenvnions in Uk k x i i n g  rou& based on ckmical, bio. 

[43]. UnHorm verIkal mixing hw m c d  lo Occur aI the point d kgical, and physical pro<-. 
- . . 
discharge. 

Ambient mixina is minor for laka and mefvoin because flow 46.1 w-r-
velocity is a~umedto teMinimal and mixing i s  accomplishedby 1) SW-swc Modeling Techniques 
meanr of thedischarae momentum and buoyancy. For atualks 
that are completely Gixed with rqard to din&, the ~ u I U Q ~ ~  A steady-ate model requlm singk, constant i n p a  for fluent 
presented above can be used to &mate concentraUw be-n Row.effluent cwcntnrkm, background nccinngmterconcen-
the wtk t  and the point of compkte mixing with lslight modii- tration (RWO. M n g  water Row. and metmmlogicai condi- 
cation of shear velocity. The above WuationS will be rpplicabk to Mns (e.g., Iernperature). The frquency and duration of ambient 
only unnntiied estuaries since the time required to mix aopu wncmtntioru predicted with a nedy-state model must be as. 
the enuary must be significantly less than the time wuired for sum& to qua1Ihe frequency and duration of the critical receiv. 



ing water conditions used in the model. The variability in effluent acu t~design flow and the allowable load that will meet the CCC 
flows and concentrations also affects RWCs, but these effecu at the chronic design flow. Calculation of these values will enable 
cannot be predicted with constant inputs. Steady.state models the permitmiter to calculatethe more limiting long-termaverage 
can be imorovedfor toxic WLAr by means of the followina: (LTA) for the treatment system and develop permit limits protec--

tive of bothWLAr (see Chapter 5). 
Using design flows that will ensure criteria compliance at 
the appropriate durationand frequency. In addition to stream design flow, steady-state models require 

design temperature, pH, alkalinity, and hardness, depending on 
Calculatingboth acute and chronicW k .  the pollutants modeled at site-specific conditions. To determine 

stream design temperature, pH, alkalinity, and hardness, a pro-
EPA is encouraaina the States to adopt two-number aquatic life aram called DESCON was developed. (See Appendix D for 
water quality chte;ia and is using thern in WLA studies. 'hb ient  additional information.) DESCON i s  a compute; program that 
water quality criteria have been established for numerous toxic estimatesdesign conditions for WLA modeling. These cond~tions 
wllutanu. ihese criteria soecifv an acute concentration l C M 0  are based on-malntainina a desired limit the freauencv of r - - - - ,  . . 
and a chronic concentration (criteria continuous concentration, water quality excursionsina receivingwater. DESCONconsibers 
or CCC) for each toxicant. as well as durations and freauencies of the effectthat daily fluctuations in stream flow and water auality 
expos";e for the two concentrationM s .  lhe designflows used conditions. such aitemperatureand pH, haw on the variab/lity df 
in steadv-state modelina should be reflective of the CCC and the capability of a keivinp water to accept pollutant loadings. It 
CMC dirations and freqiencies. The duration of the design flow 
is based on the maximum exposure time that will prevent acute 
and chronic effects. The duration of flow is assumed to apply to 
the duration of the allowable dnuent concentrationor load. For 
example, if the flow used is a 7day average value, the allowable 
load is considered to be a 7-day average. The returnfrequency is 
based on the number of years~requiredfor biologicalpopulation 
recoveryafter criteria have beenexceeded. Appendix D describes 
the toxicoloaicalbasisfor selectina receivina stream desian flows 
for steady-state modeling and re&mmend;specific design flows 
for CCC and CMC calculation of TMDb for riven and streams. 

In summary, there are two types of design flows, hydrologically 
based and biologically based. The hydrdogicaUy based design 
flows arethose traditionally used by the States, inwhich the 7910 
flow is used as the CCC desian flow and the lQ lO is used as the 
CMC design flow. The biol~icallybased method uses the 1-day, 
)-year durationfrequencyfor determining the CMC design flow 
and the 4-day, 3year duration-frequency for determining the 
CCC design flow. Consequently, the biologically based design 
flows are ba?edon specific toxicologicaleffects of a pollutant and 
biological recovery times from localized stresses 161.The advan. 
tageiof both types, as well as how they may be calculated, also 
are described in Appendix D. 

A Cday, 3-year biological design flow does not equate to a 493 
hvdrolwical desianflow. EPA has determinedthat a493 desian 
flbw would result-ln an excessive number of water quality crit&a 
exceedances. As explained inAppendix D, a hydrologicallybased 
7910 will, for most streams, be similar to a biologically based 4-
day, 3-year design flow. 

At the present time, there are no recommended toxicological 
flows for steadv-state modelina of lakes. reservoirs, or estuaries. 
The design cdnditions recom&ended for these waterbodies in 
Section4.4.2 are basedon hydroloaicaland mcteomlm'cal con-

specifihlly accounts for ihe withinyear correlations obcrved 
between such variables as stream flow, temperature, pH, alkalin-
ity, hardness, and dissolved oxygen. DESCONdetermines design 
conditions using a four-step process(seeFigure4-3): 

1) A long-termrecord of observed stream flows and pertinent 
water quality data are assembled or synthesized. 

2) The maximum allowable pollutant load that the receiving 
water can accept without causing awater quality excuniok 
is computed for each day of this record. 

3) This synthesired record of allowable loads is searched for 
thecritical load, i.e, the loadwhose frequencyof not being 
exceeded matchesthe desired water quality excursion fre-
quency. 

4) Desian conditions are then derived from receivina water 
condtions realued during the period of record when the 
computed allowable load was closest to the critical load. 

DESCON providesthesame advantages as continuous simulation 
bv considerina the ioint occurrences of stream flow and other 
water quality parameters as observed in the historical record. In 
addition. it is more comPutationallv efficient it contains a facilitv 
for extracting and analizing flow-and water quality data fro; 
STORET; it can use both the extreme value and the bioloaicallv 
based methods of calculating of water qualityexcursions: a id  it b 
specificallydesignedto handlesuch Wflutantsas ammonia, heavy 
k l s ,  ~ntaihlorophenol,and Gochemical oxygen demand 
(B0D)for whichwater quality criteria antunctions of such design 
condition varhbks as temwrature. DH. alkalinitv. hardness. and 
dissolved oxygen. The mbin limi&.kons of DE~CONare that it 
quires at least 10 years of historical daily flow data and it can 
only analyze a single dixharger, edge-of-mixing zone dtuations 
(or a s imgl i f i  Streeter-Phdps dissolved oxvaen resmnse for,-

ditions rather than on toxicoiogical-hurationand frequency data. BOD). ' 

These conditions should be used until further guidance is pro--
vided. 2) Dynamic Modeling Techniques , 

Another imorovement in steadv-state toxics modelino can be Steadv-state modelina considersonlv a sinale condition: effluent 
reallzed by &rform;ng two wpa;ate W k ,  one for the ?MC and flow ;nd loading arrassumed to & conhnt. The ampact of 
one for the CCC. Steadv-Mte WU\ models should be used to rueinna water flow vanability on the durat~onlor wh~chand 
calculate theallowableeffiuentloadthatwill meet theCMCat the fquen& with which criteria ;re exceeded is implicitly included 
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Flgure 4-3. Computational Scheme for Deriving Design Conditions 

in the desian conditions if these conditions nffect the desired 
toxicologis effects regime. Dynamic modeling techniques ex- 
dicitlv oredict the effects of receiving water and effluent flow and 
br cdnientration variability. The thke dynamic modeling tech- 
niaues recommended by EPAforW W  are continuous simulation, 
~ o n t eCarlo simulatio~, and lognormal probability modeling. 
Thesemethods calculate a probability distribution for RWCr rather 
than a single, wont.cax concentration based on critical condi. 
tions. Prediction of complete probability distributions allows the 
risk inherent in alternative treatment strategies to be directy 
quantified. 

The use of probability distributions in place of wont-case condi- 
tions has been accented Dractice for vean in water resource 
engineering, where iiwas iound to pr&uce more cost-effe:tive 
desion of bridae owninas, channel capacities, flood~lain zo~?inq, 
andwater su~ply'syste~i. The ram; cost-effectivineu can t;e 
realized for pollution controls if probability analyses are used. 

The dvnamic modeiina techniques have an additional advantage 
over keady-state mGeiing in that they determine the entire 
effluent concentration fnquency distribution required to produce 
the desired frequency of c&eriacompliance. ~dx imumdaily and 
monlhly average permit limits can be obtained directly from the 
effluent LTA concentration and coefficient of variation (tV)that 
characterize this distribution. Generally, steady-state modeling 
has been used to calculate only a chronic WLA. Steady-state 
modeling generates a single allowable effluent value and no 
information about effluent variability. If the steady-state model is 
used to calculate both acute and chronic wasteloads, limited 
information will be provided and the entire effluent distribution 
will not be predicted. Steady-state WLA values can be more 
difficult to use in permits and enforcement k a u s e  of the variable 
nature of the receiving waterbody and the effluent. The outcome 
of probabilistic modeling can be used to ensure that permit iimits 
ar i  determined based o n  best probability estimates of RWCs 
rather than a single, worst-case condition. Ar a result, maximum 
daily and monthly average permit limits, based on compliance 



with water quality criteria over a 3-year period, can be obtained 
directly from the probabilitydistribution. 

-tion Mod&. & shown In Figure 44, a 
continuous simulation model uses daily effluent flows (Q) and 
concentrationdata (C,) with daily receiving water flow (Q3and 
background concentration data (CJ to calculate downstream 
RwCs 1441. The model predicts these concentrations in chrono-
logicalorder with the same time sequence as the input variables 
(Cb versus time). The daily RWCs can then be ranked from the 
lowest to the hiohest without reaard to time seauence. A mob-
ability plot can kconstructedfrom these rankedvalues, a"d the 
occurrence frequency of any 1-day concentration of interest can 
be determined (Cb versus frequency). Running average concen-
trations for 4 davs (i.e., the chronic desiqn flow), or for any other 
averaging peri&, also can be cornput& from the daily concen-
trations (Figure 4-5). 

The probabilityplotgeneratedby the continuoussimulationmodel 
using existing effluentdata will-indicatewhether criteria are pre-
dicted to be exceededmore frequentlythan desired. Appendix D 
discusses how to select the appropriate allowed frequency of 
excursions based on the biological recovery period required for a 
swcific waterbodv. If recurrence intervals of 10 or 20 years are 
desired, at least i 0  );Ears of flow data should be av;ilable to 
~rovidea sufficient recordto estimatethe probabilityof such rare 
events. Of the 30 years of required flow data, at least 20 to 25 
years should be continuous daily data, with the remaining years 
represented with only interminent data. The data should be 
examined to verily that the receiving stream has not undergone 
significant hydrological modification. The data also should be 
examined to determine if there were any long-term changes due 
to technoloov-basedtreatment or wriodic chanoes due to indus-., -
trial or municipal plant closings or expansions. The same data 
requirementc are also true for the lognormal probabilistic and 
Monte Carlo methods. However, except for the continuous 
simulation models, other nonsteady-state models in this section 
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cannot be used to account for the duration and frequency provi-
sion of the two-number water qualitycriteria. Usenarecautioned 
about the specific limitations of some of the dynamic models 
included here. Continuoussimulation models have the following 
advantages compared to steady-stateformulations: 

The frequency and duration of toxicant concentrationsin a 
meiving water can be predicted. 

.The crosrcorrelation and interaction of time-varying pH, 
flow, temperature, pollutant discharqes, and other param-
eters are incorporated. 

-

.The effect that the serial correlationof daily flows and other 
parameters has on the persistence of criteria excursions is 
incorporated. 

Long-term stream flow records for ungauged rivers using 
precipitation and evapotranspiration data can be synthe-
sized 

Long simulation times can prevent the initial conditions 
used in the modelfrom affectingthe calibrationof fate and 
transport processes. 

Unlikesteady-state models, continuous simulation modelsrequire 
significantly more data to apply, to calibrate, and/or to verify a 
specific problem and require that input informationfor the appli-
cation of the model be time-series data. Also, the model results 
need manipulation to calculate the effluent LTA concentration 
and CVfor use in developing effluent limits. 

Monte Carlo SlrnulatlonModels. Monte Carlo simulation com-
bines probabilistic and deterministic analyses since it uses a fate 
and transoort mathematical model with statisticaliv described 
inputs. Monte Carlo simulations have been the moit frequently 
used approach in stochastic water quality studies [45-511. The 
probability distributions of effluent Row, effluent concentration, 
and other.rnodel input must.be defined using the appropriate 
durationfor cornoarisonto the CMC and CCC. If l d a v  averaae 
RWCs must be p;cdiited for CMC comparisons, proprobity disGi-
butions of daily model input data are needed for Monte Carlo 
simulation. If4-dayaverage concentrationsmust be predictedfor 
CCC comDarisons the probability distributions of 4dav averaae 
input data are required: The c 0 6 ~ u t i rselects input v~luesfrom 
these distributions using a random generatingfunction. The fate 
and transport model is repetitively run for a large number of 
randomly selected input data sets. The result i s  a simulated 
sequence of RWCr. These concentrations do not follow the 
temporal sequencethat is calculated with the continuous simuia-
tion model. but thev can be ranked in order of maanitude and 
used to f o k  a freqiency distribution. Monte Carlo analyses can 
be used with steady-stateor continuous simulation models 1521. 

The approach for calculatina the allowable wllutant load distri-
bution;sing MonteCario sitklation isthe s h e  as that described 
for the continuous simulation model. The advantaqes of Monte-
Carlo simulation are the following: 

It can predict the frequency and duration of toxicant con-
centrations in a receiving water. 



.k can be used with steady-state or continuous simulation 
modelsthat includefate processesfor specific pollutants. Qe 

c e k.It can be used with steady-stateor continuous simulation 
models that indude transport processes for rivers, lakes, 
and estuaries. .It can be used with steady-stateor continuous simulation 
models that are designed for single or multiple pollutant 
sourceanalps. 

It does not requiretime series data. Qe 

It d w  not require model input data to follow a specific 
statisticaldistributionor function. 

Ce 
It can incorporate the crousomlation and interaction of 
timevarying pH, flow, temperature, pollutant dixharges, 
and other parametersif the analysis Is developedseparately 
for each searon and the results are combined. 

bi,kJbbdh 
The primary disadvantages of Monte Cado simulationare that it 
requires more input, calibration, and verification data than do 
steady-state models, and the model results need manipulationto 
calculate the effluent LTA concentration and CV to develop efflu-
ent limits. 

IP r o b a b l l l r t i c .  Without remrting to 
the continuoussimulationmethodof computingRWCsint e m p  ........... ........ 
ral sequence, this probabilisticmethod uses the lognormalprob 
ability distributionsof the input variaMes to calculate pmbabilii 

2standaTd 

distributions of output variables [53]. Ac a result the method 
Ffequew

requiresonly the relevant statistical parameters of the input vari-
ables(medians and coefficientsof variation) ratherthan the actual Flgure 4-5. Concentration FrequencyCurves. 
time wries data needed for continuous simulation. If lday 
average RWCr must be predictedfor comparisons with the CMC 
lwnormalprobabilitvdistributionsof daily input data are needed. 
If &lay average con;entrations must be predicted,the lognormal 
~robabilii,distributions of 4day average input data arc required.. . 
&use this probabilistic model cannot, a; yet, incorporate fate 
and transwrt processes, It can be usedto predict the concentra-
tion of a substance only after completemixing and before dqra-
dationor tranrforrnation significantly alters the concentration. 

The lognormal probabilistic dilution model has the following 
advantages: .k can predict the frequency and duration of toxicant con-

centrationsin rivetineenvironments. 

It does not requlretime series data. 

It can incomarate the cross-comlation and interaction of 

Itdoes not includeinstreamfate processes. 

Itapplies only to rivers and streams. 

It analyzes multiplepollutantsources inaccurately. 

It requires model input data to be lognormallydistributed. 

4.52 C8lculatln# the Allowablu Efflu8nt Cnncentratlon 
~ u d f b e ~ ~ 

Information concerning eftluent concentration means and vari-
abilities can be obtaimd from data bases on existing treatment 
plants and from development documents for suecfic industrial 

~ .~~~~~ ~ ~ ~ 

timevarying pH, flow. temperature, pollutant dixharges, point source categories.' This information is available horn the 
and other wrametersiftheanalysis is dcvelo~edsemrateh, IndustrialTechnology Divisionof the Ofice of Water Reaulations 
for each season and the results ire combined. and Standards. ThTse eftluent data can be used with ;lynamic 

models to determinewhat the effluent concentration distribution 
The lognormalprobability dilutionmodelhas the followingdisad- must be to meet water quality standards. Two possible a p  
vantages: proachescan be taken to determinethis distributionregardlessof 

the type of d y ~ m i cmodelingtechnique(i.e., continuous, Monte 
It requires more input than a steady-statemodel. Carlo, or lognormalprobabilistic). One approach is basedon the 

simplifying assumptionthat treatment will change only the mag-



nitude of effluent concentrations no changes are awmed to 
occur in effluent Rowl or in Lhe relatk Wriabilltv of fluent 
&.zntrations. With thtre awmpWru, no addiional model 
runs are needed to m i n e  the alkwrbk disbibution for efflu- 
ent concentrations. The 0 t h  approach uvlma that the re 
q u i d  effluent concentration diMbuthm bthe same u the exist- 
ing dimibution except that it is reduced in magnitude by which- 
ever is areater--the wrcmtwc ncccuay for the 1-dw aver-
canccnktions.. to &t the CMC. or64-dav we& conc&-.. 
tntions to meet the CCC at & desired &uGe Interval. 
Chanter 5 includes details on how wrmit limitc are detivedfmm 
thckean and coefficient of variation of effluent concentrations 
determined from this anabis. 

The wcond approach for determining theallowable effluent con- 
centration distribution b based on the awumption that effluent 
concentrations after tnUmurt will not have the same CV.as 

- ' concentrations before treatment. Studies have documented that 
advanced secondary treatment increases theCV of BOD and total 
wsanded solids concentrations c0mared to X O n d a ~  treat-
z n t .  Where feasible, i n~~a t ion l ' shw ld  be condicted to 
evaluate how treatment vmc.zssesfor hcaWm*als, oraanu chemi- 
cals, and effluent toxiity will change ihe variabiity of these 
constituents. The development documents mentiomd above 
also provide m e  variability data for treatment proceua. To 
account for a change in variability, an alternative approach should 
be used to determine the allowable effluent diibution. iterative 
model runs can be perfomnd using dWmnt concentration means 
with the effluent "future treatment" variance until a mean is 
found that meets the criteria at the deslred recurrence intervals. 
These iterative model runs muire stochastic aeneration of efflu- 
ent input data since daily c/fluent concen~tions will not be 
available for the hmthetical treatment schema. The rwuired 
"future treatment"mean and CV of effluent concentration can 
then be used to set permit limits (seeChapter 5). 

EPA's OMce of Water Ragulations and Standards developed an 
interactive preprocessor for DYNTOX that automatically creates 
input for continuous simulation modds, randomly select5 the sets 
of input data required for Monte Carlo simulations, and performs 
the numerical integration calculation for the lognormal probabi- 
listic model. DYNTOX is available from theEPA CEAM, Envimn- 
mental Research Labontory (ERL) [HI. If the observed data base 
is fairly complete but missing a few points, a linear interpolation 
scheme is used to fill in the missing data. If data are scarce, a lag-
om Markov method is used to gmnte  daily data stochastically. 
The lagone Markov method u&s the mean, standard deviation, 
and daily correlation coefficknt of the obmed data to create 
random sequences of data having the same Itatistical properties. 
The interactive program is written in FORTRANand is avaihbk for 
use on mainframe or IBM K.compatibk computers. 

Two common methods exist to calculate the retum period for a 
giwn concentration from probabilistic modeling: theprcentik 
mahod and the extrema method. The percentile method used 
bv DYMOX rank a I l ino  of all indhridwl dallv concentrations, 
$return period for a co&entntion is then cakulated based on 
the oercentile occumnce. In the exlrema method. onlv annual . , 
extkma values are ulcd in the ranking. The retum periods 
cakulaled from these two methods are eauallv valid statistical 
representations. When using the percentik &hod, resultr ex- 

press an average return period and multiple occumnces within 
anywar. The UVHMmcthOddescribesthe return wriod for an 
a n d  exbwne and includes only theextreme of m"ltiple occur. 
rrncawithin a year. 

48.a ENd-hrYPY-
The reliability of the predictions from any of the modeling tuh- 
nioues d&ds on thcaccuraw of the data used in theaialvsis. 
Th; minimum data required f i r  model Input indude receihng 
waterRow. effluentRow, effluent conantrations, and backamund 
concentrations. In many locations, stream flow data sh&ld be 
sufficient for both steady-state and dynamic models. At kast 30 
years of flow data should k availabk if excursions of the CMC 
and CCC must be evaluated at rare frequencyof once in 10 or 20 
years. Measurementsof effluent toxicity or individual toxicity can 
be much mom limited. 

K only a few toxicant or effluent toxicity measurements are avail- 
abk~steadv-statearxsrments hw ldbe  used. Modelino also 
rhould be imlted to steady-state procedures if a daily receiving 
water flow record is not available; however, in effluentdominated 
situations, critical Row may be used to characterize the rece~ng 
Neam. Appendix D describes how to sdect appropriate design 
ROM if State regulations do not require a specific design flow for 
riverWLAs. Fate and transport models or dilution calculations can 
be used for individual toxicants. At the present time, only dilution 
calculations or fimordw decay equations are recommended for 
effluent toxicity analyws. Chapter 1 discusses the conservative1 
addinive assumption for toxicity. 

If adequate receiving water flow and effluent concentration data 
m aVaibMc to estimate freauenn dishibutions, ow of the dv. 
namic modeling techniques.sho;ld be used to develop m&e 
cost-effective treatment requirements. If the effluent data exhibit 
sianificant w n a l  d k n c e s  or batch orocess trends. the con- 
&uous simulation approach may be the'easiest dynamic model- 
ing method to use. The best results will, of coune, be obtained 8 
daily effluent Ravr and concentrations are available for model 
inputfor an entim year. The lag-one M a r k  technique can be 
used to generate daily effluent data for the entire simulation as 
long as adequate measurements for the sitespecific facility (or a 
similar one) are available to estimate a day-tc-day correlation 
caffident and to determine when searonal or batch process 
changes in effluent quality occur. 

if adequate receMng water flow and effluent concentration data 
are available and if effluent data exhibit no seasonal or batch 
process trends, lognormal and Monte Carlo methods may be 
easier and require kscomputer time than the continuous simuia- 
tion approach. 

461mMBhl-
The following section recommends mods for toxicity and indi- 
vidual toxicants for each tvw of recemna water-&=. lakes. 
and estuaries. ~etaikdgu6;lines on the u& of fate and transpok 
models of indbidual toxicants are included in the toxic N D L  
guidance availabk from the Monitoring Branch of EPA's Office of 
WaLer Reauhtions and Standards l5.6.n and Office of Research . .  . . 
and De&lopment [SS]. These manuals describe in detail the 



transport and transformation processes invdnd in water q w l i  transformation pmductr usingsecondorder kinetics for all 
modellno. Transwnorowss includethe dimmion andadwc- sianificant oraanic chemical reactions. EXAMS-II does not 
tion of ;contaminait once it enters the &ng stream; itc si;;~ubte the&lids with which the chemical interactr. The 
volatiliition fmm the water: and its somtionto surrrmdcd di concentration of s o l i s  must be user-specified for each 
ment, eventual d i n g ,  and possibk &uspension bnd diisuon compartment. The mods1accounts for sorbed chemical 
from the sediment Transformation cwxses Includethe oxida- transportbasedmsolids concentrationsandspecified trans. 
tion, hydroiysls, photdytls, biodegradation, and bioaccumulation port iields. Sediment exchanges with the water column 
of the chemical. indude porewater adnction, pore-water diision, and 

solids mixing. The last describer a net steady-state ex-
Most water quality models were developedwith an emphasis on change associatedwith solids that is proportionalto pore. 
the dynamicsinthe water columnandthe eventualwater column water diffusion. 
concentrations. Several models, including some of those listed 
Mow (EXAMS-II, WASP4) are now cawbk of simulatina water WASP4 [581 is a generaliied modsling framework for con-
column~xdimentinteractions (mus&nslm, settling, and diffu-
sion), however, additional work needs to be completed on the 
mechanismsof sediment-water column exchangebitore themod 
els can be validated for predictive appl ions involving di-

menu. Withthe advent of sediment c&eria inthenextf& wars.. 
it killbe necessary to use models that predict concentrations in 
both receivingwater and bedsediment. This will be of panicubr 
importanceinamswhere the sedimentsarecontaminatedto the 
point at which they act as the Iourceof a pollutant to the water 
column. ~abie4-ilinrandsummarizes modelsthatmay be used 
for predicting the fate and transport of toxicants and that are 
sup+ned by the EPA CEAM [56]. All the mod& plus two 
bioaccumulationmodels, briefly are describedbelow. 

DYNTOX [S4] Is a WLA model that uses a probabilistic 
dilution technique to estimate receiving water chemical 
concentrations or whole effluent toxicity fractions. The 
model considers dilution and net first-order loss, but not 

taminant fate ihsurface waters. R & d  on the RexiMe 
compartment modelingapproach, WASP4 wn be applied 
in ok. huo. or three dimensions. aiven the transwrt of 
flu& behmen segments. wAS~4bnread output fiks 
fmm the link-nodehydrodynamic model DYNHYD4, which 
p n d i iunsteadyRow ratesin unstratifiedrivers andestuar-
ies, givm variable tides, wind, and inflow. TOX14, a subset 
of WASP4, simulatesup to three interactingtoxic chemicals 
and up to three sediment size fractions in the bed and 
weriyg waters. Firrt- or secondorder kinetiu can be 
used for a11 signifiwnt organic chemical reactions. Sedi-
mentexchangesindude porewateradvection, porewater 
diision, and depositiontscour. Net sedimentation and 
burial rates can be specifnd or calculated. The output can 
be used with thetwo bioaccumulationmodels FGETS and 
KM2, which a n  described below. 

HSPF 1591simulateswatershedhydrologyand water quality 
sorption and benthic exchange. The net loss rate must be for bdth conventional and toxic organic pollutants. 'HSPF 
determinedempirically on a carc-by-casebasisand cannot incorporates the watershed-scak ARM and NPS models 
be extrapolated to different condiiions of flow, tempera- into a basin-xale analysis framework that includes trans-
ture, solids, pH, or light part and transformation in one-dimensional stream chan-

nels. The simulation provides a time histow of the wnoff 
EXAMS-II(571is a compartment model that can be usedas flow rate, sediment lkd, and nutrient and'pesticide con-
either a steady-state or quasi-dynamic model designed for centrations alonawith a time histoly of water auantityand 
evaluation of ihe behavior of synthetic organic chemwlsin quality at any pokt in a watershed: HSPF sim"latesihree 
aquatic ecosystems. It simulates a toxic chemical and i ts  sediment types (sand, silt, and clay) in additionto specific 

Tabk 42. Toxicant Fate and Transport Models 

Model Environment Time Domain Spatial Domain Chemical 

DYNTOX fiver dynamic far fdd, organic, 
ldimsional metal 

EXAMS-II lake, river, steady-state, far field, organic 
estuary quasidynamic 3dimensional 

WASP4 lake, river, steady-state, far Wd, organic, 
estuary dynamic 3dimensional metal 

HSPF river dynamic far field organic, 
1dimensional metal 

SARAH2 river steady-state treatment plant, organic 
near field, 
Zdimensional 

MINTEQAZ lake, fiver, steady-state - metal 
estuary 



organic chemicals and transformation produm of those a b  contains a limlted data base of physiologicaVmorpho. 
chemicals. The reactionandtransfer processes includedare logicalrelationshipthat are usedto set parametersfor food 
hydrolysis, oxidation, photolysis, biodegradation,vdatilii- exchange. In addition to simulating bioaccumulationof 
tion, and sorption. Sorption is modekd as a first-order organic toxicants, FGETS can calculate time to death from 
kinetic orocess in which a duomtion rate and an eauilib- chemicalswhose mode of action is narcosis. This cakula-
rium Grtitaon codfcient for each of the t h m  sol~d' ~ s tion is based on the existence of a single, kthal, internal 
must be swcmed. Resuspendon and settlina of s i b  and chemicalactivily for wch chemicals. The concentrationsof 
clap (cohkive solids) aredefinedinterms of &earstress at toxic chemicalto whkh the food cham is exposed may be 
the sediment-water interface. For sands, the system's ca- specified by the user or may be taken directly from the 
pacity to transport sand at a particular Row u calculated values calculated by the exposure concentration model 
and resuspension or senling is defined by the difference WASP4. Thus FGETSmay be executedas aseparate model 
between the sand in suspensionand thecalculated capac- or as a postprocessor to WASP4. 
ity. Sediment exchanges with wf i ia l  benthic sediments 
are modeled as somtionldesomtionand de~odtion/xour. K M 2  is aaeneraked model of the uptakeand elimination 
Underlying sediment and porewater are not modeled. of toxic chemicalsby aquatic organisms 1631. Itgeneratesa 

mubalance calculation in which the rates of uptake and 
SARAH2 1601is asteady-state, mar-f+ld modelfor calculat- elimination are related to the bioenergetic parameters of 
ina acceptableconcentrations of hazardousorganic chemi- the species. A linear food chain or a food web may be 
cais discharged to land disposal or wartmat& treatment specified. Fish tissue concentrations are calculated as a 
facilities. Acceptable kachate or mated industrial waste function of time and age for each species included. Expo-
discharge constituent concentrations are estimated by a, sure to the toxic chemlcal Infood is based on a consump 
"back calculation" procedure starting from chemical safety tion rate and predator-prey relationshipsthat are specifkd 
criteria in surfacewater, drinkina water, or fish. For steadv as a function of age. Exposure to the toxic chemical in 
or batch waste streams, MRAH.2 conrideiden the following water is functional& reldteb to the mplrationrate. Steady. 
concentration reductions: dilution and loss during treat- state concentrationsalso may be calculated. The concen-
ment, initial Gaussian mixing at the edge of a -%ream, trations of the toxic chemical to which the food chain is 
lateral and longitudinal d'iffusion in the mixing zone, s o p  exposed may be specified by the user or may be taken 
tion, volatilization, hydrolysis, and bioaccumulationin fish. directiyfrom the valuescalculated by the exposureconcen-
The user must specify appropriate concentrations for pm- tration model WASP4. Thus FCM2 may be executed as a 
tection of the aauatic communilv and of humans exnosed separate modelor as a postcmcwr to WASP4. Miaratow 
through consuniption of fishandwater. The benthi. 'om- &i, as well as nonmi&tory species, may be ;onrid-
mun~tyis not presentlyconsidered. Treatmentlosss handled ercd. Separatenonmigratoryfoodchainsmay be specMed. 
empirically. SARAH2 contains data sets for three dsposal- and the migratory species is exposed sequentially to each 
watershe6 scenarios that can be easily modified and em- foodchain based on iU seasonal movements. 
oloved. The model is desioned for scknino analvsis and 
;o&lns numerous assum~tlonsthat shouid k'velit~ed 
beforethe model is used Inactual cases. 4.5.5 -T ~ ~ r c l p 

To apply the steady-state, continuoussimulation, or probabilistic 
MIMEQAZ is an eauilibrium metals speciation model for methodsto effluenttoxicity modelina, the pertent effluent mea-
diluteaqueous systems(611. It d m  not haveany transport wmner~Dshouldbe con&ed to toiic units (Tus). As ddiscussed 
and transformationprocessesand must be run with one of in Chapters 1.2. and 3, it is ncceusry to convert toxkity to units 
the above models. It can be used to calculate the mass that &n be directly rilated to mass: When comparing toxicity 
distributionat equilibriumamongdissolved, absorbed, and among chemicals, the relationshipbetweentoxicity andconcen-
solid ohases andthe swciesdistributionwithin each ~hase. tration is inverse; chemicals that haw toxic effectr at low concen-
MIN~EQA~contains b chemiwl component data k t  for trations have a greater "toxicip" than chernicals that have toxic 
maior ions commonlv found in aaueous wtems (e.a., Ca. effects at hlaher concentrations. The modelina of toxic effluents 
~e.'and 5). trace metalslmetalioids of &llutioi i i temt is imsed on-mass balance principles; therefore, toxicity needs to 
(e.g., Cd, Cr, Ni. Pb, and Zn), and organic ligands ol be in units that increase when the percent of the effluentof the 
signficant afflnity for metal compkxation. The model can receiving swam increases. Thus, a TU is the reciprocal of the 
be used to calculatethe concentrations of adsorbedW l s  dilution that produces the ten endpoint, i.e., acute toxicity end-
via any of seven differentadsotptionalgorithms. point (ATE) or chronic toxicity endpoint (CTE). An acute toxic 

unit ma)isthe reciprocalof an ATE. Achronic toxic unitW3 is 
FGETS is  a toxicokinetic model that simulates the the recipmcal of a CTE. The TMDL must ensure that the CMC 
bioaccumulationof nonpolarorganicchemicals byfish from and the CCC are met in the receiving water at the derired 
both water and fwd' 1621. Both of thuc mutes of ex- duntion and frequency. The CMC for toxicity is mommended 
change an modeled as diffurion process that depend as0.3 TU* This isa value that shwid prevent lethalityunlessthe 
uponphysicochemicalpropertiesof the pollutantand mor- duration of exposure exceeds 1 hwr. 
phol~i~l/physiologiwlEharacteristiubf the fish. FCE7S 
containsamoderatelysizeddata baseof allomctric relation- The CCCfor toxicitymeasuredwith chronict e a  is recommended 
ships for gill morphology with which it can simulate the as the following: 
direct gill/water exchange of organic chemiuls for essen-
tially any fishspecies, assumingcertainddaukvalues. FCETS CCC = 1.O TU,. 



The first step in the TMDL orocess is to calculate the allowable 
acute dflumt toxicity that meeu the CMC in the receiving water 
at the duration and frequency discussed in Appmdii D. 

The next step in the TMDL process is to calculate theallowable 
chronic effluent toxicity that meetsthe CCC in the receiving water 
at the duration and frequency dlxussed in Appmdix D. To 
comparetheallowableacute toxic'ivalue to allowabk chmnic 
toxicity value, the numbers must be converted to the same unitr 
as follows: 

TU, = (ACRWJ 

where the acuteto-chronic ratio (ACR) is determid h m  test3 
on the effluent. It is imwrtant that the ACR used for TMDL 
purposes be based on actual data and not beassumed to be 10 or 
20, as in the xreening procedure (Chapter 3). The value of this .. 

- . ratio will influence whether the acute or chronic TMDL is more 
stringent and is used to calculate the pen i t  limit using the 
methods described In Chapter 5. 

At the present time, the fate of effluent toxicity in a receiving 
water is not fully understood. Even if a decay rate for toxicity can 
be measured on a aiven dav in a siteswcific situation. thereis no 
way as yet to know how thh rate Is affected by temperature, pH, 
or other environmental conditions. There is also nowav to know 
how this rate may change when new treatment irinstalled, 
lnstream measurements of toxicity should be made at least once 
per season to identlfy any time-v&ying trends in sitespecific fate 
processes. These monitored decay rates can then be used in 
steadv-state or continuous simulatibn fate and transoon models 
to p&ct receiving water toxicity, assuming that the ktes will not 
change with future treatment. 

Without specific informatlon concerning the persistence of toxic- 
~ty, ~t IS reiommended tnat effluent to$cjty de limited to dilution 
estimates and that toxicity be assumed to be additiveand conser- 
vative. Toxicitv is exmctd to be additive even when the toxicitv 
of one efflueniaffecir selected biota while the toxicity of a do& 
stream dischame affectsdifferent biots. For rinnand run-of-river 
reservoin with; detention timeof less than 20dayr. thefollowing 
dilution equation should be used, assuming completely mixed 
conditions: 

c = CsQs+ CeQ 

Qe + Qs 


where 

C = downstream concentration (TUc or TU, ) 

Cs = upstream concentration (TU, or TUa )' 

Qs = upstream flow (cfs) 

C = effluent concentration (TUc or TU, ) and 

Q = effluent flow (cfs). 


For multiple dischargers, this equation must be applied sequen- 
tially to find the concentrati,on as a function of distance down- 
stream. The equation can be used for a steady-state analysis ifQs 
is set equal to the design flow, & is set equal to the historical 
plant flow, and C, is calculated to meet the CMC and CCC. This 
equation, can also be used with the continuous simulation, log- 
normal probabilistic, or Monte Carlo methods. For these dv- 
namic analyses, a series of Ce, 9,C, and Q, values would & 
used. 

If instream toxidtv measurements are available and a fint-order 
decay rate for tohcity can be estimated, the following equation 
should be useA 

c .c,~-K(xIu) 

wttere 
C = downstream concentration (TUc or N,) 
C,= concentration after the point source discharge has 

mixed completely with the river (TU, or TU,) 

x = distance downstream of complete mix point 

u = velocityofriwr 

K = measured decay rate. 


Additional s3aUstical approaches are available that might provide 
M e r  statistical fits to the avallabk data. However. these models 
are somewhat more limited than the example provided above. 

The same equationsused for toxicity analyses in fivers can also be 
used in steady-state, continuous simulation, orprobabilisticanaly- 
sir of long, narrow, shallow impoundments with high inflow 
velocities. W e r ,  deeper lakes require more comolicated analv- 
sessince prolonged detention times (>20 days) and stratificatidn 
exen a significant impact on water quality. The prolonged deten- 
tion timer make it essential that receivina watermeasurements of 
toxicity be available to estimate decay Tacton. These measure- 
ments should be made at kast once oer season to identihr anv 
timevarying trends in toxicity fate irocesses. steady-s&te dr 
continuous simulation fate and transwn models for lakes can 
then be run with monitored decay rites for toxicity. A simple 
steady-state analysis can be performed usinq the following eaua. 

Tw = VIQ 
C = Cin/(l +TwK) 

where 
Tw = mean hydraulic residence time 
V = lake volume at design conditions 
Q = mean total inflow rite at desion conditions - - .  
c = steady-state lake concentrati& (lUcor Tu,) 
C = steady-state inflow concentration Cll~,or TU.). . -,
K"' = firstirder decay rate. 

If effluent is discharged into a stratified lake and mixes only with 
the hypolimnion or epillmnion, the volume of the layer should be 
used only to calculate mean hydraulic residence time (Tw),). The 
mean total inflow rate (0.1 and the inflow concentration (C;,) 
should be calculated as the sum of all sources to the lake, inilud: 
ing point source, nonpoint source, and tributary inputs. 

Dilution calculations for effluent toxicity discharges to an estuary 
are complicated by the oscillatory motion of the tides and pos- 
sible stratification of the estuary. The prolonged detention times 
make it essential that field measurements of toxicity be available 
to estimate decay facton. These measurements should be made 
at least once per season to identify any time-varying trends in 
toxicity rate processes. Steady-stqte or continuous simulation fate 
and transport models for estuaries can then be run with moni- 
tored decay rates for toxicity. A simple steady-state analysis can 
be performed using the following equations for each 
nonconservative pollutant entering from the river at the head of 
an estuary 1641: 



(fi) trations, and other exposure mutes, such as recreational, occupa- 
c.-c. - = s t  tional. drinking water. dietaw (other than fish). and inhalation. I- '.l(fi.l) 

where 	 ~actotorr in the iormulas for whch information i inot available can 
be omitted from the calculation. IfStates choose. bioaccumulation 
factors also can be modified. 

ri = exchange ratio for segment ias defined by modified 4.6.2 ~ ~ ~ I Y I Y ~ m ~ l Y I l l l l r T ~tidal prism method 

t = flushing time TMDLr are typically necessary only where mixing is allowed. 

f; = fraction of freshwater in segment i Mixing zones are used at the discretion of the States. If a State 


ti = nonconsewative pollutant concentration in segment does not allow a mixing zone or the assumption of complete 

iWaor N,) mixing, then the RAC is applied at the end of pipe and no TMDL 


k = decay rate oi pollutant. determination is typically necessary. 


The following equations should be used for each nonconsewative With persistent or bioconcentratable pollutants, special mixing 
pollutant entering along the side of an estuary: zone considerations apply. Bioconcenvatable pollutant criteria 

exceedances within the mixing zone can potentially mutt in 
For segments downstream of outfall: tissuc Contamination of organisms directly & indireciy through 

contamination of bed xdiments with subsequent incorporation 
into the f w d  chain. For discharge siiuations with incomplete 
mixing (e.g., large rivers, lakes, estuaries, oceans), States need to 
carefullv consider whether mixing zones for Dersistent or 
blocon~entratable pollutants are appropriate. where a mixing 

For segments upstream of outfall: 	 zone s allowed, one TMDL should be calculated to achieve the 
RAC or criterion selected above [ 65 ) Because most human health 
criteria are chronic only, a TMDL to protect against acute effects 
will usually not be d,although EPA's -mice of Drinking 
Water does have acute criteria for some.pollutants. 

where For the purpose of the following discussion, use of simple, steady- 
Ci = nonconsewative pollutant mean concentration in state dilution models is assumed. However, these models may be 

segment ifluc or m a )  inappropriate for certain situations where sediments serve as a 
C..-" = nonconsewative wllutant mean concentration in sink for biwoncentratable wllutants and where additional factors 

segment of dischbrge need to be considered. bynamic models, where available, are 
n = exchange ratio for segment ias defined bv the useful tools for accountins for an array of variables that may have 

modifi2 tidal prism method an impact on the fate of bioconcentratable pollutants in th; food 
n = number of seament away from outfall chan. These models may be used by States for surface waters in -
fi = fraction of freshwater in segment i appropriate instances. 

fo = fraction of freshwater in segment with discharge 

Si = salinity in segment i In simple situations, the TMDL is determined from the RAC and 

So = salinity in segment of discharge the design flow of the receiving water. In more complicated 

k = decay rate situations, e.g., where mixing is not rapid or where lakes or 

t = flushing time. estuaries are involved, a spatial averaging scale must be chosen. 


Selection of the spatial scale must be consistent with reasonable 
The details of how to calculate exchange ratios and flushing times assumptions about the behavior ol  aquatic organisms an0 the 
for estuaries are included in Pan 2 of EPA's water qualii assess- target human population. 
ment manual (641. This manual a h  dewn'brs how to perform 
these calculations for stratified estuaries using a two-dimensional In some cases, it may be necessary to apply the chronic human 
box model analysis. health criterion within a mixing zone if it is reasonable to assume -

that the bioconcentrating aquatic organisms have little mobility, 
thus spending most oftheir time within the mixing zone; and the 
target human population consistently consumes fish from the 

4.6 INMAN HEALTH 	 mixing zone (over a 70-year lifetime, for carcinogenic risk). 

The procedure for developing TMDLrtWIAs generally requires 
4.6.1 ~ ' l Y I l l l l r - determining values for the following parameters, based upon 

Human exposure to pollutants should be waluated as comptetely water quality considerations: (1) the duration of the averaging 

as available information will allow. Exposure information is used period applicable to the WLA; (2) design considerations, e.g., 

in calculating the human health reference ambient concentration flow; (3) the discharge (WLA) concentration that will result in 

(RAC) from the formulas in Chapter 2, Water Quality Standards. meeting the ambient water quality criterion during the design 

This information should be used toestimateexposuresduetofish condition; and (4) the allowable probability (or frequency) of the 

consumption and drinking water ingestion, background concen- discharge's exceeding the WLA, averaged over the appropriate 




duration. The technical basis for setting these values is discussed 
in the following sections. 

1) Averaging Periods 

The duration of the averaging period for the WLA should be 
selected to be consistent with the assumptions used to derive the 
water quality criteria. Two categories of pollutants should be 
recognized: carcinogens and noncarcinogens. 

The human health criteria for carcinogens are derived assuming 
ldetime exposure. The upper-bound risk is directly propoRional 
to the lifetime arithmetic mean dose. The criteria thus apply to 
the ambient water concentrations averaged over a 70-year pe-
riod. 

The duration of exposure assumed in deriving criteria for 
noncarcinogens may be ambiguous, particularly where a criterion 
is derived from animal studies. Furthermore, the duration may be 
highly variable, ranging as high as 20 to 30 years for cadmium. 

2) Dilution Design CondlUons 

a) Carcinogens: River and Stream Dischoqe Situations 

In well-mixed situations, the RWC, C, is determined by the pollut- 
ant load, W (massltime), and the combined receiving water plus 
effluent flow, 4,such that C = WIQ. 

The long-term harmonic mean flow is recommended as the 
design flow for carcinogens. The recommendation of long-term 
harmonic mean flow has been derived from the definition of the 
human health criteria (HHC) for carcinogenic pollutants. The 
adverse impact of carcinogenic pollutants is estimated in terms of 
receptors (human) lifetime intakes. To be within the acceptable 
level of life-time body-burden of any carcinogen, such intakes 
should not exceed the HHC during the average life-time of the 
receptor. A life-time for exposure to carcinogenic pollutantc is 

, defined as 70 years, or approximately 365 (dayslyear) multiplied 
by 70 years. 

The HHCfor carcinogenic pollutants can be numerically expressed 
as: 

HHC = C (design) = (C1 + C2 +CJ + + Cn )In 

where 

n = (365 dayslyear) x 70 years 

C = concentrations 


Based on an assumption of a constant daily load from a treatment 
facility, the fully mixed instream concentration will go up or down 
inversely with the ups and downs of receiving water flows. Thee 
fore, instream concentration is a function of, and inversely pm- 
portional to, the streamflow downstream of the discharge. Using 
this concept, 1IQ can be substituted for C, as follows: 

11Q (design) = (1191 + 1/42 + 11Q3 + --+ l/Qn)/n. 

The stream design flow (Q design) can then be shown as follows: 

Q (design) = nl(lIQ1 + 1/92 + 11Q3 + + 11%) 

The harmonic mean is expressed as follows: ' 

n 

Q (design) = n 1 1  (11Q) 
i = l  

where 
n =the number of recorded flows. 

The harmonic mean is always kss than the arithmetic mean. The 
harmonic mean is the aooropriate design flow for determining 
long-term exposures using steady-state modeling of duentc. 
The arithmetic mean Row i s  not appropriate as the design flow , 

since it overstates the dilution available. Extreme value statistics 
(wch as 7910 or 3095) are also not appropriate since they have 
no consistent relations hi^ with the long-term mean dilution. 
However, for situations i6volvlng sea so nab^^ variable effluent dis- 
charge rates, hold-andrelease treatment systems, and eff!ient-
dominated sites, the harmonic mean may not be appropriate. In 
these cases, the effluent load and downstream flow are not inde- 
pendent (i.e., they are correlated). Modeling techniques that can 
calculate an averaqe daily concentration over a long period of 
time are more apimpriaie to determine the long-term exposure 
in these cases. 

The harmonic mean flow may be estimated by any of several 
methods 181. assumino that flows are approximately loqnormally - . . . . 
distributed:.' 

where 
Qg, is  the geometric mean flow 
Grni s  the arithmetic mean now. 

For U.S. Geological Survey flow records, summaries of the statisti- 

cal parameters needed to estimate the harmonic mean can be 

qui;kly obtained from STORET, through a user.friendly procedure 

for permit writers, as described in Appendix D. 


WAB DFLOW is a software package available for computation 

of harmonic mean flow. The DFLOW oroaram (as discussed 

below and described in Appendix D) shduld-be ured with data 

that are not lognormally distributed. 


To develop some quantitative sense of how a long-term harmonic 
mean flow of any swam compares with its 7910 flow, the 
Assessment and Watershed Protection Division and the Risk Re 
duction Engineering Laboratory at Cin~innati, Ohio, analyzed 
flow records of 60 streams selected at random throughout the 
United States. These are the same stream flow record; that had 
been analyzed for stream design flow condition for aquatic life 
protection as listed in EPA guidance [a]. Based on the long-term 
harmonic flow and 7-day, 1Qyear low-flow estimates for these 60 
streams, the long-term harmonic mean flows of all 60 streams 
were equal to or greater than twotimes the 7Q10 low flow. F i i -
four of the streams' harmonic mean Rom were equal to or 
greater than 2.5 times their 7910 low flows. Finally, 40 of the 60 
streams' harmonic mean flows were equal to or greater than 3.5 
times the 7910. 

Based on the above observations, permit authorities may ch0o.x 
a multiplication factor of 3 x 7Q10 to estimate stream design flow 
for human health protection for carcinogenic pollutants. How-



ever, it is recommended that the harmonic mean flow be calcu-
lated directly from the historical daily flow record, if possible. 
Alternatively, the following equation might be used to estimate 
harmonic mean flow [66]: 

In this equation, Qm and 7Q10 are estimated using the U.S. 
GeologicalSurvey computer program, FLOSTAT. 

b) Nmorcinogens: River andStreamD i ~ h o q eSituotbs 

The choice of average period represen& a lwel-of-protection 
consideration inherent In the risk management decision to be 
made bv the wrminlna aaencv. K a short-term duration of 
exposuri is  chbsen (i.e.;9<da$ or less), design flow may be 
aoDroDriateiv based on extreme value statistics. Because the 
eii& from noncarcinogensare moreoften asx~iatedwith hort-
ened exposures, €PA suggests the use of 3OQ5. HoMver, in the 
comparisonsofflows for smaller rivers(i.e., lowflow of 50 ch), the 
3095 flow was, on the average, only 1.l times that of the 7Q10. 
For larger rivers (i.e., low flow of 600 A),the factor was, on the 
average, 1.4 times. If the effects from certain noncarclnogens 

m manffcsttd after a lifetime of exposure, then a harmonic 
mean flow may be appropriate. 

3) Point of Application of the Criteria 

The mint  at which the chronic criteria are to be met in the 
recehng water may be fixed by exlning State standards or may 
k determined bv considerations for mana~inaindividual and 
aggngate risks. ihc~ v e r a lpossibilitiesincl&e-ke following: 

Where State standardsallow no mixing zone and no spatial 
averaging, tht criterion would be met at the end of the 
Pipe. 

Where State standards specify that the criterion must be 
met at the end of the m~xing~zone,the criterion would be 
appliedat that point. 

Where State standards allow consideration of spatial aver-
aging, the criterion may be met as an average within a 
s p e c f i  area, as appropriatefor the individualand aggre-
gate risk xenarios underlying the application. 
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5. PERMIT REQUIREMENTS 


5.1 llTROOUCTlOll 
As the final step in the "standardr-to-permits" process, develop 
ment of permit requirements b often the culmination of the 
activities dixussed in the preceding chapters. This chapter 
describes the basic principles of fluent variability and permit 
limit derivation and provides recommendations for deriving limits 
fmm various t y p s  of wasteload allocation outputs such that 
water quality standards a n  pmtected. It also addresses important 
considerations in the expression of iimits and other types of 
permit requirements, including toxicity reduction evaluations. 
The first portion of the chapter deals principally with aquatic life 
protection. Permitting for protection of human health is found in 
Section 5.4.4. 

6.1.1 n y l a l a y ~ r m m b  
There are both mandatory and discretionary elements associated 
with the development of water quality-based permit iimits to 
control toxic pollutants and toxicity. The mandatory elements are 
described in the revisions to the National Pollutant Discharge 
Elimination Svrtem (NPDES) Surface Water Toxics Control Pro- 
gram regulati6ns (54 FR 23868. lune 2.1989). The regulations at 
40 CFR 122,44(d)(l) nquire that requiatoly authorities first deter- 
mine whether a discharge causes, has the reasonable potential to 
cause, or contributes to an excursion above water quality stan- 
dards (narrative or numeric). In making these determinations, 
regulatory authorities must use a procedure that accounts for 
efRuent variability, existing controls on point and nonpoint sources 
of pollution, available dilution, and (when using toxicity testing) 
species sensitivity. Each of these regulations were previously 
discussed in Chapter 3. 

There is a degree of flexibility in the specific procedures a regub- 
tory authority uses in determining whether an excursion occurs or 
isreasonably expected to occur and inthe weight givento the 
various factors in conducting the evaluation of a specfic dis- 
charger. ~h~ (EPA)guidance 
for making these determinations is contained in the recornm- 
dations in Chapter 3. 

There are alroKVCral EPA poliicb that nRect these regulatory 
requiremen& including the "National Poiicy for the Development 
of Water Q ~ for Toxic Pollutants"~ (Appendix B-~ ~ 

2) and EPA3sMole Toxicity Permining Principles and 
EnforcementStrategy," (Appendix g4), This nates that 
"all maior Dermits and minors of concern must be evaluated for 
ptentialo; knowntoxicity (chronic or acute ifmore limiting)." In 

There is an element of judgment inherent in the specific permit 
limit derivation procedures used for an individual discharger once 
a decision has been made to develop a specific typeb limit 
case-specific considerations wiii usually dictate the most appw 
Mate appmach to betaken in individual situations. Nevertheless, 
the various assumptions used in the pennit limit development 
omcess should be consistent with the assumotions and orincivles 
r ~~~~~ ~ 

inherent in the f luent characterization and exposure aisessment 
stem orecedina m i t  limit development. The oermit limit 
&k;tbnp m ; b u n  uKd by the Grmittlng aut6ority should 
be tulbenforceable and should adequately account for efflu- 
ent v~rlablllty, consider available & c e ~ n ~water dllution. 
m t e c t  against acute and chmnic Impacts, account for com- 
&lance monitoring sampling frequency, and protect the 
wasteload allocation (WLA) and ultimately water quality stan- 
dards. To accomplish these objectlws, EPA recommends that 
pcrmltting authoritks use the Rat iniul  permit limit deriva- 
(lon orocedure dlscusud in Section 5.4 wkh the outouts from 
eithir steady state or the dynamic wasteload allocation mod- 
ellng. 

An understandina of the basic vrincioles of effluent variabilitv is 
central to water quality-based &rmitiing. Many of the concepts 
are the same as those considered in the development of technol- 
ogy-based limits. However, the process for dpplying the prin- 
ciples is substantially different, as explained below. 

5.2.1 
Effluent quality and quantity vary over time in terms of volumes 
discharged and constituent concentrations. Variations occur due 
to a number of factors, including changes in human activity over 
a 2Chour period for publicly owned treatment works (POlWs), 
changes in production cycles for industries, variation in responses 
of wastewater treatment systems to infiuent changes, variation in 
treatment system performince, and changes in cihate. Veiyfew 
&Iwnts=Inain Over long periods of time. Even in 
industries that operate continuous processes, variations in the 
~ ~ - ~ ~ ~ 

quality of raw materials and activities, such as back-wading of 
filters. cause peak in f luent constituent concentrations and 
MIUrnes. 

&ition, the strategy that *minal whole fluent data for a particular pollutant or pollutant parameter for toxicity if fluent 


limitr must be included in permits where necurary to ensure that a typical P O W  are plotted against time, the daily concentration 


State Water Qwlity Standards are met.~h~~ limbmust prop variations can be a n  (ree Figure 5-1, left-hand graphs). This 

erly account for fluent variability, available dilution, and species canbe described by cOnstmcting fnquency-Eoncentra- 


sensitivity." tion plots of the same data (seeFigure 5-1, right-hand graphs). 
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and Zinc Concentrations for Three Different Effluents 



8.2.2 ~ I ~ l h a w t m m d ~ & 4 lm hnnlt 
U M S  

Based uuwn the shaw of the curve of a frequency-concentration 
plot, th6 data w n  be descrikd in terms d a particular type of 
statistiwl distribution. The choices for rtatinical distribulions 
include normal (bell-shaped). lognormal (pit jvely skewed), or 
other variations on the lognormal distribution. From the vast 
amount of data that EPA h& examined. it is reasoMMe to assume 
(unless specific data show otherwise).that treated elfluent data 
follow a loanonal  distribution. This is because effluent values 
are non-negative and treatment efficiency at the low end of the 
concentration sale is limited, while effluent concentrations may 
vary widely at the high end of the scale, reflecting various degr& 
of treatment svstem performance and loadtnqs. These factors 
combine to picduce the characteristically po$i ly skewed a p  
warance of the lognormal c u m  when data are plotted in a 
frequency histogram. Appendix E discusses the basis.for conclud- 
inq that effldent data are typiwlly lognormally distributed, aswell 
a&ecommendations for handling d& sets from treatment plants, 
that follow some other type of distribution. 

Effluent data from any treatment system may be described using 
standard descriotive statistics, such as the mean concentration of 
the poll~tant o; pollutant parameter (i.e., the long-term average 
lLTAl and the coeff~cient of variation ICVI). The CV is  a standard 
;tatiitiwl measure of the relative variations of a distribution or set 
of data, defined as the ratio of the standard deviation to the 
mean. Using a statistical mcdel, such as the lognormal, an entire 
distribution of values can be projected from limited data, and 
limits can be set at a specified probability of occurrence. Figure 5-
1shows the frequency-concentration curve and the relative posi- 
tions of the concentrations corresponding to the mean for the 
data. 

D.w 

Figure5.2.. Relatlonshlp Behueen a Slngle Wasteload 
Allocation and T& Long-Term ~ i e n g e s  

for Dlffcrent Coctficknts of Varirtlon 

All permit limits, whether technology-based or water quality- 
bwd, are set at the upper bounds of acceptable performance. 
The purpose of a permit limit i s  to specify an upper bound of 
acceptable elfluent For technology-baxd requirements. 
the limitr are bawd on proper operation of a treatment system. 
For water quallty-based requirements, the limits are bared on 
maintaining the dfluent quality at a level that will comply with 
water aualitv standards. even durina critical condition; i n  the 
ieceiving waier. Tkse rquirementr are determmed By the WLA. 
Thc WLA dictates the required elfluent quallw which def~nes the 
desired level of treatmeni plant performance br target LTA. 

In the development of technology-based effluent lhm~ts gu~de- 
lim,the operating records of various wastewater treatment faclll. 
ties for a Darticu~ai wteaow of discharoer are examined. Based 
on the effiuent data for &e ireatrnent fGilities, a compositemean 
or LTA value for the parameter is determined. This LTA value, 
with relevant estimates of variability, is then used to derive efflu- 
ent limit guidelines, which lead directly to permit limits. 

In contrast the process operates in reverse for water quality-based 
permit limits. The W h  determined from water quality stan- 
dards, defines the appropriate discharqe level, which in turn 
determines the requiiie target LTA forihe treatment facility in 
order to meet that WLA. Permit llrnlts may then be derived from 
this targeted LTA and CV. Figure 5-2 illukrates the relationship 
among the various natistlcal parameters. k these figures show, 
highly variable effluents require a much lower targeted LTA to 
meet the WLA and account for the variability that occurs in 
elfluent concentration above the LTA. 

It is extremely important to recognize that the various statist~cal 
principles and relationships discussed above operate in any dis- 

01YarlatiOn ins lare. I* 

Figure 5-2b. Long-Term Average Per Unit Wasteload 

Alloution as a Funnion of the Coefficient of Variation 




charge situation-whether or not they are specfcally recognized ations, a water quality-based permit limit may be derived to 
or accountedfor. Where a permit limitderivation proceduredoes enforce the WLA. The method used to derive the permit limits 
not address these principles specifically, the permit writer will be must be consistent with the nature of the WLA 
imolicitlv assumino that there are enouah conservative aaumn-r - ~,- - ~ - s. . 
tions built into other steps In the process (e.g., water quality The WLA addresses variability in f luent  quality. For example, a 
models. "buffer beween Dcrmit limits and actual owratina WLA for human health pollutantsis typically e x p r e d  as a ~ingle 
~ ~ - ~ ~ .- - ~ 

conditions) to ensure that thire will beno reamabkpot&tialf~ level of receiving watdr quality neceisaryto provide protectibn 
excursions above water quality standards. against long-term or chronic effects. On the other hand, a WLA 

for toxic wllutants affectina aauatic life (with correspondina 
duration&d frequency requhments) should describe le'vels n 6  
essaw to Drovide ~roteztionaaainst both short-term and lonq-

The NPDES regulationsat40 CFR 122.4S(d) requlrethat all permit term'eff&. 
- -

limitsbeexpressed, unlessimpracticable, as bothaverage monthly 
and maximum daily values for all discharger other than POWs 
and as averaoe weeklv and averaoe monthly limits for POWs. 5.3.1 swstiai~ I O ( L POf mAr 
The maxlmuk dally hrmi t  limit &DL) Is the highest allowable Direct use ol a WLA as a permit lhmit creates a sign~ficantrisk that 
discharge measured during a calendar day or 24-hour period the WLA will be enforced inconectly, since effluent vanabil~tyand 
representing a calendar day. The avenge monthly permit limit the probability basis for the limit are not considered specifically. 
(AML) is the highest allowable value for the average of daily For example, the use of a steady state WLAtypically establishesa 
dischargesobtained over acalendar month. The averageweekly level of effluent quality with theassumptionthat it is a value never 
permit limit (AWL) is the highest allowable value for the average to be exceeded. The same value used directly as a permit limit 
of daily discharges obtainedover a calendarweek. could allow the WLA to be exceeded without observing permit 

violations if compliance monitoring was infrequent. Confusion 
EPA believes that a maximum dailv wrmit limit can be directly can also result in translating a longer duration WLA requirement 
used to expressan effluentlimit for alitoxic pollutantsor pollutah (e.g., for chronic protection) into maximum daily and average 
parameters except chronic whole effltient toxicity. The typical monthly permit limits. The permitwriter must ensure that permit 
toxicity test used to measure chronic toxicity consists of samples 
collected from at least 3 different days over a 7day period. 
Therefore, the test docs not measuretoxicityinany given 24-hour 
periodor calendar day, but rather measurestoxicity over a 7day 
oeriod. The toxicity could be caused by any one sample or a 
kombination of saiples. To address thi; sit"ation, ~ ~ ~ n c o m -
mends that the wnnlt contsln a notation indicating that 
when chronic toxicity tests are requlred in spennit, the MDL 
should be Interpreted as signlfylng the maximum test result 
for the month. 

,Additionallv. in lieu of an AWL for POTWs, EPA recommends 

limits are derived to implement a WLA requirement correctly. 
Potential proMem areas are as follow% 

The WLA must be enforced in a regulatory context by 
translating it into MDLs and AM&; then and only then, will 
compliance monitoring associatedwith permit limits allow 
the regulatory authority to determine whether or not such 
perrnit limits are violated. 

The WLA that assumes that the discharge is steady state 
(i.e., not changing over time) requires a limit derivation 
assumption regardinghow the effluent may vary. 

establshing an MDL (or a maximum test result for chronic tox~c- MDLs and AMLr average monthly lim~tsmust be developed 
ity) for toxic ~ollutantsand pollutant parameters in water quality SO that thev are consistent witn each other and mandate 
permitting. his is appropriate for at ieast hvo reasons. Firit, the 
basisfor the 7-dayaveragefor POWs derives from the secondary 
treatment requirements: This basis is not related to the need for 
assuring achievement of water quality standards. Second, a 7day 
averaae. which couldcom~riseUPto sevenor moredailv samoles. 
could-average out peak ionic concentrations and th&fo& the 
discharqe's ~otentialfor causing acute toxic effects would be 
missed- A MDL which is meas& by a grab sample, would be 
toxicoloqically protectiveof potentialacute toxicity impacLs. 

The WL4 provides a definition of effluent quality that is necessary 
to meet the water oualitv standards of the receivino water. The 

the requir& level of wastewater treatment facility pelfor-
mance. 

If the acute WLA is used alone directly as the MDL, the limit 
will not necessarily be protective against chronic effects. If 
the acute WLA is used alone directly as the AML, the limit 
can allow excursionsabove the W e  within each month. 

If the chronic WLAis used alone as an MDL, the limit will be 
protective against acute and chronic effects but at the 
expense of being overly stringent. If the chronic WLA is 
used alone as the AML, the limit may be protective against 
acute and chronic effects dependingupon effluent variabil-
ity. 

The objective is to establishpermit limits that result in the effluent 
meeting the WLA under normal operating conditions virtually all 
the time. It is not possible to guarantee, through wrmit limits.. . .~.~,~~, -~ ~ ~ ~ ~~~ 

WLA is basedon ambient criteria and the exposure dithe resident that aWLA will n&r be exceeded. It is possibl< however, using 
aouatic tommunitv or humans to toxic condkions. Once a WLA the recommendedpermit limit derivationprocedures, to account 
has bee; develoded, accounting for all appropriate consider- for extremevaluesandtoestablish low probabilitiesof exceedence 



of the WLA in conformance with the duration and frequency 
reouirements of the water aualitv standards. This is not to sua- 
$;that permit writmshouid aiurnea probabilityolexceeden~e 
of the WLA. but rather. that thev should develop llmlts that will 
hake an e x d a n c e  aaeV smali likelihood. 

Since effluents are variable and permit limits are developed based 
on a low probability of exceedence, the permit limits should 
consider effluent variabilitv and ensure that the reauirite loadina .-~-~ 

from the wLA i s  not exc&ed under normal conditions. In effG 
then, the limits must "force" treatment plant performance, which. 
after considering acceptable effluent variability, will only have a 
low statistical probabiliw 01 exceedina the WLA and will achieve -
the desired &dings. . 
Figure 5-3 shows a number of important aspea of the relation- 
ships amona the various statistical parameters. In this illustration, 
the most limiting LTA (after comparing the LTAr derived from 
both acute and chronic WLAr) has been chosen for the chronic 
limiting condition. The more restrictive LTA will automatically 
meet both WLA requlrements. If the effluent "fingerprint" for this 
LTA (and associated CV) is projected, it can be seen that the 
distribution of daily effluent values will not exceed the acute or 
chronic wasteload allocations for unacceptable periods of time. 
The duration and frequency requirements ofthe acute and chronic 
criteria for the wllutant or pollutant parameter will not be ex- 
ceded. This figure also illunrates perht limits derived from the 
more lim~ting LTA. (Note that for the scenario depicted in Figure 
5.3, the MDL is lower than the acute WLA an0 tne average 
monthly limit i s  lower than the chronic WLA. This scenario will 
occur &en a 99-percent probability basis is used to calculate the 
LTA and a 95-percent probability basis is used to calculate the 
permit iimits from the lower of the acute and chronic LTA. For 
other probability assumptions, these relationships will differ.) 

6.3.2 of W8t6r PlwlmModek ~d Mod81&@Uk 

Each of the two major types of water quality models, steady-nate 
and dynamic, and their WLA outputs have s~ecific implicauons 

Figure 5-3. Relationship B e t m n  Dally Concnetrations. 

Long-Term Average, Wasteload Allocations, 
-

and Permit Limits 

for the subsequent pennit limit development process. These 
impliitions are discussed in detail below. EPA recommends 
th;t steady-state W U  analyses generally be used by permit- 
ting authoritiesInmost uses and especially where few or no 
wh& fluent toxldty or rpccmc chcmlcal measurements are 
wdlabk, orwhmdally m e M n g  water flow records are not 
wdlabk. T m l u e ,  steady-state-models, although potentially 
more protectke than necerraty, can provide toxicologically pro- 
tective w l t r  and are nlat idv s h k  to use. lf-adeauate 
rrccMngmterRownd f l u e n t  co&ntration data are ivail- 
able to &mate hqucncy dlstdbutlons, EPA recommends 
that o n  of the dynamk WLA modeling techniques be used to 
derive WUs that will more exactly malntain water quality 
standards. 

Steady-State Morkllng 

Traditional singlevalue or hvo-value steady-state WLA models 
calculateWat critical conditions, which are usually combina- 
tionr of worstcaw assumptions of flow, effluent, and environ- 
mental effects. For example, a steady-state model for ammonia 
considers the maximum effluent discharge to occur on the day of 
lowest river flow, highest upstream concentration, highest pH, 
and highest temperature. Each condition by itself has a low 
probability of occurrence; the Combination of conditions may 
rarely or never occur. Permit limits derived from a steady-state 
WGmodel will be protective of water quality standardrat the 
critical conditions and for all environmental conditions less than 
critical. However, such permit limit5 may be more stringent tnan 
messav to meet the return frequency requirements of the water 
quality criterion for the pollutant of concern. 

On the other hand, a steady-state model approach may invoke 
simplifying assumptions for other factors, such as ambient back- 
around concentrations of a toxicant, multiple source discharaes 
b a toxicant, number of pollutants causing toxicity, incorrkt 
effluent variability assumptions, and infrequent compliance moni- 
toring. ~heeffecioftha;typesoffaaors,&pecially liunaccounted 
for in the WlA determination, can reduce the level of protective- 
ms pmidedby the c r i b 1condition assumptions of the steady- 
state model approach. Therefore, when using a steady-state WIA 
model, the permining authority should be aware of the different 
arrumptions and factors involved and should consider these as- 
sumptions and factors adequately consideration when develop- 
ing permit limits. 

In general, steady-state analyses tend to be more conservative 
than dynamic models kcause they rely on worst case assump- 
t i i s .  Thus, permit limits deriwd from these outputs will gener- 
ally be lower than limits derived from dynamic modeis. 

a) Shgk Value Fromo Steady-StoleAnotysis 

Some singlevalue, rteady-state modding has been used to calcu- 
late onlv chronic W.These models oroduce a sinale effluent 
loadindvalw and no information about &fluent variabzty. Single 
value WLAr are Iwicallv b& u w n  older State water aualitv 
standards that dd not & i i  lev& for both acute and chronk 
protection but only include o m  level of protection. Such outputs 
blso would be found where a model is based upon protection of 
human health, since only a single long-term ambient value nof 
concern. 



b) Two Volues from Steody-StoleAnobls 

Steadv-state modelina for ~rotectionof ww& life w n  rpedfy 
two sets of calculation~nefor against acute effe& 
and one for protection aaainst chmnic effects. These models 
must use wat& quality critka spcnylng tvmkwlsd protection. 
In addition, these models include considerationsof mixing zones 
when developing W k  to afford two levels of pmbxtbn. Like 
the single-value, steady-state modds, these models do not pm-
duce any information about acceptable fluent variability and 
may require additional calculations to be translated into permit 
limits. 

For complex discharae situations (i.e., multiple dischargers or 
complexenvironment& factors needingconsldmtion), water qual-
ih, models and associatedW k  are typically developed by s p e  
cLalized water aualiw analysts in the maulator, authority. How-

< 

' ever, the writer is oiten requiredi odevelop awater 
model and WLA prior to permit iimit derivation. in the latter 

toxic pollutantsand toxicity. Dmerences in approachesare ohen 
attributable to the need for consistency betmen permit limit 
derivation procedures and the assumptions inherent in various 
Noes of water aualii models and WlA outputs. In addition. 
&nitting authdrit&also are constrainedby-legalrequirements 
and policy decisions that may apply to a given permitting situa-
tion. In some instances, however, permitting pmcedures hare 
been adouted without careful consideration of the toxicological 
principks'involved or the advantages and disadvantages o f  the 
procedure. 

To avoid t h i s  problem, EPA recommends that the statlrtical 
armit limit derivation proceduredexrfbed in this chapter be 
;Icdfor the derivatio(; of both chemicaCspeciRc and whde 
fluent toxiclly limits for NPDES permits. The type of WIA 
chosenfrom &ich to derivethe limitr is a miner of case-@-care 
applkation, as &ermined by the permittingauthority. Although
&are advantages and disadvantages associated with each of 
the procedures, €PA believes that the statisticalderivation pmce 

sitjatlon. waterq;ality modelingusually consistsofsimplesteady- dwes will N u n  in the most defensible and protective water 
state oi1ut;on models usingworst.cas~mumptions. quality-based permit limitsfor both specific chemicals and whole 

Dynamic Modeling 
effluenttoxicity. 

The followina section explains EPA's recommended permitting 
Dynamic models use estimates of effluent variability and the proceduresand highlight; advantagesand disadvantagesof van-
variabllw of receiving water assimilationfacton to develop dflu- ws other approaches. W~ththis information, permitting authori-
ent reqGrements in terms of concentration and variability. The ties will be better informedwhen decidingon the most appropri-
outputs from dynamic models can be used to base permit iimits ate permit limit derivation approach. For example, permining 
on brobability estimates of receiving water concenfratians rather 
than worst-case conditions. The advantages and disadvantages 
of various types of dynamic modelsare provided in Chapter 4. 

In oeneral. dvnamic modelsaccount for the dailyvariations of and 
relitionsnap; between flow, elfluent, and env;ronmental condi-
tlons and thereforedirectly determinethe actualprobabilitythat a 
*ate, quality standaros cxceedence will occur. Because of this, 
dynamic models can be used to develop W k  that maintain the 
water ouaiitv standards exactlv at the return h e n c v  reauire 

authoritiesmay decideto derive water quality-basedpermit iimits 
for ail dixhargers using a steady-stateWLA model as a baseline 
iimit determination. If time and resources are available or ifthe 
discharger imU takes the initiative (after approval by the regula-
to~yauthority), dynamic modelingcould be conductedto further 
refine the WLA from which final permit limits would be derived. 
Boa 5-1 presentsexamplepermit limit calculationsfor each of the 
principallypesof WIAoutputs discussed in Section 5.4.1. Permit 
iimits derived from dynamic modeling are usually higher than 
those based umn steady-state modeling. The difference is re-. , . . .  

menuof the standards. ~inceihisreturn frequency a usuallyone flected in Box 5-1and ha; beenobse~edkactualappllcatlons [ I ,  
event in 3 vears. WLkdevelowd bvdvnam~cmodelsaretv~callv. 2, 31. In addhon, the case studies in Chapter 7 ~llustratehow. . .. . 
higher than those developed'by st&&-state models. water quality-based permit limits are derived and compare the 

resultsof limitsderived from steady state and dynamic wasteload 
Atargeted longtermaverage performanceleveland coefficient of allocations. 
variat~oncan be derived from each type of dynamic model w t -
put, but some of the outputs requiresome additional manipuia-
tion of the data to develop the LTA andthe CV. These parameters s.rr PA nmmm&nm ik Panming for ~ q w c  
are also the startina ~ o i n tfor the statisticaloermit limit derivation uf.Rvtmtlm 
procedure>discus% in the next section. ' Cont!nuous Simula- Permit Umit Derivation from Two-Vpiue, Steady-State Out-
tion models offer an array of effluentdata that require further putcfor Acute and Chronic Pmtestion 
manipulation to develop an LTA and a CV. Both Monte Cab 
and Lognormal Probabllistlc models pmduce an LTA and CV, A number of W k  have two results: acute and chmnic require 
which can be ureddirectly in developingpermit limits. Chapter4 rnents. These types of allocations will be developed more oftenas 
details the differentdynamic models. Specific instructions for the States begin to adopt water quality standards that provide both 
use of dynamic modelsare available in the referenceslistedat the acute and chronic protectionfor aquatic life. These WLA outputs 
end of Chapter 4. need to be translated into MDLs and AMb. The following 

methodologyis designedto derive permit limitsfor specificchemi-
cals as well as whole effluent toxicity to achieve these W k .  

5.4 Pi3lhlITUMiTDERn'Am A treatment performancelevel (LTA and CV)that will allow 
the effluent to meet the WIA requirement i s  calculated. 

There are a number of different approachescumnUy being used 
by permittingauthorities to developwater quality-basedlimitsfor 
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Where two requirements are specified based on different simply adopted as the permit limit, the possibilityexists for 
duration periods, two performance levels are calculated exceedance of the WLA due to effluent variability. Clearly, 
(Box 5-2, Step 2). however, effluentsare variable. Therefore. mrmit limits are 

BOX 5-1. &mple Cabulltionaof PermnLlmnatorwhole Effluent Toxicity 
from D 1 t f . m  Washload Allocation Data 

Av.lllblc DaU 
1 V w a s 1  Dylumlcd l  Slngk wanehud 

' JlouUon outDu( *&.tbn 
W u t W  Nlootion(WU) .- - 14.3 
kutr W a l l e m  Nlwlion (WU.) 2.M) - -. 
Chmnic W a n M  Nkt ion(WUc) 14.3 - -
AcutcChrmk lltio 4.62 - -
c&rmt dvui.uon (cv) 0.8 0.8 0.8 
Numberd Ympln per Monm(a) 4 4 4 

LagTermAvnagc (LTA) -. 9.44 -. 

Fmmmo-valuenewN t c  wastebd all-tlon rmm dytvmk modelwtpn 1 

WUa; WUa.ACR r 2.60.4.62 = 12.0 I 

LT& iWUc.e [0.5s2-2.32601 - 14.1.0.40 (fromTable 5.1) = 6.29 MOL = LT-e 12.326s-0.5&]=9.44.4.01 (fmmTable 5.2). 37.9 1- WU,,,.~ [0.50q2.2.326c4]=12.0.0.249 I 

(fromTable 5.1) = 2.99 1 
I 

MOL - LTAa,c.c [2.326a.0.5a2] - 2.99.4.01 (fmmTable 5-2) = 12.0 AML = LTA,.e 12.3260~-0.50n2]=9.44.2.27 (from Table 5.2); 21.4 , 
AML = LTA,,~.~ [2.3260n-o.son2]=2.99.2.27 (from ~ab~e5.2) = 6.79 

I 

! i 

For wholeeffluent toxicity only, the acute WLA is converted established using a value corresponding to a percentile of 

into an equivalent chronic WLA by multiplying the acute the selected probability distribution of the effluent (e.g., 

WLA by an acute-to-chronic ratio (ACR). This ratio should 95th or 99th percentile). 

Fmmsingle wartclod aIlwUon 

Optlon 1 
LTA iwu-e [0.5o2.2.326o] = 14.3.0.440 (fromTable 5-1) s 6.29 
MOL = L1A.e [2.32~.0.5$] - 6.29-4.01 (fromTable 5-2) - 25.2 
AML r LTA-c [2326a,-0.50n2] .6.29.2.27 (fromTable 5-2) = 14.3 

Oprlon2 

MDL -WIA - 14.3 

optimally be based on effluent data, but also can be esti- It allows comparisonof two independentW k  (acute and 
mated as 10, based on the information presented in Chap. chronic) to determine which is more limitina for a dis-

N o w  All calculations usethe 99th 
percentilez statisticfor calculation 
of long-term averages and permit 
limits. 

ter 1and Appendix A. charge. The WLAoutput providestwo number; for protec-

Permit limits are then derived dimly from whichever per- tion against two typer of toxic effects, each based upon 

formance level is more protective(Box 5-2, Steps 3 and 4). different mixing conditions for daferent durations. Acute 
effects are limited based upon 1-hour exposures at critical 

I AML r MDLI2 = 7.15 1 

Figure 5 4  presents a flow chart summaruingthe various steps in conditions, close to the point of discharge, or where neces-

th is  procedure. In addition, the equations used in Box 5-2 are sary, at the end of the pipe. Chronic effects are limited 

based on the lognormal distribution, which is explained in more based on M a y  exposures aher mixing at critical condi-

detail in Appendix E. The principal advantages of this procedure tions. These nquirementsyield d i i rent  effluent treatment 

.,ar l - . - r ihn~ kplr* . .  requirementsthat cannot be compared to each other with-
"8. "%,.,,-" -8 "... 

out calculatino the LTA arformance level the olant would.~ ~ ~ ~ - - ~~~r~ ~ ~~ 

This procedure provides a mechanism for setting permit needto maintaininorder to meet each requirement. With-

limits that will be toxicologically protective. A steady-state out this comparison (or in the absence of procedures that 

WLA uses a single value to reflect the effluent loading and address this comparison), the WLA representing the more 

thus is an inherent assumption that the actual effluent will critical conditioncannot be determined. A treatment sys-

not exceed the calculated loading value. If the WLA is tem will only need to be designed to meet one level of 



To set maxlmumdaily andavefap 
monmiypsnnii Umim&sod on 
acute andchmnk wasteload 
allocelions, uus me lollomg four 
st*: 

Convertme acute wasteload 
allocationto chronic toxic 
units. Skip to Step 2 tor 
chemical-specific limits. 

Calculate the long-term 
avenge wasleload that will

2 SBtisty the acute end chronic 
wasteload allocations. 

Determinethe lower (more 
3 limiting) of the two long-term 

averages. 

Calculatethe maximum daily 
and everap monthly permlt 
limits usingthe lower (more 
limltlng) long-term average. 

Tenn Moaning 

cv CcemoMtotwmo 

a StSrmsrddsvbIkn 

zw-vlts-

wu,  ~~~ 
hlscutswunhl 

wu, -wa&d 
albmmlnchrmcDxfc 
urma 

L T L  AM.bnpWmwmge 
-hmiw&un((s 

LTA, C h m  bnpbnnmmp 
wu*M 

TU, W l a d c u r l B  
TUc ~W~ 
ACR WLochrmemta 
MDL MUlMmdWyYrm 
MIL h v m w ~ w  

z 2-

Box 62 CIlcuMlng Pwmlt U m b  W rnW V d w  Wut .buJ AllOutlon 

' F u l l ~ d I W ~ o n k u n d h * p p n d u E  

Step 1 (for whole effluent t o d monly) 

WLA, (in TUJ = W U ,  (in TUJ ACR 

Step 2 (stanhere for chemial speci7iclimits) 

LTA.,, = WU,, e [o.s$- zal 
when d = ln(CV2+1) 
z = 1.645 for 95th percentile probability basis, and 
2 =2.326 for 89Ih percentile pmbsbilii basis 

LTA, = WU,. e [o.~?-
when a: = tn(CV'/4 +I) 
z = 1.645 tor 95th percantile probability basis. and 
z = 2.326 for 99th percentileprobability basis 

Step 3 

LTA = min (LTA,, LTA,,) 

stsp 4 

MDL = LTA. e 1'0-0.5021 

where d= ln(CVZ+l) 
z= 1.645 for 85th percenltkprobabilitybasis, and 
2 = 2.326 for gsth percentile probability basis 

2
AMLs LTA*e ['a" -0.50, 1 

wheree: - l n ( ~ V / n+I) 
z= 1.645 for 95th prcentib pmbml i i  basis, and 
2 = 2.326 for gsth p e m ' k  pr~6abililybask 



This procedure Drovides a toxicolo9icallv sound ao~roach. To 

Figure 5-4. Flowchart f w  Calculating PennHLimitsFrom 
Two-Value, Steady.Stste Wasteload Allocation 

for Aquatic Life Protection 

treatment for effluent toxicity-treatment needed to control 
the most limiting toxic effect. 

The actual numberof sam~lescan befactored into wrmit limit 

help the permit h te r ,  EPA has deveiop& tables (&Tables 5-1 
and 5-2) to be uKdto quickly determinethe necessary values. In 
addition, some permitauthorities havedevelopedtheir w n  com-
puter pmgrams to readily compute the necessary information 
from the appropriate inp&. 

Pennit Umlt DerivaUonFrom Dynarnlc Model Outputs 

The least ambiguous and most exact way that a WLA for specific 
chemicalsor for whole effluent toxicity can be specifiedby using 
dynamic modelingfrom which the WLA isexpressedas arequired 
effluent performance in terms of the LTA and CV of the daily 
values. When a WLA is expressed as such, there is no confusion 
about assumDtions used and the translation to wrmit limits. A 
permit wiiteican readily design permit limits to bchieve the WLA 
obiectives: The twes of dynamic exwsure analvses that vield a 
bin terms of required pirformance are the co~tinuoush u l a .  

tion, Monte Carlo, and lognormalprobabilitiesanalyses. Chapter 
4 providesa general discussion of these models. Guidancemanu-
als for developing WL& are listed in the references at the end of 
Chapter 4. Once the WLA is determined. the wrmit limit deriva-
tion'procedure which can be used for bothwhble effluent toxicity 
and specific chemicals, is as foilows: 

The WLA is first developd by iterativelv wnnino the dv-
namic model with succ~ssivelylower LT& until the model 
shows compliancewith the water quality standards. .The effluent LTA and CV must then be calculated from the 
model effluent inputs used to show compliance with the 
water quality standards. This step is onlv necessary for the 
MonteCarlo and continuous simulationmethods.. 

The permit limit derivation procedures described in Box 5-
2. SteD 4 are us& to derive MDL and AMU from the 
riquired effluentLTA and CV. Unlike these proceduresfor 
steady-state W M ,  there is only a sinale LTA that Drovides 
both-acute and chronic pro<ection,-and, thereiore, the 
comparison step indicated in Figure 5 4  and Box 5-2 is 
unnecessary. 

The principaladvantages of this procedure are: 

derivation procedures. 6 e  procedure providesthe means to .It prwides a mechanismfor computing permit limits that 
accurately determine the AML basedon the number of obser- are toxicologically protective. Ar with the procedure sum-
vations that will be taken. marued below for two-value, steady-state WLA outputs, 

The principal disadvantages of this approach are: 
the permit limit derivation procedures u d  with this type 
of output consider effluent variabiliy and derive permit 
limits from a single limiting LTA and CV.Some wrrnit miten have indicated that additional math-

ematicalcalculations asmciatedwlththese proceduresincrease Actual number of samples is factored into permit limit 
the burdenfor the m i 1writer and add what is wrceived to derivation procedures. This procedure has the same ele-
be an unnecessary itep. ments as d i x u w d  for the statisticalproceduresinOption 2 

wow.The use of a steady-stateWLA may result in permit limits that 
are more conservativedue to the aswmotion of criticai condi- Dvnamic modelina determines an LTA that will be ad-
tions. n&ever, theie lim$ still proiectiveof water quality e&tely protect i~ofthe WLA, which relies on actual flow 
criteria. The level of conservatism mav be mcessaw in those data thereby reducinathe need to rek onworst casecritical 
instanceswhere limiteddata preventainore precise&aluation flow conditionarw~ptions. 
of a WLA. 



Tabla 5-1. Beck CakulationsofLong-TermArerage 

The principaldisadvantagesof this procedurean: 

Necessary data for effluent variability and receiving water 
RMmay be unavailable, which prevents the use of this 

. 

.The amount of staff resources needed to explain how the 
limits w&e dewloped and to conduct the WIA also is  a 
concern. The permit documentation(i.e., fad sheet) will 
needto clearlyexplain the basisfor the LTAandCVandthis 
can be rewurce intensive. 

cv 

0.1 
0.2 
0.3 
0.4 
0.5 
od  
0.7 
0,a 
0.9 
1.0 
1.1 
1.2 
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1.4 
1.6 
1.8 
1.7 
1.8 
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Permit Limit Derivation From Single, Steady-State Model 
output 

Acute 

I o . s ~ - z o ]  
LTA,,, = W%,, 'e 

vhsre+=fn[C@+1],  
z .t ,645 lor 85m pm~emcumno. m b i v i t y .  and 
z. 2.326 for gem pmontile acunenseplobabiM~ 

W U  Mulupl*n 

elo.ssn.z.l 

ChmnIc 
(4-day average) 

[0.50,t.ze41
LTA, -WLA, e 

w n s n o p - h [ c @ / 4 + l ] ,  
1- 1.645br 95th wnentile occumnceprobabililyand 
1-2.328 lor Bolh w ~ ~ n l l l t ,mcunencapmbabiliW 

Some Statewater quality criteriaandthe correspondingWLAr are 
repomd as a singk valw frwn which to define an acceptable 
level of elfluent quality. For example, "copper concentration 
must not exceed0.75 milligramsper liter (mgll) instream." Steady-
state analyses assume that the effluent is constant and, therefore, 
the WLA value will never be exceeded. This presentsa problemin 
deriving permit limits because permit lirnib need to consider 
effluentvariability. 

wm 
panmule 

0.853 
0.730 
0 . w  
0.511 
0.514 
0.4.9 
0.432 
0103 
0.379 
O . m  
0.344 
0 . m  
0.318 
0.310 
0 . m  
0.208 
0.290 
0.235 
0.181 
0 . m  

OW, 
penmule 

0.797 
0.643 
0.97 
0.440 
0.373 
a321 
0.281 
0249 
0 2 4  
0.201 
0.187 
0.174 
o.ve 
0.1s 
0.144 
0.137 
0.131 
0.126 
0.121 
0.117 

CV 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 

-

W U MuBpiien 

e [ o.50,2.~0, I 

95m 
PeMnlile 

0.922 
0.853 
0.791 
0 . M  
0.6111 
0 . w  
0 . W  
0 .91  
0.511 
0.514 
0.490 
0.-
0.449 
0.432 
0.417 
0.403 
0 . W  
0.370 
0.309 
0.393 

9gth 
Percentile 

0.891 
0.797 
0.715 
0.843 
0.581 
0.527 
0.481 
0 . w  
0.404 
0.373 

' 0.345 
0.521 
0 . W  
0.281 
0 . W  
0.249 
0.236 
0.224 
0.214 
0.201 



Table 5-2. Cakulation of Permit Umlb 

The proper enforcement of this type of WIA depends on the 
parameter limited. For nutrients and biochemical oxygen de-
mand (BOD), the WIA value generally has been used as the 
avenae daih, wrmit limit. However, the imma  associated with 

cv 

0.1 
0.2 
0.3 
0.4 
0.5 
0.8 
0.7 
0.8 
0.9 
1.0 
1,l 
1.2 
1.3 
1.4 
1.5 
1.8 
1.7 
1.8 
1.9 
2.0 

toxic bllutdnb is more time dependent, as&ed in the 4day 
average duration for the criteria continuous concentration(CCC) 
(see chapter 2). Where there is only one water quality criterion 
and therefore only one W& permit limits can be developed 
usingthe following procedure: 

Mulmum Dally Llmlt 

MDL = LTA.e 1za-0'5'1 

v h e n a 2 = k f C V 2 + 1 ] .  
z = 1.645for 95m p e m l b  acumna,  p0b.bllii.and 
z =2.328lor Ogm peramtile mnmmpmbabllii 

LTA muWi8n 

elr.-o.5&l 

Consider the single WIA to kthe chmnic WLA and derive 
an chmnic LTA for this WLA using theprocedures in Box 5-
2 (Step 2, PaR 2). 

95m 
peramtib 

1.17 
1.90 
1.55 
1.75 
1.95 
2.13 
2.31 
2.48 
2.84 
2.78 
2.91 
3.03 
3.13 
3.23 
831 
3.38 
3.45 
3.51 
3.55 
3.W 

Average Monthly Llmlt 

I IAML = LTA e 

*erean2~'n[CV2'n+11~ 

z = 1.845 for 05th pmmile.  
z -2.3261or081h wmmile, and 
n=numberofsamplWmomh 

Derive MDb and AMb using the procedures in Box 5-2 
(Step 4). 

m 
p e m b  

1.25 
1.55 
1.90 
2.27 
2.86 
3.11 
3.5% 
4.01 
4.48 
4.90 
5.34 
5.78 
8.17 
8.56 
8.93 
7.28 
7.83 
7.95 
8.18 
8.55 
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LTA Muniplien 

elZen .0.5on21 

The principaladvantages and disadvantagesof this procedureare 

95Lh 
P m m i k  

n.1 n-2 nnc n-10 ~ 3 0  

1.17 1.12 l.W l .W 1.03 
1.38 1.25 1.17 1.12 1.08 
1.55 1.38 1.18 1.18 1.09 
1.75 1.52 1.38 1.25 1.12 
1.95 1.86 I.* 1.31 1.16 
2.13 1.80 1.55 1.38 1.19 
2.31 1.81 1.65 1.15 1.22 
2.48 2.07 1.75 1.52 120 
2.64 2.m 1.85 1.58 1.29 
2.78 2.33 1.95 1.86 1.33 
2.91 2.45 2.01 1.73 1.3% 
3.03 2.66 2.13 1.m 1.98 
3.13 2.87 223 1.87 1.43 
323 2.n 2.31 1.04 1.47 
3.31 2.W 2.40 2.00 1.50 
3.38 2.95 2.48 2.07 l.Y 
3.45 3.03 2.55 2.14 1.57 
3.51 3.10 2.84 2.20 1.81 
3.58 3.17 2.71 2.27 1.-
3 . 0  323 2.78 2.33 1.88 

similar to those for the two-value permitiimit derivation method 
discussed previouslyexcept that it does not examine two WLAr. 

881h 
Pemmib 

c-1 n-2 n-4 nn.10 n.30 

1.25 1.18 1.12 1.08 1.01 
1.55 1.37 1.25 1.18 1.08 
1.90 1.59 1.40 1.24 1.13 
2.27 1.83 1.55 1.33 1.18 
2.88 2.08 1.72 1.42 1.23 
3.11 2.37 1.90 1.52 1.28 
3.58 2.86 2.04 1.62 1.33 
4.01 2.96 2.27 1.73 1.39 
4.48 3.28 2.48 1.84 1.44 
4 . ~ 0  3.58 2.86 1.06 1.m 
5.34 3.91 2.90 2.07 l.m 
5.76 423 3.11 2.19 1.62 
8.17 4.55 3.34 2.32 1.86 
6.58 4.8% 3.55 2.45 1.74 
8.93 5.17 3.78 2.- 1.80 
7.29 5.47 4.01 2.71 1.87 
7.63 6.77 4.23 2.84 1.-
7.95 6.06 4.48 2.- 2.W 
8.20 8.34 4.86 $12 2.07 
8.55 a81 4.90 3.18 2.14 

5 a n r ~ t o ~ f l w ~ ~ u f c  
Other approaches for translatingWLA outputs into permit limits 
have been used by some permittingauthorities. These methods 
may combine dements of the statistical procedures discussed 
earlier with specific technical and policy requirements of the 
permitting authority to derive limits that may be protective of 
water quality and consistent with the requirements of the WIA. 
Such approaches may use simplified statistical procedures. 



For example, some permining authorities a w m  a value for the from a at iNcal standpoint. In addition, it is not p s l b k  to 
CV and an acute to chronic ratio above whlch the chronic WLA detmninedou-respnremlatiwhiprforthe t o t  organismswith-
will always be morelimiting. Whtmsuchsimplifyingassumptions out using multipleeffluentwncentrations. Doseresponsec u m  
are used, the need to compare LTAs derived horn acute and are uvfui in determining quality auurarKe of the tests and in 
chmnic steady-state models is unmcwry. Similarly, for defining t h W  dosagesfor regubtory purpora. Becausethe 
sumed values for n, CV, and exceedmce pmbabilQ, the various drarb.ck of the approachg e ~ l l youtweigh the benefits, €PA 
eauatianr shown in Box 5-2 can k s i m d W  further. such that rrcommendsthatrvhdecffkmtt ~ x i d t ylimitr kestablished 
-7.- - - -
the AML will always be a constant tn& d the MDL uJng a NU~*.I derivation procedure that adquatdy K-

counts foremuen1vui.MUy.nd that monitwing for compll-
These approaches allow the permit writer to rapidly and easily ~ c ewlth whdc effluent toxic it^ l k n b  be conduct4 usinga 
translate the results of WL& into petmit limits. However, the full dllvtion serkr. 
permit writer clearly should understand the underlying pmcc 
durn and carefully explain the basis for the chosen aumption. b%en &ng a whole effluent toxicity limit to protect against 
Appropriate Stateor regionalguidance documts also should be acute effects, some permining authorities use an end-of-pipe 
referenced. approach. Typically, these limitsare establishedas an LCspl00-

w e n t  effluent at the end of the pipe. These limitsare routinely 
Another approach used by some permit wthodtier in- the . &t withoulanyconsiderationas to the fate of theeffluent and the 
direct use of the WLA as a ~ermitiimir. This approachsometimes concentfationsof toxicant(s) after the dischargeententhereceiv-. . 
involves the followingsteps: 

The WIA value for toxic pollutantsis usedas the MDL 

in the abxnce of other information, permit writers typically 
divide the MDL bv 1.5 or 2.0 to d e r h  an AML (depending 
on the expectededangeof variability). 

-

The principal advantageof this appmachi s  that it is  verystraight-
forwardto implementand requiresminimal resources. Thedisad-
vantageof this option is that ihe avenge monthly limits must be 
derivedwithout any informationabout the variabilityof the efflu-
ent Datameter: thedore, the permit writer cannot k sure that 
the& are pr&ecti& of water quality criteria. Con-
verselv. iimitsderivedfrom this approach may koverly ruingent. . 
and Lbject to challenge. 

-

The direct application of both the acute and chmnic W k  as 
permit limits is another appmach that has been used. IheWLA 
developed for protection against chmnic efkcts k c o m s  the 
average monthiy limit and the acute WLA becomes the MDL. 
EPA discourages the use of this approach. Since effluent vari-
ability has not been s ~ ~ l l yaddressed wlth this approach, 
compliance with the monthly average ( 3 W y )  dRu4nt llmit 
during critical conditions could exceedthe chronic ( a y )  wv\. 
Whether standards are violated with excersk ItqWnCy under 
such conditions would depend umn whether the Conditions 
represented by the worst-& akumptions of the model a h  
were occunino at the same time. By contmt, compliance with 
lhmits that we& developed usingstatisticalprocedureshaw a low 
chance of leadina to W U  excursions before efflucnt variability is 
accountedfor inh iv ing the limits (seeFigure5-3). 

Another permitting approach is to use a namtive "no toxicity" 
limit that is measured using a toxicity tC1ting method that em-
oiovs oniv a control and a dnale exwsureat the recdvina water 
;oicentrkion (RWO. This i;so&timcs refmcd to as 
fail" toxicin, ten. Althouah'thew tutr can kk expenrive than 
full dilutior; series testin; they provide no knnrkdgeas to the 
extent of toxicin, present during the test and therefore no data 
concerningthe kiiousness of tKe impact or the amount of toxic-
ity reduction necessary. The death of a singk tot animal can 
&cur at anvconcentrationlevelh n dthe k h l ithqrhold for 
the test organism; therefore, suc6 a test Is much less powerful 

ina water. Limits derived in this way are not water quality-based 
i~nksandsuffCrfrom significant deficienciessince the toxi&ty of a 
wWutant depends mostly upon concentration, duration of expo-
kure, and r&titlveness 61&exposure. This is especially me in 
fluent dominated waten. For example, an effluent that has an 
~ C ~ p l O opercent contains enough toxicity to be lethal to up to 
50 percentof the tett organisms it the effluent is dischargedto a 
~oi-f lowreceivinawaterbQdv that providesno morethan athree. 
fold dilution at &criticalRAW, significant mortality can mcur in 
the receiving water. Furthermore, such a limit could not assure 
protection against chronic effects in the receiving watwbody. 
Chronic effects could occur ifthe dilution in the receiving water 
mui t ip l !  by the acute to chronic ratio is greater than 100 
percent Therefore, in effluent dominated situations, iimits set 
"sing this approachmaybeseverely und@rprotective.incontrast, 
whole effluent toxicity limits set using this approach in very high 
receivina water flow conditions may be overb restrictive. &-
cww 2 t h e ~problems, €PA &ommen& that all whole 
effluent toxicity iimits be set as water quallty.based l i m b  and 
that to dolo,the natistlcal pennit limit derivation procedures 
d l m u c d  in Section 5.4.1 be followed. 

5.8 mIr*.mmak#U* 
Water quality-bad permit limit development for discharges to 
marine and estuarine waten f o l l w  the same basic steps as the 
water quality-based zpproach for freshwater dischag&. There 
are somed i i n c e s  in the water quality criteria u x d  as the basis 
for protection, the designation of mixing zones, and the water 
auali i  modelsused to develop W k ;  however these differences 
are &re%& in the WL4. I& dixussions of these ekments in 
pmiornchapters.) Inaddition, there are some special regulatory 
wnsiderationsassociated with thex types of dischargers, includ-
ing special nviemd permitswith such pmgrams as the Coastal 
Zone Ma~gementProgram. Some discharges also require an 
Ocean DischargeCriteria Evaluationunder Section 403(c) of the 
CkanWater Act (CWA). 

-emit dcvelo~mentto wotect against ceftain routesof exposure 
is another k& c0nside;ation. Ggesting contaminated fish and 
shdlfish is a toxic chemical exposure route of serious potential 



human health concern for which there is no intervening treat- R e m :  The LTA must be lower relative to the WLA to 
ment process, unlike thedrinking water route of exposure. Emu- accountfor theextremevalues observedw t h  high CVs. An 
ent limits desiqntd to mnt aquatic life criteria for individual LTA with a zero CV equals the WLA. 
toxicants and &ole effluent toxicityare not necessarilyprotective 
of toxic pollutant residueformation in fish or shellfish tissue. 

.EffectofchangesinCV on derivation of permit limits for 
a Rxed probability basis: Ai the CV increases, the permit 

Developing permit limits for pollutants affecting human health is limits increase (become less stringent); and conversely, as 

somewhat dierent from xtting limltr for other pollutants be- the CV decreases, the permit limits decrease(become more 

cause the exposure period is generally longer than 1 month, and Ningent; see Figure5-6). 

can be up to 70 vears, and the average exposure rather than the Reason: A highervalue for the wrmit limit is producedfor 
maximum expoiure is usually of cokcem. Because compliance the same LT& as the CV increases in order'to allow for 
with wrmit limits is normally determined on a daily or monthly fluctuationsabout the mean. Foilowinqthe steps in Box 5-
basis,'it is  necessaryto set human health permit limitr that meet a 2 to derive the LTA will account for such fiuctu;tions. 
given WLA for every month. Ifthe procedures described previ-
ously for aquatic Me protectionwere used for developing permit . Effect of changes in number of monthly samples on 

limits for human health pollutants, both MDLs and AMLs would pennit limftr: Ai the vaiw for "n" (number of observa-

exceed the WLA necessary to meet criteriaconcentrations. Thus, tions) increases in the average monthly permit iimit deriva-

even if a facility was discharging in compliancewith permit limits twn equations, the average monthly permit limit decreases 

calculated using these procedures, it would be possible to con- to a certain point. The effect on the average monthly iimit 

stantly exceed the WLA. This approach clearly is unacceptable. In is minimal for vaiues of n greater than approximately 10. 

addition, the statistical derivation procedure is not applicable to Conversely, as the vaiue for "n" decreases, the AML in-

exposure periods more than 30 days. Therefore, the recom- creases until n=l, at which point the AML equals the MDL 

mended approach for settinq water qualiwbased limits for hu- (see Figure 5-7). 

man health brotectionwith rtatistical procebures is as follows: 

Set the AML equal to the WLA 

Calculate the MDL based on effluent variability and the 
number of samples per month using the multipliers pro-
vided in Table 5-3. 

This approach ensures that the instream criteria will be met over 
the long-termand provides a defensible method for calculatinga 
MDL. Both an MDL (weekly average limit for POTWs) and a 
monthly average limit are required by €PA regulations, unless 
impracticable (40 CFR 122.45(d)) and are applicable for human 
health protection. The MDL sets an upper bound on effluent 
values used to determine the monthly average and provides a 
measure of effluent compliance during operational periods be-
tween monthly sampling. 

5.5 SPECIAL COKUDERATlOll8INUSE OF 
S l A l S l l W  PEllMlTUMlTDERIVATION 

The following discussionsummarizes the effect of changes in the 
various statisticalparameterson the permit limitsthat are derived. 
An understanding of these relationshipsis important for the per-, 
mit mlter. Additional considerationsof each of these oarameters 
with respect to the statistical methods for permit limit derivation 
also are discussed below. 

6.5.1 E f f a C t o f ~ i 7 f ~ I ~ r n ~  
Ulnllr 

Effect of changes in CV on derivation of LTAfrom WLA: 
&the CV increases, the LTA decreases; and conversely, as 
the CV decreases, the LTA increases (see Figure5-5). 

Ream: Ac n increases, the probability distributionof the 
n-day average values k o m e s  less variable (narrower) 
around the LTA. Therefore, the 95th or 99th percentile 
value for an n-day average decreases in absolute vaiue as n 
increases. (See additional discussion in Section 5.5.3.) 

Effect of changes In probability basis for permit limirr: 
As the probabiiity basis for the permit limits expressed in 
percentiles(e.9.. 95 percent and 99 percent) increases, the 
value for the permit limits increases (becomes less strin-
gent). The converse is true as the probability basis de-
creases (see Figure5-6). 

Figure 5-5. LongTerm Average as a Function of the 
Coefficient of Variation 
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Reason: There is a higher probability that any randomly illustrates how the CV.number d sampkr and probability basis 
chosen dfluent samde will be in comdlance with its wrmit affmbn derivation of the AML Figurn 5-9illustrates the com-
limits, i f  those limit; are statistically &Igncd to be ireater bind effectof the CV and the probabilitybasis on the Mvation 
than a high percentage (e.g., 95' percent) of all possible of the MDL 
values for a given LTA and CV. 

The overall combination of the coefficient of variation, number of S.SS -d Yrtrllkr 
samples, and the assumed probability basis for calculating the LTA Useof the statisticdl methdof permit derivation quimlimit an 
from the WLA, and the most limiting LT4 h a  different e(feCf.5 on &mate of of of &d&jbution of the daily m e a r m &  
the deiwed limits depending upon the selection ma& for each. of ~ l e  ~ l eparameteraer plant compliet w i ~ l&~ ~ i - e n t s .
To hdp illustrate the combined effect of t h e  factors, Figure 5-8 

Table 5-3. MulUpllen for Calculating Maximum Dally Permit Umltc Fmm Average Monthly Permit Llmlti 

r 

TO obtain the maximum dally permit limit (MDL) for a bi~oncentratablepollutant, multiply the average monthly permit limit 
(AML) (the wasteload allocation) by the appropriate value in the following table. 

Each value in the table is the ratio of the MDL to the AM1 as calculated by the following relationship derived from Step 4 of the 
statistically based permit limit calculation procedure. 

-MDL = exp [ha- 0.dI 

where 

an2= In (CV2/n + 1 ) 

a2 = In (CVZ +1) 


. 
CV = the coefficient of variation ofthe effluent concentration 

n = the number of samples per month 

2, = the percentile exceedance probability for the MDL 

z, = the percentile exceedance probability k r  the AML. 


Ratio W e n  Maximum Daily and Average MonUlly Permlt Umiu 

Maximum = 99th percentile Maximum E 99th percentile
! Average = 95th percentile Average = 99th percentile 

CV / n=l n-2 n 4  n-8 n=30 n=l n=2 n=4 n=8 n.30 
I 

0.1 1.07 1.13 1.16 1.18 1.22 1 .W 1.07 1.12 1.16 1.20 

0.2 1.14 1.25 1.33 1.39 1.46 1 .W 1.13 1.24 1.32 1.43 

0.3 1.22 1.37 1 .SO 1.60 1.74 1 .W 1.19 1.36 1.49 1.67
1 
0.4 1.30 1 .SO 1.67 1.82 2.02 1 1.00 1.24 1.46 1.66 1.92 
0.5 1.38 1.622 1.84 2.04 2.32 1 .W 1.28 1.56 1 .81 2.18 

0.6 1.46 1.73 2.01 2.25 2.62 1 .W 1.31 1.64 1.95 2.43 

0.7 1.54 1 .& 2.16 2.45 2.91 1 .W 1.34 1.71 2.08 2.67 

0.8 1.61 1.94 2.29 2.64 3.19 1.00 1.35 1.76 2.19 2.89 

0.9 1.69 2.03 2.41 2.81 3.45 1.00 1.36 1.80 2.27 3.09 

1 .O 1.76 2.11 2.52 2.96 3.70 1 .W 1.37 1.83 2.34 3.27 

1.1 1.83 2.18 2.62 3.09 3.93 1 .W 1.37 1.84 2.39 3.43 

1.2 1.90 2.25 2.70 3.20 4.13 1 .W 1.36 1.85 2.43 3.56 

1.3 1.97 2.31 2.77 3.30 4.31 1 .W 1.36 1.85 2.45 3.68 

1.4 2.03 2.37 2.83 3.39 4.47 1 .W 1.35 1.84 2.46 3.77 

1.5 2.09 , 2.42 2.89 3.46 4.62 1.00 1.34 1.83 2.46 3.84 
1.6 / 2.15 2.42 2.89 3.46 4.62 1 .W 1.33 1.82 2.46 3.90 
1.7 2.21 2.52 2.98 3.57 4.85 1 .W 1.32 1 .80 2.45 3.94 

1.8 2.27 2.56 3.01 3.61 4.94 1.00 1.31 1.78 2.43 3.97 

1.9 / 2.32 2.60 3.05 3.65 5.02 1 .W 1.30 1.76 2.41 3.99 
2.0 ; 2.37 2.64 3.07. 3.67 5 3 9  1 .W 1.29 1.74 2.38 4.00 

I 
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- 1  
the permit 4 t e r  has reason to b d i i  that the CV of the regu-
lated system may behave diirently from the nonregulated sys-

nm-. 6m muimumd.ur 	 tem (e.g., whm changes in the treatment facility are planned), 
information concerning effluent concentration means and vari-
ability can be obtained from effluentguiddim documents for 
individualchemicalparameters."3,
Variabilitycals and wholeasoddtedeffluentHowever,fluentit kvdsdifficult totopredict for thatindividual situation. withtoxicity of both recognize anyisis important individualcheml-

failure to assignany CV to an individualtoxkant or the parameter 

o 
o o 0 3 10 t 5 ,, 

cc4wwaofvvHbn 

Figure 5 4 .  Maxlmum Dally Permit Umlt as a Functionof the 
Codfickntof VuiaUon 

Figure 5-7. Relationship 

Umiuand Number of Sampks Per Month 


llvariabilitv is mostly related to production, current data may be 
d to &timate the CV. If future variability is expected t& be 
substanttally dHferent, the CV niust be estimated. Diihargesof 
toxic polluian~a n  generally more variaMe than dischar&sof 
conventionalpollutants. It Is importantto usethe but estimateof 
the CV that d n  be reasonablyachieved. Ar explained in Chapter 
3, EPA's reviewof theuncertaintyasrociatedwitheffluent variabil-
itv swaests that a minimum of 10 s a m ~ kis needed to reason-
&lyquantify the CV. , 

One concern with respect to using an appropriate CV in the 
statistical limit derivation procedures is that CVs of regulated 
systems may be quite ddiemnt from nonreguiated sy&ns. h 
other words, after permit limits are in place and the permittee is 
operatingto achieve the requisitelimik, the variabili auociated 
with the parameter of concem may change considerably. Where 

toxkity involves an implicit assumption that there is no effluent 
variabilitypresent Bared uponanalyses of a wide variety of data 
fromyarious types of plants, €PA recommendsa value of0.6 as 
a default CV, if the regulatory authority does not have more 
accurateinfwmatlonon theCV for thepollutantor pollutant 
paramster.. Permit limits are usually not extremely sensitive to 
small changer inthe CV. The value of 0.6 is typical oftherangeof 
variability of effluents measured by EPA (see Appendix A) and 
wmts a reasonable degm of relat'm variability. However. 
wherrver possible, it is recommendedthat data on effluent van-
abihty for the pollutant of concern be collected to define a tV 
ratherthan selectingadefault value. 

The statistically based methodfor permit limit derivationresultsin 
an MDL that does not depend on monitoringfrequency. How-
ever, the AML decreases as the monitoring f;equency increases, 
and agreater numberfor "n" is insertedinthe relevant equations. 
Some wnnit miten are concerned with this outcome because 
fadlit& with more frequent sampling requirements appear to 
me'm more skingent Pennit limitsthan those with lessfreauent. ~ 

monthly sampling requirements. 

The AML decreases as the number of monthly samples increases 
because an average of 10 samples, for example, is closer to ihe 
LTA than an average baled on 4 samples. This phenomenon 
makes AMLs based on 10 samples appear to be more stringent 
than the motithlylimit based on 4 samples. m r ,  the strin-
gency of these procedureis constantacmu monitoringfrequen-
cier because the pmbabilitv basis and the tameted LTA wrfor-
mance are the same regarikss ofthenumber2 sampks'taken. 
Thus, apermitteeperformingaccordingto the LTA and variability 
associatedwith the wasteload allocation will, in fact, meet either 
of* AMLs when taking thecwn~pondinanumber of monthly-
sampler. 

For water quality-basedpermitting, eMucnt quality is determined 
bytheundcdyngdistributionof daily values, which is determined 
bv the LTA associatedwith a ~afticubrWL4 and bv the CV of the 
ckluent concentrations. l&nasing or decreasing rnonitdng 
frequency does not affett this underlying distribution or treat-
ment performance, which should, at a minimum, be targeted to 
comply with the values dimted bv the WL4 Therafore. It Is 
Amended that the actual plaked frequency of monitor-
ing normally be used to determinethe value of n for ulculat-
igthe ML.Howaver. in situations where monitoring fre-
quency Isonce per monthw less, a highervalue for n must be 
urumcd for AML derivation purposes. This is particulady 
applicable for addresing situations such as where a single cnte-
rion is appliedat the end of the pipeand a single monthly sample 
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Figure 59. Effect of Caffident of Variation on Maximum Daily Umb 



is contem~latedfor compliance monitorina wmoses. or where When the rmmit is irwed, the administrative record for the- .  . . 
monitoring frequency is 'only quartedy. In thii case,both the facility (particularlythe fact meet) will be the primary support for 
average monthly and the MDLwould exceed the criterion. (For defending the mrmit in administrative appeals including 
example, for a ccc of 1.0 chronic toxic unit W,J applied & a 
WLA at the end of thepipe, boththe MDLand AML would be 1.6 
N"assuming CV-0.6, n-1, and a 99-percent probabilitybasis.) 
A discharger could thus comply with the pennit limit but mu-
tineb exceed the criterion. Under these drcumsmces. the 
r t . tkca l  procedure should be employed using an a&ncd 
number of rompks of at kart  tpyIfor the AM1deriv.tion. 

&dent& hrinas. This information also will serve to ales~ ~~ ~~ , ~ . ,
compliancelmforcement personnel to any specialconsiderations 
that m r e  addmwd at the time of Dennit issuance. In addition. 
the accompanying documentation'will be extremely important 
durina ~ermi tnissuanceandwill assist the mrmit miter in devel-
oping-; revised permit. 

In40 CFR Part 124.56, a lact sheet containing "[alny wkuiations 
or other n-ry explanation ion the derivation of specitic efflu-
ent limitations" f& &nv draft Denits is reauired. ~ccordinolv. 

Sekctionof the probability basisfor use inthe equations in Boxes the WlAs along with tin reqkred LTA and CV .used and -& 
5-1 and 5-2 is a wrmittina authoritvdecision necessarvfbr estab- calculationsderivina them must be included or referenced in the 
lishing statirticaily de& permit iimits. When a &nnining faq sheet The perkit limit derivation method used must also be 
ruthodh, does not hwe s d c  gu l dwe  for the pmb~billh, explained in the permit documentation. Where a perminina 

, basls, EPA recommendstlie following: 

For calculationof the LTAsfrom the WlAs (Box 5-2): 

Both acute and chronic WLA-.Ol probability (99th per-
centile level). 

For calculationof permit limitsfrom the most limitingLTA (Box 5-
1): 

MDL-.O1 probability basis (99th percentile level) 

AMG.05 probability basis (95th percentilelevel). 

The probability levels for deriving permit limits have been used 
historically in connectionwith development of the effluent limits 
guidelines and have been upheldin legalchallenges to the guide-
lines [4]. It is  important to note that these levels a n  statistical 
probabilities used as the basis for developing limits. The goal in 
establishina these levels is to allow the reaulatow aaencv to 
distinguish-between adequately operated w~stewaiertkatkent 
plants with normal variabilitv from m r l v  operated treatment. . 
blank and to protect water quality criieria. 

The level for the calculation of the LTA from the WLA is based 
upon EPA's interpretation of the steady state model used to 
develop the WLA. EPA considers the WLA to produce an effluent 
condition that should never k exceeded w h e m r  the critical 
design conditions occur. To characterire thk effluent condition, 
€PA uses the 99th percentile concentrationfmm theupper tail of 
the effluent probabilistic disuibution cum. The selectionof this 
value is o m  which can haw a significant influence on the levelof 
conservatismin the permit limits. Pennit authoritiesshould con-
sider Fioures 5-8 and 5-9 to understandthe effect of this decision 
alongAth  other decisions on the &I&and MDLs. 

authority &bdo&a standardired and simplified methodfor per-
mit limit development as d i u d  in Section 5.4.2. the permit-
ting authority may not need to document all of the underlying 
assumptions in the fact sheet, provided that the fact sheet refer-
ences a mitten pmnit limit development protocol. Any other 
guidance used must also be cited. 

Limits must beexpressedclearly in the NPDES permit so that they 
ckadv are enforceable and unambiauous. Cha~ter6 discusses 
compliance monitoring and enforc&ent probl;ms that wn re-
sun from improperly expressed limits. All limits, both chemiwi-
specific and whole huent, should appear in Part 1 of the permit. 
Special considerations in the use of both chemical-specific and 
whole effluent toxicity limits are discussedbelow. 

5.7.1 YlrPbrrdrmmtUnrlb 
Mass-basedeffluent limits a n  required by NPDES regulations at 
40 CFR 122.45(0. The regulation reqtiires that ali pollutants 
limited in NPDES permits have limits, standards, or prohibitions 
ex~rerscdin terms of mass with three exc@otions.includino one 
lo; pollutants that cannot be expressed a~prophatelyby mass. 
Exampla of such mllutantsare pH. temmrature. radiation. and 
whok effluent toicity. Mass limi&tions'in term; of poundr per 
dav or kilograms m r  day can be calculated for all chemical-
s&ic toxi& such ar chlorine or chromium. Mass-based limits 
should be calculated using concentration limits at critical flows. 
Forexampk, a permit limii of 10 mgll of cadmiumdischarged at 
an average rate of 1 million gallons per day also would contain a 
limit of 38 kiiogramslday of hdmium. 

Mass-based limits are particularly important for control of 
5.6 PERMITDWMENTAnMl bioconcentratabkpollutants. Concentration-basedlimitswill not 

adequately control discharges of these pollutants if the effluent 
The fact sheet and suppomngdocumentationaccompan9ng& COKentratiOnSare below detection levels. For these pollutants, 
permit mustclearlyexplainthe basisand fierationalefor the controlling mass loadings to the receiving water is critical for 
permit limits. When the permit is in the drafl stage, the support- p-nting adveneeIWironmental impactr. 

ingdocumentationwill KM to explain the rationakandassump 
tions used in derivingthe limits to the permitt= and the general H-r, masbased effluent l imb alone may not assure attain-

public in to allowpublic comment on the draft ment of water quality standards in waters with low dilut~on. In 



these waters, the quantity of effluent discharged has a strong 
effect on the instream dilution and therefore upon the RWC. At 
the extreme case of a stream that is 100 percent effluent it is the 
efflwnt concentration rather than the effluent mass discharge 
that dictates the instream concentration. Therefore. EPA m o m -

~ ~ 

mends that permit llmits on both mass m d  con~entratlon be 
specifled for effluents dlscharglng Into waters with k s  than 
100fold dilution to ensure attainment of water quallty s1.n- 
dards. 

Water quality-based permit limits by themselves do not provide 
anv incentive to discharaers to reduce wastewater Rows. The 
re& is true; a more diiute effluent means water quality-based 
limits are more easily achieved. However, increased flow trans- 
lates into increased .power consumption for treatment facilities. 
Sianlficant power usage stems from pumping and mixing of 
voiumes ofwastewatei in treatment systems. -11 the vo~umi of 
wastewater can be reduced, power consumption can be reduced 
and less fossil fuel burned. Such reductions can be expected to 
result In concomitant decreases in air pollution. 

Therefore, EPA recommends that flow reductions and energy 
savings be specifically encouraged where appropriate (usually in 
dilutions greater than 100:l) by allowing water quality-based 
permit limits to be mass-based and by allowing concentration- 
based limits to vary in accordance with flow reduction require 
menu. The permit also could include an energy savings analysis 
subject to approval by the permitting authoriv. 

5.7.3 co~pldnat~mnIn UKI um of c h a ~ i ~ l ~ ~ r n c  
Un,Itr 

Metals 

Another common problem encountered in expressing permit 
limits occurs for metals. Some water quality standards express 
numeric criteria for metals in terms of the dissolved or acid soluMe . 
phase of the metal. NPDES regulations at 40 CFR 122.45(c) 
require permit limitations for metals to be expressed in terms of 
to& recoverable metal unless (1) an effluent guideline requires 
the use of another form, (2) technology-based limits are estab 
lished on a caseby-case basis, or (3jthe approved analyttcal 
method measures only the dissolved form. 

Where State water quality standards are expressed directly as total 
or total recoverabk metals, the permit limit can be established 
directly.' Where the water q"aky standards are expressed as 
dissolved or acid soluble metal, the permit writer will need to 
reconcile the diierent expressions 01' metals when establishing 
the permit limits Some State water quality standards implernen- 
tation pollcles or procedures provide the requirements for this 
conversion. In instances where a State has no policy or proce- 
dure, the permit writer can take one offour approaches. First, the 
permit writer could assume no difference be- the dirrotved 
or ac~d soluble phases and the total recoverable Dhase. This is the 
most nringent'approach and would be most abpropriate in wa- 
ters with low solids, where the discharged form of the metal was 
mostly in the dissolved phase, or where data to use the other 
options are unavailable. Second, the permit writer could develop 
a'site-speclbc relationship between the phases of metals by dwel- 
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oping a relationhlp through review of Information on instream 
metal concentrations. This approach requires concurrent sam- 
pling of both metal phases during periods refkcrive of the envi- 
ronmental conditions used to determine the WLA. Third, the 
rwrmlt miter could use a relationship developed by EPA from 
national data; this relationship is des&bed in the ndtional guid. 
ance for determining W k  for toxic metals in rivers. Thls relation- 
ship requires knowledge of instream concentrations of total sus- 
pended solids at the environmental conditions used to determine 
&e WWLA. Fourth. the Dermit writer could use a oeochemical 
model, such as theoquilibrium metal speciation ~ O ~ ~ ~ M I N T E Q A Z  
(we ChaDter 4). However, the input data reauirement of this 
model ar i  equivalent to collecting site-specific data under Option 
2. These options will be expressed in more detail in subseauent 
guidance i&ued by EPA. ' 

Detection Level Umitr 

A commonhr encountered ~roblem i s  the ex~ression of calculated 
limitsfor spkiic chemicaliwhere the concentration of the limit is  
below the analytical detection level for the mllutant of concem. 
This is particul;rly true for pollutants that & toxic in extremely 
low concentrations or that bioaccumulate. 

The recommended approach for these situations Is to  Include 
in ParI 1of the permit the appropriate permit limit derived 
from the water quality model and the WLA for the parameter 
of concern. reaardless of the ~rox lml tv  of the limit to the 
analytical detekon kvel. The limit aho should contain an 
accom~anyina reauiremmt indicatina the sDecific analytical 
methob thbt ;hould be ui-  d for purpos& of compliance monitor- 
ino. The requirement sholrld indicate that any s m ~ l e  isanalyzed 
in-accordance with the specfied method and found to be below 
the compliance level will be deemed to be in compliance with the 
permit l h i t  unless other monitoring information (as discussed 
below) indicates a violation. Sample results reported at or above 
the compliance level should be reported as observed whereas 
samples below the compliance kvel should be reported as less 
than this led. .  

The kvel of compliance cited in the permit must be ckarlv 
defined and quantified. For most NPDESpermitting situation^ 
EPA recommends that the compliance level be defined In the 
permit as the dn lmum I d(ML). The ML is the kwl at 
which the entire analytical system gives recognizable mars 
IDectra and accemable calibration mints. This level cone- 
;ponds to the l o k t  point at whlci the calibration curve is 
determined based on analvses for the d lu tant  of concem in a 
reagent water. The ML hbs been ap&led in determinations of 
pollutant measurements by aas chromatwra~hy combined with 
mass spectmmey. The conieptof a minimu'm &I recently was 
used in developing the Organic Chemicals. Plastics, and Synthetic 
Fiberr effluent guidelim 61. 
The minimum level is not equivalent to the method detection 
level, which u defined in 40 CFR Part 136 Appendix B as the 
minimum concentration of a substance that can be measured and 
reported with 99-percent confidence that the analyte concentra- 
tion is greater than zero and is determined from the analysis of a 
sampk In a given matrix containing the analyte. €PA is not 
recommending use of the method detection level because 
quantitation aithe method detection kvel is not as precise as at 



the ML. It is not similar to the practicalquantitation limit (PQL), chronic tenr might apply to a given situation depending upon 
which is typically set as a specific (and sometimes arbitrary) the test detection levels or test sensitivity. 
multiple of the method detection level. Because the PQL has no 
one definition. EPA is not recommendinaIts use in NPDES oennit- For examok. a limit of 5 TU, (no observed effectconcentration~ ~~~ 

ting. Nor is it simllar to other terms suc6 as the limit of dek ion,  [NOEC] df 2b percent or would require chronic toxicity 
limit of auantitation, estimated auantitationlimit ,or instrument testina where the ACR is 20 for that effluent. An acute test would 
detection limit. not & sensitii enough to measure effluent toxicity in this in-

stance, since 5 TUcwould beequivalent to 0.25 Na.Conversely, 
The permitting authority may choose to specify another level at if the ACR was 2, then an acute test could be used -use 5 TUc 
which compliance determinations are made. Where the permit- would be equal to 2.5 TUa. Generally, there is no reason to mix 
ting authority so chooses, the authority must be assured that the two types of monitoring requirements for the same limit when 
level is quantifiable, defensible, and close as possibleto the permit limits are derived from the most limiting LTA Doing so will 
lwel. confusethe resultsand complicateassessments of average monthly 

limitswhere sampling frequency is greater than once per month. 
Where water quality-based limits below analytical detection 
levels are placed i n  permits, EPA recommends that special The acute toxicity test, when using an LC50 as the test endpoint, 
conditions also be Included inthe permit to help ensure that has an upper sensitivity level of 100-percent effluent, or 1.0 TU,. 
the limits are belna met and that excurrlons above water if less than 50 wrcent of the test omanisms die at 100-wrcent~~~~~ ,~~~ ~ 

quality standards a& not occurring. Examples of such special effluent an LCso cannot be determi& from the test dab, and 
conditions includefish tissue collectionand analyses, limits and/or the true LC<"value for the effluent cannot be measured. In this 
monitoring requirements on internal waste sireams, and limits 
and/or monitoring for surrogate parameters. This information 
can be used to help support reopening the permit to establish 
more stringent effluent limits if necessary. 

5.7.4 ConsldwiWlonr In'Llk,Us#of mol.EWmt roxlclty
llmit6 

Test Methods 

NPDES regulationsat 40 CFR 122.44(i)(l)(iv) require that meth-
ods approved under 40 CFR Part 136 be used for compliance 
monitoring, and in the absence of an approved method, the 
permit must specify the method to be used. The permit should 
also carefullyconsider any other case-specific aspects of the whole 
effluent toxicity test method that should be designated in the 
permit. Such aspects as the dilutions at which testing will be 
conducted, the different species to be used, the specific end-
points, the statistical procedures for analyzing the data, quality 
assurance, and other factors should be clearly stated as a permit 
condition to assure that the whole effluent toxicity testing that is 
performed to ascertain compliance with a limit or monitoring 
reauirement is the ten procedurethe reaulatorvauthoriwdesires. 

situation, anicute test couldstill be used for compliancemonitor-
ins ~uroosesbut the endpoint would need to be chanqed to a- .  . 
greater level of sensitivity. The endpoint could be sp&ified in 
terms of "no statistically significant difference in acdte toxicity 
between 100 wrcent effluent sam~leand the control." This 'is 
the most sensiiive application of an'acute test and could be used 
for monitorina comoiiance with a limit that. because of lack of 
available dilucon, applies the EPA recommended acute criterion 
of 0.3 maat the end of the pipe. 

However, these tests would not accurately quantify any level of 
chronic toxicity present. For chronic testing,an effluent with an 
NOEC of greater than 100percent presentsa similar test sen sit^. 
iw problem. An effluent with an NOEC of oreater than 100 
&r;ent contains less than 1.0 TUc and wozd meet the 'EPA 
recommended chronic criterion for toxicity at the edae of the 
mixingzone, if dilution were available, as wil l  as at the end of the 
pipe if no dilution were available. 

Description of Umlts 

When toxicity limits are u d ,  additional desgriptionof the limit is 
reauired. The limit shouldbestated in Part 1 as "effluenttoxiciW 

In iome instances, meth&ologiis allow lgnifiwnt in ihe parameter column with "maximum N s . "  "minimum A?E 
flexibility and choice in how the method is actually conducted. A lacute toxiiiw endpointl." or *minimum NOEC" in oarentheses. -
simple ieference to the methodologyinthe permi may not result "ndemeath. i h e  numericalvalues should be placed'i" the appro-
in the test being conducted as intended. priate concentrationcolumnfollowed bv Nor a wrcent sian. A-
Units of ExpressIan and Detection L m l s  

The permit limit for toxicity itself and the detection levels, or 
sensitivitylevels, associatedwith the various types of toxicity testr 
determine the type of monitoring requirement, which should be 
smified with the limit. It is a misconception to think. for ex-
ample, that only acute toxlc~tytests should be used where the 
WLA for acute protection s used to denve the more l~mitingLTA 
or should always be used to monitor for the MDL. It is a Cmilar 
misconception to think that only chronic tests should be used 
where chronic LTA is limitina or should alwavs be used to monitor 
for the overage monthly limit. The MDb ;nd AMLs are derived 
from the more lhmiting of the two LT&. Therefore, either acute or 

footnote should direct the reader to ~ i r t3 for ipecific retuire. 
rnents on how to conduct the tests. The description in Part 3 
should accomplish the following: 

Explain how the limit is expressed (e.g., the limit is thf 
minimum ATE expressed as percent effluent or the limit is 
the maximumTU,) 

Specify the test species and the test methods for compli-
ance monitoring purposes 

Describe any special reporting or followup requirements 
(e.g.; requirementsto conduct a toxicity reduction walua-



The language in Part 3 should be modifiedas neededto suit the 
situation. The following example language is provided only for 

to protect the wasteload allocation. T h i s  would not be consistent 
with 40 CFR 122.44(d)(l). On the other hand. ifthe lower bound 

purposes of illustration: 

'The effluent toxicity limit contained in Part 1 ir the allow-
able chronic toxicity to the most sensitive of three test 
species. It is expre&ed as the allowable NOEC in percent 
effluent. The required test species and the procedures to 
follow are described in Short Term Methods for Ertimotina.. ~ ~ . . - ~ ~  
the Chronic Toxicityof Elfluents ondReceiving Woters ro fres< 
worer Organisms, EPA/600/4.89/001, March 1989." 

"The permitteeshallconduct monitoringof effluenttoxicity 
once per month. One 24-hour composite sample shall be 
collected and tested within 24 hours of collection. Results 
shall be reportedas the NOEC. Any test that does not meet 
quality control requirements as described in the abok 
referenced methods shall be repeated using a freshly coi-
lected sample as soon as practicable." 

5.7.5 Sobctlon of bWtorIn# Fmqucncies 
There is no fixed guidance on establishment of monitoring fre-
quencies. The decision on the monitoring frequency is care-
specific and needs to consider a number of factors, including 
those listed below: 

Type of treatment process, includingretention time 

Environmentalsignificance and nature'of the pollutant or 
pollutant parameter 

Cost of monitoring relative to the discharger's capabilities 
and benefit obtained 

Compliance history 

Number of monthly samples used in developingthe permit 
limit 

Effluent variability. 

Based upon an array of data analyzed for both individual chemi-
cab and wholeeffluent toxicity, and independentof other consid-
erations, EPA has obsewed that ideally 10 or more samples per 
month orovides the areatest statisticallikelihoodthat the averaae 
of the iarious monthiy values will approach the true monthly L ~ A  
value. In practice. however. selection of monitoring freqwncies 
will need to consider the pr&iwriy mentioned factors and arrive 
at a reasonablecompromise of the appropriateconsiderations. 

5.7. &18&tIw11Vu*blHy 
Permits require monitoring to establish whether a facility is dis-
charging at a lwel that complies with the permit limits. All 
monitoringincludes analyticalvariability. The true concentration 

of the analytical uncerldinty was subtracted from the I~mlt,there 
would be better assurance that the l~mltacn~evedthe WLA. Th~s 
approach could be overly conservative given the other factors 
used to developpermit limits. EPAbelievesthat its recommended 
approach a balance between these two extremes. 

CWA Section 402(o) establishes express statutory language pro-
hibiting the relaxation of permit limits based on water quality. 
Under the statute, relaxation of water quality-based limits is per-
missible onlv ifeither the reauirements of Sections 402(0)(2) or 
303(d)(4) a;e met. These twb provisions constitute independent 
exceotionsto the orohibitionaaainst relaxationof permit limits. If 
either is met; relaiation is pernksible. 

Relaxation of Water Quality-basedLimits Under 
Section303(d)(4) 

Section 402(o)(l) prohibits the establishment of less stringent 
water quality-based effluent limitations "except in compliance 
with Section 303(d)(4)." Section 303(d)(4) has two partc: Para. 
graph (A), which applies to "nonattainment waters" and Para-
graph (0). which applies to "attainment waters." 

Nonanainment waters: Section 303(d)(4)(A) allows estab-
lishment of less stringent water quality-based effiuent limi-
tations in a wrmit for discharoe into a nonattainment. 
water only if (1) the existing permit limitation must have 
been basedon a total maximumdailv ioadm D L )  or other 
WLA established under Section 303,'and (2) attainment of 
water quality standards must be assured. 

-: Section 303(d)(4)(0) allows estabiish-
ment of kss stringent water quality-based effiuent iimita-
tions in a oermit for discharoe into an attained water as.. 
long as the-revisedpermit limit is consistent with a State's 
antidwradation wlicv. This is not restrictedto limitsbased 

Relaxationof Water Quality-based Limits Under 
Section 402 

Section402(0)(2) also outlines exceptionsto the general prohibi-
tion aaainst establishment of less strinaent water oualitv-based 
permiilimits in a permit. Under Sectio<402(0)(2), the eitablish-
ment of kss stringent limits based on water quality may be 
allowed where: 

1) There haw been material and substantial alterations or 
additions to the permitted facility which justify this relax-
ation. 

ina sample can be higher or lowerthan the measuredone due to 
this variability; however, there is no way to predict which way it 2) Good cause exists due to events beyond the permittee's 
will go. control (e.g., acts of God) and for which there is no reason-

ably available remedy. 
Historically, EPA has not directly considered analytical variability 3) The permittee has installed and properly operated and 
from nionitoring methods when establishingpermit limits. Ifthe maintained required treatment facilities but still has been 
upper bound of the analytical variability was added to the limit, unableto meet the permit limitations (relaxation may only
there w M  be a higher potentialthat the permit limit would fail be allowed to the treatment kwls actuallyachieved). 



4) New information (other than revised regulations, guidance, 
or test methods) justifies relaxation of water quality-based 
permit limitations. 

xs lint exception applier to water qualiwbased permit 
limitations oniy where the revised limitations result In a net 
reduction in pollutant loadings and are not the mul t  of 
another discharger's elimination or substantial reduction of 
its dis&rge for to water quality (e.g., 
operation termination). 

Although Paragraph 402(oXZ) lists two additional exceptions, 
one for technical mistakes and mistakes of law and one for permit 
modifications or variances. the statute provides that these excew 
tions do not apply to ~ate;~uality-ba& effluent limitations. a 
result. these exceptions do not provide a basis for relaxinq water 

Relaxation of Water Quality-Based Permit Conditions orStan-
dards 

The provisions in Section 402(o) discussed previously oniy ad- 
dress the relaxation of effluent limits based on water quality. The 
relaxation of other permit conditions or standards bared on water 
quality are governed by EPA's existing antibacksliding regulations 
at 40 CFR 122.44(1)(1). Undw thex regulations when a permit is 
renewed or reissued, interim effluent limitations, standards, or 
conditions must be at least as stringent as the final effluent 
limitations, standards, or conditions in the previous permit "un- 
less the circumstances on which the orevious wrmit was based 
have materially and substantially changed since the time the 
permit was issued and would constitute cause for permit mod'fi- 
cation...". In other words, unless cause for permit modification is 
present, relaxed conditions or standards are not permissible. EPA 
kgulations setting forth cause for permit modification can be 
found at 40 CFR 122.62. 

Rertrlctions of Backrllding 

Even iiany ol the backsliding exceptions outlined in the statute or. 
regulations are applicable and met, Section 402(oX3) acts as a 
floor and restrict5 the extent to which water quality-based permit 
limitat'ons may be relaxed. Paragraph (0x3) proh~bits the relax- 
ation of water$uality-based permit hitations in all wses ifthere 
will be a violation of applicable effluent limitation guidelines or 
water quality standards, including antidegradation requiremenb. 
This requirement affirms exist~ng provi'hl of the CWA that 
require permit limits, standards, and conditions to ensure c0mPli- 
ante with applicable technology-based limits and water quality 
standards. 

Where monitoring indicates unacceptable d O m t  toxicity. One 
principal mechanism for bringing a discharger into compliance 
with a water quality-based whole effluent toxicity requirement is a 
toxicity reduction evaluation FRE) [6]. The purpose of a TRE is to 
investigate the causes and to identify corrective actions for diffi- 
cult effluent toxicity problems. The permitting authority may 
require that the permittee conduct a TRE in those CaSeSwhere the 

dkharger is u ~ b k  to explain adequately and immediately cor- 
rect exceedances of a whole fluent toxicity permit limit or 
requirement. 

A TRE is a sitespecific study conducted ina process to 
Mmmthewrch for effectk control measuresfor effluent toxic. 
ity, TREr are derigned to identify the wurative of effluent 
toxicity, the of the evaluate the effmiw-

n a  of toxicitv control ootions. and then confirm the reduction in ..--..- - ~ - ,~~ 	 ~~ 

effluent toxicity. The &hate o b i j i v e  of a TRE is for the dis- 
charger to a c h i i  the limits or permit requirements for effluent 
toxicity contained in the permit and thereby attain the water 
quality standards for rece'bing waters. 

The requirement for a permittee to conduct a TRE may be written 
into the speclal conditions d o n  of a permit, which contains 
whokef8wr.t toxicw limits. In some cases, the permit issuing 
authority may also use other legally binding mechanisms, includ- 
ing Section 308 letters, Administrative Orders, or Consent De 
Crees, to require a TRE. 

To assist permittees in conducting TREs and achieving compliance 
with whole effluent toxicitv limits. EPA has develooed a series of 
three guidance document; 16, 7,8]: 

1) 	Generalized Merhodology for Conducting lndusrnol Toxicity 
Reduction Evoluorlons (EPN60012-881070) 

2) Toxicity Reduction Evolwlion Pmfocol for Municipal Wosrewo- 
ter rrearmenr Plonls (EPN60012-881062) 

3) Methods for Aquatlc Tox~city ldentlficorion Evolualions: 

Phase 1 Toxicity Characterization Procedures (EPAJ60013- 
881034) 

Phase 2 Toxicity Identification Procedures (EPAJ6001 
3-881035) 

Phase 3 Toxicity Confirmation Procedures (EPAJ6001 
3-eB1036). 

These guidance documents describe the methods and pmce- 
dures for conducting TREr and Toxicity ldentification Evaluations 
mh). Thev are based on the results of EPA's continuino efforts in = - -

+REkcthobr research and WK study appliCations. Separate TRE 
guidance has been dewloped for industrial dischargers and mu- 
nicipal wastewater treatment planb to better address the circum- 
stances of each type of facility. Procedures tor the characteriza- 
tion, i&ntlficati& and conkat ion of the causative agenb of 
f luent  acute toxicity have been develowd and are described in a 
three-ohased TIE methods manual. hew TIE methods ~-~ are aooli-~~ ~ ~~~ ~-

& ~ ei o  both industrial and municipal effluents and are an FGe. 
oral Dart of the ~rotocols for TREs described in the industrial and ~ 

kunicipal TRE guidance docummu. TIE methods using chronic 
toxicity tests for identifvina toxicants will soon be develowd and 
available in a draft guidan;e document. 

S.Lz -ApprrrrclI W W M ~ W  
To ensure the succesrful completion of a TRE, the guidance 
documents recommend a syrtematic, stepwise approach that 



eliminates the possible causes or sources of toxicity until a solution 
or control method is  determined. The auidance documents 
dl&ourage "playing hunches" or impkmeniing extensbe control 
mearum solely on the basis of unsubstantiated conclusions (e.a., 
xkcting and implementing a treatment plant upgrade withoit 
adeauate information). Expcrknce shorn that unnecarafy delays 
and expenditures in achieving the objedve ofthe evaludtion are 
avoided by building a sound scientific and engineering basis for 
selection of a control method. This can knbe done by the 
logical interpretation of the lnfonnation and data colleaed in a 
systematic approach to a TRE. The .causes or control methods 
identified should then go through a confirmation stage. This is 
especially important in cam where the control method selected 
kuiresthe constmctlon of additional treatment. A flow chart
-7 - - - -~~ ~~ 

generalized from the guidance documents, for this approach to 
TRL is oresented in Fiaure 5-10. The stem in this flow chan are 
summarized in the foliwing discussion. ' 

Determination of TRE Objectives and Development of the TRE 
Plan 

Obviously, the success of any study i s  dependent on a clear 
understanding of what is to be achicved and how these objectives 
are to be demonstrated and measured. Typically, TRE objectives 
are set by the regulatory authority in terms of a toxicity test 
endpoint (ATE or chronic toxicity endpoint [CTE]) in order to 

RequlMnMtl 

I M ~ b nend 

and Y.lmmsnu 

meet a limit or permit condition. TRE plans shouM be submitted 
by the discharger as soon as possible. In some cases. this could be 
36 to 60 dayi following notification that a TRE is required. In 
othu Instances, thls period could be longer. These plans are 
Important for ensuring that the TRE objetthns a n  &ll under-
nood and that the TRE to be conducted is thorough and repre- 
sents a reasonable effort to achieve the reaulred~reduction in 
effluent toxicity. An implnnentation xhedbk shwld also be 
developed dexribinq the timeframe for comoktion of the specific 
compinents of t h d ~ ~ ~plan by the requind TRE completion 
date. This schedule should be submimd for review In coniunc- 
tion with theTRE olan. EPA recommends that the TRE schddule 
shouldbe set or ;pproved by the regulatory agency. Approval 
of the schedule and the completion date should not imply a p  
pmvai of the TRE plan itKU or the procedures and methods 
outlined in the plan. Instead, the TRE plan should only be 
m i dand any comments p r o w to the permineeas nee&. 

To assist in this rwiew. Box 5-3 provides evaluation criteria for TRE 
plans. The permitting authority should revim the TRE plan and 
inform the discharoeFof anv aooarent shoncominor or ktential = . 
problems. The ~ ~ i s h o u l d  ofiot'ke delayed pending complet~on 
tne review d the alan. The m i f l e d  cornoletion date for the TRE 
must still be met bnd the paminee should be expected to begin 
steps to inwstiqate and alleviate the effluent toxicitv as soon as 
pakible foliowi<g notification that a TRE is required: During the 
course of the TRE, the regulatory agency shouid provide over- 
sight, as time permits, to make the TRE as effective as possible. 

Evaluation of Existing Slte-specific lnfonnation 

The next stea involves the collection of anv information and 
analytical data relevant to the effluent toxiciiy. The permittee 
should beain collectina and evaiuatina this information as soon as 
possible f<liowing noiiication that ;TRE is required.' In some 
cases, thls step may be conducted concumntlv with accelerated 
toxicity testing as part of the development of a TRE plan. For an 
industiial discharger, thls part of the evaiuat1on.would include 
information suchk olant and oracess information. influent and 
effluent physical andchemical ;nonitoring data, huen t  toxicity 
data, and material use. For a POTW. additional information. such 
as industrial waste surwy applications, local limits compliance 
reports, and monitorina data. should be collected. This informa- . . 
tion is used to supplemint the data generated in the later steps of 
the TRE and may be useful at that stage to paint to potential 
sources or treatment options. 

Evaluation of Facility Operations and Maintenance 
PrKUCCr 

This part of the evaluation is performed in order to ascertain 
whether the facility is consistenth, well owrated and whether the 
dRuent toxicity icthe ruult of &odic treatment plant upsets. 
bypass, or some otter operational deficiency that may becausing 
or contributing to the elfluent toxicity. t h i s  part of the TRE should 
be initiated immediately alter notification that a TRE is required. 
Akemativelv. the~ermineemavbeain to conduct this steaat the ~~ ~ ~ ~ ~ ~~~. 
same time'kat iny acc&rat& tAcl ty testing is requik. At 
bothmunlcl~aland industrial facilities, thls neewould involve the 
evaluation of "housekzeplng," treatment system operation, and 
chemical use. In same cases, best management practices (BMPs) 

Figure5-10. Generalized TRE Flow Chart 



may be identified, which wwld improve opemions and fluent nature of the c a u h  agents of fluent toxicity or toxicants it 
quality. Homwr, the dfedwms of BMPs in reducing fluent determined. This is done by conducting a battery of tests to 
toxicity should be camfully confined, and It wlll usually be characterin the physicaVchcmical characteristks of the toxicity: 
nece&w- - - - ~ ~to test a number of samoies and oerham to conduct soluMlitv. wvolatilii. decomposability. com~kxibililv. filterability, 
.Phase1hf the TIE to develop this &I of Eertbinty.' The muitsof and &bility. 'liis inf&tion &n thin be ukd  to decidc 
this evaluation may l e d  to pmliminary strategies for source re which chemical anaMwl m d d s  will to use in P h w  2 or it can 
duction and pollution prev&~n, inclding spill or h k  prevm. be u d  to design &tabilty studies. 
tion. im~rovements in material handling and disposal pra&, 
or ~"bstiwtion or muse of a compound harmto be highly toxic. The results of Phase 1 also may be used to provide additional 

confirmation of the effectknss of any BMP that was impk 
Toxicity IdmtiRutIon EvduaUon m e n d  in the pmious step of the TRE to reduce the effluent 

toxicity. This would require conducting at kart one Phase 1 
TIE Drocedures are Wrforrned In t h m  phases: chancterhtion, analysis prior to imp!mmtation of the BMP (i.e., any source 
ider;tifmrion, and confirmation [I). ln each phase, aquatic or- control method impkmented as a result of the evaluation of 
qanism toxicity tests are used to track toxicity at each step of the facility operation and maintenance). The results of this analysis 
procedure. ln most cases, these are abbmiated or shortened would then becomparedwith Phase1results from samples taken 
toxicity tests. In the toxicity characterization phase, the general after BMP implementation. 

Box 5-3. Evaluation Crlterla for TRE PIana 

Are the objectives or targets of the TRE stated clearly and accurately? 


Are the schedule and milestones for accomplishing the tasks described in the study plan? 


Are the final TRE report, progress reports, and meetings with the regulatory authority included as part 

of the schedule? 


Are the approaches or methods to be used described to the extent possible prior to beginning the 

TRE? 


Has available EPA guidance been used in designing the TRE and developing the TRE plan (or if other 

methods are proposed, are these sufficiently documented)? 


Does the TRE plan specify what results and data are to be included in the interim and final reports? 


Does the TRE plan provide for arrangements for any inspections or visits to the facility or laboratory 

that are determined to be necessary by the regulatory authority? 


Are the toxicity test methods and endpoints to be used described or referenced? 


Does the approach described build on previous results and proceed by narrowing down the possibili- 

ties in a logical progression? 


Does the plan provide for all test results to be analyzed and used to focus on the most effective 

approach for any subsequent source investigations, treatabiiity studies, and control method evalua- 

tions? 


Are optimization of existing planwtreatment operations and spill control programs part of the initial 

steps of the TRE? 


Does the TRE plan allow a sufficient amount of time and appropriate level of effort for each of the 

components of the study plan? 


Does the TIE use bmad characterization steps and consiir quantitative and qualitative effluent 

variability) 


Is toxicity tracked with aquatic organism toxicity tests throughout the analyses? 


Is the choice of toxlcity tests for the TRE logical and will correlations be conducted if the sp-ecies used 

are dMferent from thow used for routine biomonitoring? 


Is the laboratory analflical capability and the expertise of the investigator broad enough to conduct 

the various components of tfie evaluation? 




In Phase 2 of the TIE, the results of Phase 1 are built upon, and the 
TIE oroceeds to chemical anabes daianed to identlfv the s~ecific 
ccmlcals causing efllwnt tbxiclty. i n  Phav 3, tjr id&& 
toxicants are confirmed using a number of procedures, includinq 
correlation of toxiclty with chemical conc&tration, spiking ex- 
periments, toxkity mass bdance, and additional Mwecia and 
heir symptoms. 

The current version of the TIE methods u w  acuw toxicity tests to 
characterize and identify the toxicants. In some cases, these 
methods may also be used for TR& where the obkdve is to 
reduce chronic toxicity. in order for these methadsto be appli-
cable, however, there must ksome measurable acute toxicity in 
the effluent sarnoles that are to be characterized in Phase 1 and. - ~~ 

analyzed in ~nase 2. H this approach is used, the appkp"ate 
chronic toxicitv test as s~ecifiedin the TIE obiectks and oermit 
&uirernents,~should then be used in the phase 3 confirmation 
wocedures. This will confirm that the V)*icant(s) idenUfied usinq 
;cute tests in Phases 1 and 2, are indeed &sing the whol; 
effluent chronic toxicity, which must be reduced. 

It is possible to use the methods and procedures described in the 
other components of the overall TRE with either acute or chronic 
toxicity tests. The fad that the previous version of the EPA TIE 
methods use acute toxicitv tests shwld not be conrtrued to mean 
that TREs cannot be reqired or conducted for the reduction of 
chronlc toxicity. These methods provide additional tools to assist 
perminees in ihe reduction of whole effluent chronic toxicity. 
Phase 1 procedures that use chronic toxicity teN will soon be 
available in draft EPA ouidance. These TIE methods are aoolicable 

freshwater discharges to either saltwater or freshwat;; receiv-
ina waters. The use of these methods for saltwater receiving 
waters may require their adaption for use with marine test spec& 
or, preferably, an Initial conelation of the recommended freshwa- 
te; TIE test rbecies to the marine species used for monitoring. 

Source investigation 

Based on the results of the TIE. a decision is made on whether to 
conduct treatability studies on the final effluent and/or conduct a 
source investiaation. A source investiaation is most readily per- 
formed whenthe specific toxicants Lave been identi& and 
Influent sampks can kanalyzed for the presence of these com-
pounds or when potential source streams can be selected for 
chemical analysis (based on the wllr of the initial data aquisi-
tion steo). However. in some cases vhere the smific causati 
agents bi effluent toxicity have not been identffied in the TIE, it 
may be wsslble to conduct a source inwtiaation by "matinq" 
infiient bmples in bencn-scale models of 6 e  facilii treatmek 
plant, measurina the toxicity of the treated sample and dm, 
kcking this toxkity to its &rce. 

Souroe investigations will lead to control methods, such as chemi-
cal substitution, process modification, treatment of pmcas or 
influent streams (oretreatment). and wssible elimination of the 
process. For PO~~VS, source inktigations may lcad to thedevel-
oument of local limits or to the reauirement that an indirect 
djxharger evaluate and control UKir 'eflluent soas to reduce its 
toxicity and prevent passthrough at the POW. Thc impkmenta-
tion dl source contkl methds can eflectivcly reduce eflluent 
tqxicity and also can avoid any cross-media transfer of pollutants 

to air or sludge, which may occur as a result Df end of pipe 
tmtment. Tmes d source control methods that have proven to 
be eflective in reducing effluent toxicity are impro&ments in 
facility housekeeping, chemlcsl substitution, process optimiza- 
tion, ndamationlmuse, and pretreatment 

Toxldty Treatability Evaluation 

Toxicii treatability evaluations are conducted to idcntifV wuible 
m & n t  methobs that can dfectkiy reduce efflwrk.toxicity 
and may involve modifications or additions to the existing system. 
~reatab:lliistud* generally use the same type of information on 
the nature of the chemicals to be re- as is generated by 
Phase 1 of the TIE. These treatabilitv tests should be conducted 
on a knch.scak initially and then a'pilot scale prior to consuuc- 
k m  of additional treatment or substantial modification of the 
exirting plam The use of these bench- and pilot-scale tub, 
coupkd with aquatic organism toxicity tests. should be used to 
confirm the effectiven&of the treaGent option. Confirmation 
dthe results of treatability studies i s  equally impoMnt as it is for 
the TIE. Skipping this confirmation step is an invitation for 
unwarranted expnse. 

Toxicity Control Method Selection and Implementation 

After the inmtigatiw steps of the TRE are completed, it is  not 
unusual for a number of porsiMe control options to haw been 
identified. At this point, a site specific selection must be made by 
thedischarger based on the technical and economic feasibility of 
the varioui altemativa. Following this selection, the toxicity 
control method is implemented or a compliance plan is wbmit-
ted 1construction of additional treatment requires a substantial 
amount of time. 

Followup and Confirmation 

After the control method is implemented and the final TRE report 
is submined, the pem&ing agency should direct the penninee 
to conduct Wlowu~ monltorina to confirm that the reduction in 
effluent toxicity is imined and maintained. Normally, this moni- 
twin0 should follow an accelerated scheduk. weeklv or b'weeklv 
toxic& tea, for a pbiod of 2 to 3 months tlconfirm the 
dfectivenur of the contmls implemented and the continued 
attainment of the TRE o b ' m .  This fdlormp monitoring should 
use the same ymies as were specikd for rwtine toxicity testing 
in the oermit. The test endwintr of these tnxicitv tests should be~~ ~ ~ ~~ -~,-~ ~ - -

~ ~ ~ ~ 

the sake as tho& which &re calculated by the water quality- 
based w n i t  limit derivation orocedure uwd when the oermit 
was is&. Once the d~xharg& has dcmonnrated the su;cessful 
cornpktbn of thc TRE the perminina -w should direct the - - .  
diwharger to retum to the&tine pennit monitoring schedule. 

5.6.3 -Wmfhg#m 
it is the resoomibilitv of the ani t t ino wthoritv to &ermine if 
the permit iimitr adlor the itate wate; qualii ;riteria have been 
threatened or violated and to notifv the oermittee ifa TRE is 
required. b is appropriate for the p e k ~ i n ~  authority to requlre 
additional toxicity testing followinq the initial exceedance or vie 
lation. T'hiiadditionalt&ng mayirecede notification thataTRE 
will be required or it may be considered as the initial part of the 
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TRE and be conducted simultamously with TRE plan develop 
ment and the evaluation of other existing sitclpecific i n fo rm 
thn. 

It is important to recognlre that the purpose of this additional 
toxicity testing is to determine the continued pnsmce or absence 
of fluent toxicitv and the maanitude of that toxiciw. This 
information can &be used to dkermine the continucd~om~li- 
ance or noncompliance with the limit or permit conditions for 
effluent toxicity. These tests do not s e w  to rerifyor confirm the 
initial test results from an earlier sample. Instead, the permit 
authority shall use theresultsof these tests to determine ifa TRE or 
some other action Is the appropriate response to the initial occur- 
rence of toxicitv. 

If the pennit has a limit for whole effluent toriclty, then qenanliy, 
the &mit should not include anv soecific conditions fof accd;r- 
atdtoxicity testing or for triggehnb a TRE or some other action 
(e.a.. exceedances in twoconsscutive tests or exceedances in anv 
ih& out of five tests). CWA W o n  309 requim that any singl;! 
violation of a permit limit may be subject to enforcement. The 
EPA Compliance Monitoring and Enforcement Strategy for Toxla 
Control (January 19, 1989, Appendix 8-4) states that "Each 
exceedance of a directly enforceable whole effluent toxicity limit 
is of concern to the regulatory agency and therefore qualifies as 
meeting the VRAC [violation review action criterion] requiring 
professional review." Accelerated monitoring shwld only be 
used to assist in this ~rofessional review to determine what ifany. 
enforcement response is necessary, including the need for & 
permittee to conductaTRE. It will be necessaw forthe Rwion or 
state regulatory authority to determim this on a case-&-case 
basis. This must be done in a manner consistent with the priori- 
ties established in their respective toxics control strategies and 
permitting procedures. 

In situations where it is determined that accelerated testing is 
aDvro~riate.a maximum of weeklv tests for a minimum wriod of 
2ho"ths isrecommended. Thiswould result in eight t;sts, plus 
the routine monitoring toxicity test that inkially indicated the 
exceedence or violation, for a total of nine tests in theseries. Ar a 
practical approach for determining if a TRE is an appropriate 
response, EPA recommendsiftoxlcily Is repeatedly or periodi- 
olly present at levels above the efiluent llmitr mom than 20 
percent of the time, r TRE should be required. With toxicity 
present at this rate, the TRE protocols will be useful. 

In most cases, any one additional exceeddnce (beyond the initial 
routine monitoring toxicity test result) in thC accderated toxicity 
tests could mu l t in  no~cat ion of the permittee that a TRE b 
required. Exceptions to this guideline might indude cases *re 
the permittee Is abk to adequately demonstrate that the cause of 
the exceedances is known and comctlve actions have been im- 
mediatelv implemented or cases where additional test aualitv . . 
assurancelqual~tycontrol (WQC) i s  necessary or desirable. The 
submittalof QCfact sheets for set-biomonitoring (e.9.. Appendix 
0-2) should always be recommended to avoid prdblems. 

If the test resultr indicate that toxicity is not consistently or 
repeatedly present in the test series, previous discharge monitor- 
in9 reponc (DM&) should be examind to ascertain ifa recumnt 
problem exlsts. If the problem is recumnt, a TRE should be 
required, and the TRE plan should explain how the design of the 

evaluation will address this +?xiodic or recurrent effluent toxicity 
problem. In these caws, more elaborate sampling M g n  and 
i n Mor proces stream monitoring may be needed. Itshould 
be ex* that TREs conducted under thcre circumstances will 
probably require a more flexible schedule and perhaps additional 
time before the required compktion date. 

If the accekratcd testing and previous DMRs show the continued 
absence of effluent toxicity, then the initial exceedance would be 
considered an episodic event and a TRE should not be required. A 
TRE is not an appropriate response to a single, episodic effluent 
toxicity event (e.g., a spill or a plant upset). By conducting . 
accelerated testing following a violation or exceedance of a per-
mit condition, unnecessary TRb can be avoided. Similarly, con- 
ductlng accekrated testing as part of the initial steps of a ?RE will 
allow for theTRE to be ended in its veryeafiy stages rf the toxicity 
is immediatdv-controlled or determined to be eiisodic or nonri. 
currknt. By fillowing the TRE guidance and incorporating accel- 
erated testina into the TRE. unnecessaw analvses and exwnse can - . . 
be avoided. 

It also is important to note that for the practical purposes of 
conducting a TRE (as opposed to the purpose of determinina if a 
TRE should be requiredor not), the.magnitude of the efflient 
toxicity needed to conducta TRE may be leu than the magnitude 
or l e d  set as the wrmit limit or wrmit monitorina .condition. 
This is because if 'the limit or monitoring conditLn is water 
aualitv-based then some amount of dilution will usuallv be incor-
brat& in determining the unacceptable level of eillucnt toxicity. 
In some cam, it may be ws ibk  for the TRE ~rocedures to be 
carried out even if h e  toxicity doer not act"ally exceed this 
permitted level. This will be the case as long as the effluent 
toxicity is periodically or consistently present in measurable 
amounts in samples of 100-percent effluent 

It also is reasonable for a discharger to initiate a TRE prior to the 
establishment of a wrmit limit for toxicitv ifunacce~tabkleveis of 
toxicity are found in  the effluent through ro~tine'monitorin~ or 
through inspection and compliance sampling by the regulatory 
authority. Under these circumstances the regulatory authority 
will needto identify what constitutes unacceptable levels of toxic- 
ity since this will not be defined by a permit limit (see Chapter 3 
on detennhing the reasonable potential for excursions of water 
quality standards). It also is not unreasonable for the discharger 
to voluntarily initiate a TRE under these circumstances. 

5.6.4 YlebJP.rhrh@i#g 
Thcre are a number of mechanisms that can be used to require a 
TRE. In most cases, the TRE should be required by a Section 308 
letter or by an enforcement action, such as a W i n  309 Admin-
istrative Order or a Consent Decree. The permittee should receive 
notification from the wrmit authoritv of what reswnse is re. 
qu i d .  This enabk t k  permit authority to assess &ether a 7 k  
is the appropriate action to Dunue. If effluent toxicitv reanwan 
following the succewful completion of a TRE, then.the permit 
authority should be able to review this type of situation to deter- 
mine ifan additional TRE is appropriate or ifsome other action is 
required. In general, when the permit is issued with whole 
effluent toxicity limits in Part 1of the wit TRE requirements 
should be used where necessary to bring the permittee into 
compliance with those limits. Box 5-4 provides example lan- 



guage for effluent toxicity limits, developed as panof the Whole 	 able timeframes are 6 to 18 months for an industriai discharger 
EfRuent TOx#citY Basic Permitting Princip(es and Enforcement Strat- 	 and 12 to 24 months for a municipal wastewater treatment plant. 

For POT', it may take longer to conduct a TRE due to lengthy 
government contracting procedures, large rewer collection syr-

Box 5-5 presents sample language lor use in requiring TRb by a tems, and less influent constituent control. It should be recog. 
Section 308 letter or a Section 309 Order. This sample language, nued that extensions to these initial timeframes may be granted if 
a~eclallvthe renortina dates. should betallored to fit the smcific the progress reports demonstrate that this is warranted. In situa- 
--r , 
permittee. The ;ompition date should bespecifiedon a &re-by- tionswherereductions in chemical concentrations to meet chemi- 
case basis. Factors to consider in Kning this completion date cal-specific limits are needed as well as reductions in effluent 
include the type of facility, the variability of the effluent, and the toxicity, the timeframes may be adjusted to enable those efforts 
previous compliance history. In order to conduct a TRE, reason- to pmceed simultaneously. 

Box 5-4. Model Permlt bnguaga for Effluent Toxicfly Llmfts 

/. I Part 1.A. Final Effluent Limits and Monitoring Requirements 	
I 

I ! 

During the period beginning on the eRctive date of this permit and lasting until the expiration date, the 
permittee is authorized to discharge in accordance with the following limits and monitoring requirements 
from the following outfall(s): 001. 

Effluent Characteristic Discharge Limit Concentration Monitoring Requirement 

Reporting Daily Monthly Measurement Sample 
Codelunits Parameter Maximum Average Frequency Type 

I 
j -TU, Toxicity 10.0 5.0 xlmonth composite 

; ! 

! 

! 


I The permittee shall use the toxicity testing and data assessment procedures described in Part 3.8 of this 
' permit. 

1 Box 5-5. Example bnguage for Requlrlng Toxlcity Reduction Evaluations I 

: 	 The discharaer shall demonstrate that effluent toxicity-based permit limits described in Part 1 .A. of the i-
j permit are being attained and maintained through the application of all reasonable treatment andlor i 

I 

i source control measures. Unon identibinq noncompliance with those limits the discharger shall initiate 
corrective actions according to the follbwGg sched"le: 

lkdi!E 
1. 	 Take all reasonable measures necessary to Within 24 hours 

reduce toxicity immediately. 

2. 	 Submit a plan and schedule to attain continued Within 30 days 
compliance with the effluent toxicity-based permit 
limits in Part I.A.,where source of toxicity is known, 
if immediate compliance is not attained. 

3. 	 Submit 4 TRE study plan detailing the toxicity Within 45 days 
eduction procedures to be employed where source is 
unknown and toxicity cannot be immediately controlled 
through operational changes. EPA's Toxicity Reduction 
Procedures, Phases 1, 2, and 3 (EPA-60013-881034. 035, 
and 036) and TRE protocol for POTWs (EPA-60012-881062) 
shall be the basis for this plan and schedule. 



Box S-S. Example Language for Requlrlng Toxicity Reduction 

Evaluations (continued) 


' 4. Initiate TRE plan. 	 Within 45 days 

; 5. Comply with approved TRE schedule. 	 Immediately upon approval 

6. 	 Submit results of the TRE, including summary of Per approved schedule 
findings, corrective actions required, and data generated. 

7. 	 Implement TRE controls as described in the final report. On due date of final report 
per approved schedule 

8. 	 Complete TRE implementation to  meet permit limits Per approved schedule, but 
and conditions. 	 in no case later than XX 

months from initial noncom- 
pliance. 
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6. COMPLIANCE MONITORING AND ENFORCEMENT 


6.1 wlnoommn 
Once a water quality-bwd permit 

inalimitations and conditions to control effluent aualitv is irwed.. ,the permitteeis ruponsible for attaining, monitoring, and main- 
taining compliance with the requirements of that National Pollut- 
ant ~Tschar~e Failure to Elimination System (NPDES) permit. 
comply with any requirmnts Sated intbe permil is a violation 
of the Clean Water Act (CWA). 

The Environmental Protection Aoenw (EPAI and authorized State 
agencies are responsible for tracing iompl/ancewith and enforc. 
ing NPDES permit requirements in the enforcement of the CWA. 
Section 3~ of the &A and equivalent State statutes enable the 
regulatory agency to verify compliance with permit conditions 
(includina water aualitv-based tixics limitation's and comoliance ... r --
ichedule;) by authorizing the agency to impose on permittees 
requirements for iampling and analysis, record-keeping, and r e  
porting. Section 308 also authorizes access by EPA or State 
aqencles to facilities and records for verifyina comoliance with 
&rmit conditions. All records aoclated w i6  monitoring must 
be maintained by the facility and available for a )-year inswoon 
period in confoinance with 40 CFR Part 122.41. ' 

The CWA establishes the authority to enforce water quality-based 
permit conditions. The ability to enforce water quality-based 
permit conditions, h-r, relies on well-witten, clearly stated 
permits. The enforcement official must be familiar with the 
m e s s  by whkh permit muirements we4 derived. includina 
the pmc&ures used to determine the wasteload allo&tion b a 4  
on applicable water quality standards and the procedures used to 
derive limitations from the wasteload allocatidn. 

6.2 PERMIT REQUIREMENTS 

The conditions that are to be included in NPDES m i t s  are 
described in 40 CFR Part 122 Subpart C. In gene;al, permitr 
include effluent limitations, schedules of compliance, and accom- 
panying reporting requirements. Permits ihould prescribe the 
self-monitoring procedures, frequenw of analysis, sampling loca- 
tion and ~rocedures. acceptable or reouired a i a~ i ca l  t k h & e s .- .  ,---~-~ 

and f rqkncy of rrponing. Permits k e n  require that an&Z 
methods referenced in 40 CFR 136 be used for anahis. but mav 
spec~ymethodology not ,included in PaR 136 for ph~uiants witir 
no approwd methods or where the approved method is inamlo- 
priatcfor a particular permit limitation.' Permits should dcfi&any 
effluent limitations and explain specific procedures for calculatino 
averages of data ii dmeknt from arithmeti~ averaging. permit; 
should identUy what information must be retainedbv the permit- 
tee, and what data must besubmitted to EPA or the itate. '~esultr 
from self-monitoring required by the permit are reported on 

diiharge monitoring reports (DMRr) that generally are submit- 
ted monthly. Sampling and analysis that is donc more frequently 
than required by the permit must be included in the DMR. 

Smce most of the routine information gathered in compliance 
monitoring r ewh  from permittee self-monitorina. aualitv assur- 
ance ( ~ ~ j i s  as imponant as compliance wkh am6. it b essential 
that permittees develop and adhere to a QA plan consistent with 
therequired monitoring and analyses. The permittee is responsible 
for maintaining data to demonstrate compliance with QA proce-
dures established in the test methodology or a specified.in the 
permit. 

The regulatory agency generally has three ways of determining 
compliance with an NPDES permit and assurina adeouate QA: 
sen-monitoring reports, DMIVQA results, and in;pectidns. &h 
of these methods i s  discussed below. 

rs.1 drll-llrpadr 
Self-monitoring reports pmvide much of the compliance data 
used by the regulatory authority in the review of wrmittee com- 
pliance. ~hes i repor i  include bMRr and rew& of prog,eu on 
compliance xhedules. DMRs contain information on the sam- 
pling method, frequency and location, and analyiical results of 
permittee sebmonitoring. These data and data from progress 
reports on major schedule miiestom must be entered into the 
Permit Compliance System (PCS), a computerized data base, by 
the State or EPA 111. When the muired data are entered into the .. .- ... . 
lynm,KSwill automatically "~a~'violations of pmitlimitations, 
compliance schedules, and reporting requirements. 

In order to detect any problems with the aualitv of the sarnole . ,
analysis, it i s  often &&bk to obtain QA informatnn with ihe 
self-monitoring data. For th is  reason, xvml States and Reoions 
have dewloped addifional QA forms to accompany perm-ittee 
self-monitoring reports. This additional information may be re. 
q u i d  through the permit or through a Section 308 order. The 
QA data are compared to a reference QA data sheet that can be 
completed by the regulatory authority to indicate acceptable 
ranges of valuer for the required protocol. Appendix 8-5 provides 
an example of a reference QA data sheet for a whole effluent 
toxicitytest. Once compkted, this QA data sheet can be included 
inthe complinafikfor quick referenceby compliance pmonnel. 

It is important to note that poor QA is a violation if the permit 
wliiith, ~DecifieSadequate QA or references an acce~table . - ~~-~~ oro-~-

t k o l  with'conesponding ~~bmcedures.  It also is impomni to 
note that the signatory's certification of effluent data certifies 
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compliance with the spcmed pmtocds. Any pmbkms with QA 
should be reported at the Umeof DMR submission and chcunirq 

The DMRIQA program evaluate a pmnimc's ability to lmlylc 
and report accurate data. This program is lntcndrd to improve 
overall laboratory analytical perfooance for ulf.monitoring data. 
Authorih for requiring participation is granted In CWA Section 
308. In ihe O ~ G ~ ~ p n i g r a m ,  permlttcaare requid t o lM l yu  
"blind" ampks with constlcucnts and concenmtioioruthat o n  be 
found in their industrial or municipal wastewaters. lhe prmit. 
tees' results a n  compared to the known content of the sample, 
and an evaluation of the reported data b INItto the pennkUU. 
Permittees a n  expected to use theSame penavJ and me&od¶ 
emoloved for reponing NPDES data to analyze the umpks. 
~eklneesa n  requfind to follow the inltrudans for rePoning 
results and include a slgned C~ftifiitlon i t r tment In accordance 
with 40 CFR 122.22. 

Reaulatow aaencies conduct f d l o ~ u p  invesUgaUons to address 
or ir;coGplete DMWQA results, failure tokIticipate, or late 

submittal of DMWQA mulb. DMWQA womunce  nwhr  a n  
compiled annually. 

In the past, only chemical-specific analyses were tested in 
DMR/QA program. The Environmental MonltMing and,Support 
Laboratory (EMSL) in Cinclnnatl hasdevdopdah n c e toxicant 
DMRIQA sample for permittees with whok cfRwnt toxkily 
monitoring requirements. Nathnal impkmnbtion is occurring 
in 1991. 

lns~ectionsare conducted by the m g u l ~  authority or its con-

tra& to address speciClc hobti06 or p&bkms and to verify 

permittee compliance with mitconditions and QA procedures. 

inspections miy Include dewin9  ~ r d r ,  ~~t
i-n9 
facilities. a~euing progresswithC~@hnce*i6 m b t l n g  
laboratow facilities and performance. and cokt ing samples for 
analpis dr "splitting" sa~ples taken by the perm&for concur-

t y p  dINpcaiombased 
on the task that are included in thcNPOES~ K I l t U p c t h  
Monual[ZI. B e c a u K r e g u ~ t o r y a u t h o r i ~ a m u ~ t oIMW~ 
all major <nnual$ ngafdkv d cmplhncc Ntur, 
nonampling inspections (which are g c m l l y  +moutCe.in-
tensive) are encouraged for mutlne evahu(lw, of pcrmittrr p r -
formance. H o m r ,  sampling i iorupd0nS are still mcOUngK1to 
address permitting and enforcement prloritia. For that m, 
the regulatory agency must haw lhe full ~ M l i l yto uvrr 
effluent compliancethmugh i n h o u e ~ o r c o n m c t w p p a t  

inspections that focus on to* control can pmvide useful infor-
mation for water oualih assessment and m l t  relucuncc in 
addotson to compliance data. Procedure5 fdr INpcting fKllitia 
with toxic~tv testina reauirements and nwuurlne eMwnt t o x W t ~  
are detailed in t h e k ~ k  CompIior~el n ~ ~ a n u o l ,Chapt& 

7 121. 


-1 rent analyses. EPA has d&ned 

6 A V l O U ~ ~  

Rev*w of &ni t tee self-monitoring data to determine appmpri- 
ate mioreiment response ¶enera16 inwives a two-t ied review. 
The first tier is a preliminary review for timely, complete data that 
indhtes comp4iance with pennit requirements. Minor violations 
of r e q u i m t s  are often handled through informal phone calls 
or mmina ktters that do not reauire exten& review or over- 
light. &vklations increa* in magnitude, duration, orlrquency, 
(hygmenlly are assigned to penonnd who are responsible for 
the iccond.tier review (determining what enforcement action, if 
any, is appropriate). m e  guidelines for this process are presented 
in the~-Enforcement Manaaement Syrtem (EMS) I31, but the basic ~ ~~~ 

concepts of ruponsible ;omplianie tracking ofwatir quality- 
baKd requirements are d i g u d  below. Section 6.5 dixusses 
theenforcement decision process. 

. . 

Whcn the innial miew of d w n t  monitoring data indicates that 
unacceptable analytical methods wen used iya permittee or its 
contract iaboratorv. the mults shouid be ass~pned for review by 
pmonnel qua l i f i t o  determine the significance of the results. if 
the monitoring is insdiicieclt to determine compliance with f l u -
ent limitations, a warning letter or Section 308 letter requiring 
that the tests be repeated using acceptable procedures would be 
an appropriate response. 

Tracking a permit or Section 308 letter that contains "monitor 

onlf requirements requires both a compliance review (e.g., to 

determine 1 muhr of acceptable quality were submitted on 

time), and an action revim (e.g., to determine if the permit 

should be modified or reissued to include a limitation). This 

recond review should be assigned to personnel who are qualified 

to make this regulatory decision. 


In addition to the guidelines for reviewing monitorino data in the 
absenceof a s p e c k  effluent limitation, EPA also has recommendeo 
a criterion for determining which fluent violatiom must be as-
sip& for mimby a professional who will determine if a formal 
&orcement~-~ action is needed. or if a ohone call. wamino letter. or - ~~~~ ~ ~~~ 

kction 308 letter is m m  appropriaie. l'heseiriteria &known 
as theViolation Review Action Criteria and are listed in the EMS. 

In the cak  of a whole effluent toxicity limitation, anv violation 
must be mimedby a qualified prof&sional resp&sible for the 
enforcement decision. EPA makes this mommendation to ensure 
that adequate attention is given to QAand to ensure that additional 
testing is requiredif permitted testing frequency is leu than once 
pn6onth. 

In t h e w  of a violation of a chemical-smcific permit limitation, 
WA recommends that monthly werage limitation violations be 
rrvlcmd by a mfessional for potential enfo~ement response 
whmcvcr &dr more violations occur in a &month period. 
S(vcn&y Nenge and daily maximum violations shouid i~newise 
be &t iminimum of two or four. reswctivelv. occur 
during the coune of 1 month. Although tiere i; no deiineation 
khmntechnology-bad versus water quali+ased limitations 
in these V i t i o n  Review Action Criteria, Regions and States may 
wish to adopt a cmeria of "any violation" for all water quality- 



based, chemical-specific limitations as these criteria are solely to 
determine the h lof review and do not predbe enforcement 
action. 

Effective enforcement of toxk controls depends upon ckarly 
expressed requirements in NPDES permits. Thae controls are 
aenerallv in the form of numeric limits ons~edfictoxic chemicais 

wlloieffluent toxicity and schedules to initiate conslfuction or 
other compliance measures. 

Exceedina a permit limitation is a violation subiect to enforce- 
ment. So-me members of tht regulated communifj haveexprrrvd 
concerns that single violations of stringent water quality-based 
limitationswill result in unreasonable enforcement actions. EPA's 
guidance outlines a systematic mimof all vidations to determine 
the aoorooriate level of reswnse. This auidance aenerallvwaaests ~ ~~ , .  , - - . --
an informal response for minor or infrequent violations, escalating 
to formal enforcement and perhaps penalties for more freauent 
and environmentally hamfui violaiio"~. 

In evaluating appropriate response to violations, EPA's "Enforce 
ment Response Guide" of the EMS shouid be used for guidelines -

on the minimum acceotable reswnse 131.~ ~. . - . ~~~,~~ . .  
Further auidance on addreuina violations of whde effluent toxicltv 
limitatiok in particular is pres&ted in the ~ o m ~ l i i n c e  ~onitoring 
and Enforcement Strategy for Toxiu Control I41(seeAD~endixB 
4). This strategy e x G t h a t  all available av&& to compliance 
will be explored by the permittee, that the treatment facility is 
designed, constructed, maintained, and operated to achiere all 
water quality-based, chemical.specifii or kstavailable technology1 
reconda~treatment limitations, that chemical or Droceo substi- ~ - - ~~~ 

tutions hHve been attempted &d pretreatment k~ lored,  and 
that, in the case of publicly owned treatment work (POlWs), 
pretreatment program requirements and local limits have ken 
established and enforced. The strategy further expectl that the 
permittee will pursue a Toxicity Reduction Evaluation WE)as 
discussed in Chapter 5 incompliance with enforcement r q u h  
rnents or under its own initiative. If all of these expectations have 
been met and the facility is unsuccessful in identifying the cause, 
source. or treatabilitv of toxicitv d e ~ ~ i t e  makina aood-faith efforts 
to do k,the strateby allow ior klkl from z4 penalties. The 
underlying responsibility to achinn compliance with the permk 
limitation remains in effect. 

Some members of the regulated community haw requested EPA 
and several State agencies to defirw more clearly mforcement 
discretion with rn* to violations of whole b  t  toxicity 
limitations. To ddtne enforcement discretion would in effect 
make it no ionaer discretionarv. Furthemre. the ~ u r w s eof 
such guidance k u i d  be querlibnable as individual &&ment 
reswnses bv EPA and the States are own to mimbv the wblic 
and the cokts. In lieu of such additional guidance on &force-
men1 discretion, it is recommended that Regions and States 
adhere to the principles presented in the EMS, th; strategy, and in 
thls document. 

EPA also has developeda policy [51 on the arwment of appro- 
pMte civil penalties in both administrative and civil judicial ac- 
tknr in mpMlK to any CWA violation. This policy bases the 
penaltyamount on the wriournar of the violation, the economic 
h i  enpyed as a result of delayed compliance, any history of 
wchvblrtions, any goobfaith elfarts tocomply, and theviolator's 
abilq to pay. I n - 6  instance can this calcuiaied penalty ex& 
the statutory muirnum penalhdefined in CWA W o n  309. 

If any violation occurs, the permittee has the rerponsibility of 
informing the regulatory agency. If the violation potentially 
endangers health or the environment the violation must be 
verbally reported to the regulated agencywithin 24 hours and the 
permitieemust submit a ioncompiiance report within 5 days of 
violation detection. U there is no danger to heakh or the envi- 
ronment the minen report must be submitted at the time 
mDnitoring nponr are submitted. These reports must include a 
description oftheviolation, itscause, the periodof noncompliance, 
and if the noncompliance has not been corrected, the anticipated 
time whm comoiiancewill be achieved. 

Ar with other NPDES permit limitation violations, violation of a 
water quality-based tonics limit should prompt immediate action 
on the part of the permittee. Permittee response should include 
evaluation of the &use of the violation, cokction of operational 
deficiencies or improvement of treatment efficiency, and any 
other initial stem necessaw to resobe the violation and mitioate 
the environme&al effm: These immediate investigatory ;nd 
comCtive stem also shouid provide information that mav be used 
in developinga compliance schedule if the violation is noi resobed 
auiddy.. . 

When a water quality-based toxicity limit isviolated, the regulatory 
agency may qu i r e  additional monitoring to determine the fre- 
quency and duration of the violation. If the permit limit is not met 
auickbthmuah imomved housekeenina. owration. or raw waste 
cbntml (e.g.,-po~ enforcement o i  pr%atment kquirements, 
orchemical substitution bv industries). reauirina a TREas discussed 
in Chapter5 may be appropriate. Where ioxic&-based limitations 
are in effect, the enforcement response must reauire exoeditious 
compliam with the limit. 

Available enforcement mechanisms include Section 308 orders. 
kction 309 Administrative Orders, ~dministrative Penalty orders 
with Administratin Orden. or iudicial action. Enforcement action 
mu& be tailored to the s&kc violation and type of remedial 
d o n  required. Enforcement actions must be worded carefully 
sathatthey dearlyareunderstood, easiwtmked, and expeditiously 
mforced. 

Vmlating limitations of pollutants at concentrations that pose a 
threat to human health should receive immediate enforcement 
attention to prompt rapid resolution of the noncompliance. The 
regulatorv aaencv should consider the wllutant concentration. - - .  
&sure route, and whcther or not ihe pollutant exhibits a 
threshoM reswnse in determining if a schedule mav be allowed. 
Immediate ir;junctive reliicf (such &a  temporary miraining order 
or preliminaly injunction) shouid be souoht when necessary to 
pmtect ~ U M Lwater wpp l i i  and fish aAd shelH~sh areas from 
Imminent or substantial impairment. 



6.6 llLPORTmOOFVlOLATlOlls 

The mnulatofvauthorltv is resmrdbk for remnino to the nublic- . - - - r - - -

on permittees in violation. Reporting requiremenufor theQuar-
terlv N~n~om~l ianceRewrt [QNCR) of maior wnnittm in vio-
lation of the i r '~p0~5pinnit; i re  e&blish;d in 40 CFR 123.45. 
Reporting of violations of water qualily-based monitoring, limita-
tions, schedules, and reporting requiremenb by major facilities 
must be consistent with 40 CFR 123.45. Violations of permit or 
enforcement order conditions by major permittees must be rr-
ported as follows [6]: 

factor of 1.2 for a Cmup Iparameter or 1.4 for a Croup Ii 
parameter as defined in the Regulation, or H four or more 
monthly average measurements in a 6-month period ex-
ceed the limit by any amount (40 CFR 123.45(aXZ)(ii)(C)). 
Any violation durina the auarter of an interim monthly 
average chemical-skific toxic limit established in an ad-
ministrative order or court orderlcon~ntdecree must be 
rewrtedon the QNCR (40 CFR 123.45(a)(Z)[ii)(A)). (Note:. . .. .. ,. ,, . 
&ole effluent toxicity k not characterized as a Cmup Ior 
Croup IIparameter. and as such, ma! be evaluated on a 
professional judgement bazisunder 40 CFR 
123.45(aXZ)(iii)(A)(l).) 

Effluent v~olat~ons(chemical-spcc~ficandwhole effluenttox-
ICIW) must be reported on theQNCR #fthe v~olationhas the Compl~anceschedule mdestonesthat are not met withan 90 
poiential to have caused a water quality problem (40 CFR days of the xheduled date must be reportedon the QNCR 
123,45(a)(2)(iii)(A)(l)). (40 CFR 123.45(a)(ZXiiXB)). 

Chemical-specific toxic permit limit violations must be re- • Failure to submit a report within 30 days of the due date 
ported on the QNCR if two or more monthly average mustbe reportedon the QNCR (40 CFR 123.4S(a)(Z)(ii)(D)). 
measurements in a 6-month period exceed the limit by a 
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This chapter presents examples of the development of water 
quality-based discharge limits to illustrate the integration of the 

' guidance of the previouschapters. There are three examples: an 
industrial discharge with ample dilution, a publicly owned treat-
ment work ( P O W  with moderate dilution. and the combina-
tion of an industriaifacility and a POTW dis;harge to the same 
reach. 

The first example is the jaybird Corporation, a metal finishing 
firm. The NPDES permit for the facility is about to expire, and the 
corporation has submitted an applicationfor a new permit. The 
example shows the steps that a permitting authority would take 
to determine if a water quality-based effluent limit is  necessary 
and then to establish such a limit. The example also illustrates 
when best availabletechnology (BAT) limits are applied instead of 
water quality-based limits, the use of human health criteria, and 
the variations in the limits derived by differentwasteload alloca-
tion methods. 

' 7.2.1 &nml Site IbscrIptIonmdlnfommtlon 
The jaybird Corporatlon facility discharges into the Locapunct 
River. The river is aDproximately60 miles long and its banks are 
occupied by small towns separated by woodlind and farmlano. 
The river is classified by the State in the water quality stardards as 
having designated uks of a fish habitat, primary contact recre-
ation, and a drinking water supply. For these uses, the State has 
adopted the federal water quality criteria into the water quality 
standards to protect aquatic life and human health. The State 
standards also includes a narrative criterion of "no toxics in toxic 
amounts" for other toxic materials. 

Water quality monitoring indicates some infrequent excursions 
above water quality criterionfor copper and nickel. These pol l~t-
ants have been found in mea~urable~uantitiesin the effluents of 
several facilities. 

toan excursionof the water quality standards. Theauthority used 
the effluent characterization process for specific chemicals de-
scribed in Chapter 3 in this evaluation. In general, the procedures 
are desianed to determine which pollutants are of concem and 
which requireeffluent limits, 

Step 1: Identify Pollutants of Concern 

Data were obtained from a number of sources to identify and 
quantify the pollutants of concem in the Jaybird Corporation 
effluent: 

Effluent chemical concentrations were taken from the Per-
mit Application Form 2C. Discharge Monitoring Reports 
(DMRs), EPA's Permit Compliance System (PCS), and per-
mit files. 

EPA's STORET data base was used to obtain U.S. Geological 
Surveyflow data and ambient monitoringdata for the river. 

BAT limits for the metal finishing industry were obtained 
from 40 CFR433 Subpart A. 

The permitting authority noticed in review of these data that the 
information in Form 2C replicatedthe information in the DMRs, 
and therefore decided to use the DMR data as the primary basis 
for characteruingthe effluent. These data for toxicants DMRs are 
shown in Table 7-1. For those parameters currently not covered 
by the wrmit, Form 2C data indicated that mllutant concentra-
tibns A r e  below detection limits. The pekitting authority re-
quested informationfrom the facility showing the detectionlevels 
used: the* levels were consistent k i th tne detection levels listed 
in the National Pollutant Discharge Elimination System (NPDES). 
regulationsat 40 CFR 136. 

The effluent from the lavbird Corwration is reaulated bv the 
Metal Finishing Point <o;rce ~atcgoryeffluent Gidelines 6t 40 
CFR433 Submrl A. These auidelines reauiate the followina toxic 
pollutantr: Admiurn, ch&mium, cop&, cyanide, lead, nickel, 
silver, zinc, and total toxic organics. 

Although these parameters were regulated at the laybird Corpo-
ration. the onlv toxic wllutants evident in the discharoe were

~~~ ~~~~~ 

melaybirdcorporation isa finishingfacilitythat lead. iopper, and nickhl. The facility's treatment system kddced 
in coo~er~latinaof lead shells for a nearby military installation. concentrafion~of other pollutants to below detection. 

Ar a hetalifnish&, the JaybirdCorporationb relativ&lysmall with 
a discharae of 0.034 CIS(0.022 mad). The effluent at the laybird 
~or~ora<onis treated by precipitation and settles before dir- Step 2: Determine the RAC, CMC, and CCC for Pollutants of 
charge through a multiporl diffuser. The corporation is subject to Concern 
BAT and best practicable technology (BPT) effluent limitr for the 
metalfinishing industry. The State has adopted numeric water quality criteria for acute 

toxicity (criterion maximumconcentration[CMC]), chronic toxic-

72.2 EMcmrt ChmctaWlon for-c WmIcals ity (criterion continuous concentration [CCC]), and protection of 
human health (reference ambient concentration [RAC]). The 

The permitting authority has adopted a procedure in which pol- water quality standards present the CMC and CCC criteria as 
lutants concentrations in each facility are evaluated for the poten- equations based on ambient hardness concentrations. The stan-
tial to cause, havethe reasonable potentialto cause, or contribute dards require that the 85th percentile lowest hardness be used. 

This value is 100 mgll as CaC03 for the Locapunct River. 

Precedingpage blank 
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Table 7-1. EfRuentData for the layblrd Cwporatlon the river; the flow statistics were calculated using the data from 
this station: 

Harmonic meanflow = 38.0 ds 

1,317 7QlOflow=13.0ds 
1,092 230 
1.073 258 464 lOlORow= 10.1 cfr. 

Mean 
SD 
CV 
Max 
Min 
N 

-- --

source: DMR data tor chCrnicaiS 308 quest  Ifor whdcdlluent toxicity 
Mnl.....-.-.. 

Metal, maned ar totll ncmrable metals toxicity mpaned in rhmnic toxic 
uniu (1WINOEC). 
The permittee did not urc a geometric dilution k e r  for tht toxicity tnu.  The 
reruluare the hiihrrt toxic uniufor any of tkt a t  wganlrmr used. 

The aquatic toxicity criteria for metals in the standards are ex-
pressed as the acid soluble form of the metal. The State has 
adopted a ratio to express the acid soluble form of metals as the 
total recoverable form for the purpow of developing NPDES 
permit limits. This ratio is based on historical data that the State 
has collectedfor rivers in the basinwhere the Lmpunct lies. The 
values of the ratio are 0.35 for lead, 0.70 for copper, and 0.85 for 
nickel. The standards consider the criteria for human health 
protedion to be in the total recoverable form of the metal. 

The facility provided a study of the outfall that showed that the 
multipart ditfuser quickly achieved complete mixing across the 
width of the river. Dilutionat the edge of the mixing zone could 
therefore be characterized by the complete mixing equation: 

where 
C = the receivingwater concentration 

C,,=the maximumeffluent concentration 

= the fluent flow 

Cs = the receiving water backgroundconcentration 

Q, = the appropriatereceivingwater Row. 

Step 4: Determine Reamnable Potential for Excursions 

To determine ifthe facility discharge was expected to cause or 
have the reasonablepotentialto cause the CMC, CCC, or PAC to 
be exceeded in the receiving water, the maximum receiving 
water concentrationof each pollutantwas first compared to the 
appropriate receiving water criterion. If the criteria were ex-
ceeded, then this was considered evidence that a water quality-
based limitation must be developed. 

Maximum uDcctcd concentrations were cakulated usina the 
average effluent flow, maximum effluent concentrations, L c k -
around receiving water concentrations, and the relevant receiv-

Based on the hardness and acid soluble-to-total recoverable ra- kgwater flow: ihe 1910for the CMC, the 7910 for the CCC, or 
tlos, the appl~cablestale water quality criteria a n  the following: the harmor.ic meanfor the RAC. The backqround receivinawater. . 

concentrations for total recoverable metais were obtain& from 
CCC CMC RAC STORET data: 

Pollutant (Jtd1) bgll) (Jtg/l) Lead 1.6 14gll 

Lead 9.1 235 50 Copper 4.8 11911 

Copper 17.1 25.7 NA Nickel 13.2 w/I 
Nickel 188 1,647 13.4 The maximum effluent concentration was estimated using the 

statistical~DDtUachinCha~ter3. There were 12concentrationsof 
each metaikpond- in th; DMRr. For lead, these concentrations 

Step 3: D,,~~,,,,,,,~ ~ 1 1 ~ .f o r ~ q u a ~ c~ f cand numan~ ~ l t hhada maximumvalue of 423 pgfl. an arithmetic meanof 258 pgl  

Impacts I, an arithmetic standard deviation of 74, and an arithmetic 
coefficient of variation of 741258, or 0.3. This cr?fficient of 

The State water quality standards require that compliance with 
water quality criteria be achieved at the edge of the mixlngzone. 
The standards specify the minimum dilution at which the criteria 
apply. These are the 7Q10flow for the CCC the 1410 flow for 
the CMC, and theharmonic mean flow for human health criteria 
(PAC). The U.S. Geological Suwey operates a gaging station on 

variationand the number of observationsdeterminec i ich mul-
tiplier was elected from Table 3.' In this case, the multiplier 
value for 12 obrervations and a CV of 0.3 was interpolated from 
the values for 12 observationsand CVs of 0.2 and 0.4. The 99th 
percentilemultiplierwas estimated to be 1.7. Similar calculations 
were conducted for copper (multiplier of 2.8) and nickel (multi-
plier of 3.7). 



The receiving water concentration for lead for comparison with 
the CCC was calculated uslng data from Table 7-1: 

C = u 7  x 423 uall x 0.034 cfs) + 11.6uall x 13 dsu 
(0.034 ds + 13 ds) 


= 3.5 pg11 

where 

13 Efr = the receiving wafer flaw at 791 0 
0.034 cfs = the mean effluent flow 

423 pgli = the maximum effluent concentration 

1.7 	 = the mtistical effluent multiplier to estimate the 

99th percentile concentration 
1.6 pg/l = 	 the background receiving water concentration. 

The value of the calculated receiving water concentration, 
3.5 "all. was less than the chronic water aualihl standard of 9.1 
pglifgr iead, and therefore there is no reasonabk potential for the 
CCC to be exceeded. 

Using theeffluent data presented inTable 7-1, the receiving water 
concentration is compared to  the CMC as: 

C = L(1.7x 423 uall x 0.034 cfs) + 11.6uall x 10.1 cfsu 
(0.034 cfs + 10.1 ds) 


= 4.0 pg11 


where 10.1 is  the receiving water 1 9 10 flow and the other values 
are identical to those for the CCC comparison. The resultins 
concentration of 4.0 pgll was less than the acute standard of 23i 
uall for lead. There is no reasonable potential for the CMC to be 

For haman health criterion evaldation, the receiving water con- 
centration lor compared to the RAC was calculated as: 

C = u1.7 x 423 uo-4 ds) + 11.6uall x 38 dsu 
(0.034 ds + 38 ds) 


= 2.2 pg11 


where 38 ds is the harmonic mean flow and other values are the 
same as above. This value war less than the human heath criteria 
value of 50 pgll for lead, so there is no reasonable potential for the 
RAC to be exceeded. 

Similar calculations were done for copper and nickek 

Criterion Receiving Water 
(119~) concentration bg11) 

CCC- - 17.1- 22.0 

CMC 25.7 26.9 


Nickel-
CCC 188 
CMC 1,647 16.6 
RAC 13.4 14.1 

The effluent characterization showed the reasonable potential for 
excursions above the CCC for copper and above the RAC for 
nickel. Therefore, permit limits are necessaryfor these two pollut- 
ants. 

72.8 E l l l r r t ~ f O f Y k k ~ l u k W  
Whole effluent toxiciw also was evaluated since there was a 
potential for excunion;abow the narrative water quality criterion 
due to the combination of effluent toxi~anbwith other toxicants 
in the receiving water and in the effluent but below the detection 
level. The procedures used below follow those presented x h e  
matically in Figure 3-2, Chapter 3. 

Step 1: D i l u t h  Detnmination , 

The initial dilution determination was used to establish the tvms 
of toxicity tests that are conducted to characterize the eftltknt. 
The dilution at the lowflow characteristics for the facilihr is the 
following: 

At the 7Q10, dilution 	= (0.034 ds + 13 cfs)/0.034 ds 
= 383 

At the lQ10, dilution 	= (0.034 ds + 10.1 ds)/0.034 ds 
= 298. 

Step 2: Conduct Toxldty Testing 

EPA recommends that a discharger having a dilution behveen 
100 and 1,000 be required to conduct either chronic or acute 
toxicity testing. The permitting authority decided to require 
chronic testing but required the permittee to report the test 
results at the 48-hour endpoint so that acute toxicity could be 
measured. One year More  the oermit was due to expire, the 
permitting authohty requested, under the authority of the Ckan 
Water Act (CWA) Section 308, that the permittee test his effluent 
for toxicity to provide effluent information in order to write the 
next NPDES permit. In this case, the permitting authority speci- 
fnd that the dixhamer submit auarterlv chronic t0xic.W data for 
1 year using the ~ ~ i t o x i c i t y  tesu for jeknostnnn, ~pribdo~hn;~, 
and P~mephalcs. The permitting authority also specified that u p  
stream ambient water be u s 4  as the diluent in the tests so as to 
allow the tests to measureadditive elf& from ambient toxics. In 
response to the Section 308 request, the discharger submitted 
the whole effluent toxicity data shown in Table 7-1. 

Step 3: Determine Reawrubk Potential for Excurdons 

The State interprets i ts narrativecriteria for whok effluent toxicity 

to require that the technical support document recommnda- 

tions of 0.3 TUa and 1.0 Ncbe used as numeric values for acute 

and chronic toxicity, respectively. In accordance with the State 

standards, the CMC applies under the 1910 flaw and the CCC 

applies under the 7910 flow. 


The determination of exceedance of the CMC or the ccc was 
sirnplitied by the way in which the tests were conducted. Since 
the upstream ambient waterwas used as a diluent the test results 



already include an arrcrrment of contributions from background 
toxicity. Therefore, the upstream receiving water concenuation 
was set to zero. 

The maximum effluent concentration was again estimated by 
usino the statistical a ~ ~ m a c h  in Chaoter 3. Ar shown inTabk 7-
1, there were four obkwations of &ole efRwnt toxicity. Baxd 
on the guidance of Box 34, these are InsulfKknt to determine 
the CV accurately; therefore, the default CV of 0.6 was used. The 
4 w n t  multiplier of 4.7 was obtained from T a m  3-1 using the 
number of obsewations, the CV, and the 99-percent probability 
basis. 

~ 	 ~~~ 

The receiving water concentration for chronic toxicity for c m -  

parison with the CCC was calculated using data fmm Table 7-1: 


C .(4.7 x 20 N,x 0.034 ds) + (0 TV, x 13 cfs)] 
(0.034 cfs + 13 cfs) 


= 0.25 TUC 


where 

13 ds = the receiving water flow at 7910 

0.034 ds = the mean effluent flow 
4.7 = the statistical effluent multiplier 

20 TU, = the maximum effluent concentration. 


The value of the calculated receiving water concentration, 0.25 

TU, was less than the chronic water quality standard of 1.0 TU, 

and therefore there is no reasonable potential for the CCC to be 

exceeded. 


To calculate the receiving water concentration for acute toxicity, 
the permitting authofity first converted the chronic toxicity data 
into equivalent acute toxicity unitc by applying the acutsto- 
chronic ratio (ACR) of 5 obtained from the monitoring data. The 

,receiving water concentration for acute toxicity was then caku-
lated: 

C =  	[ ~ 4 . 7 ~ 2 0 T U ~ / 5 A C R ~ 0 . 0 3 4 ~ ) + ( O N ~ ~ 1 0 . 1ds)] 
(0.034 ds + 10.1 ds) 

where 10.1 ds is the receiving water flowat lQ10.5 is theacute 

to chronic ratio, and the other values are the same,as above. The 

calculated value of 0.06 TU, is below the criterion of 0.3 TUi  

therefore. there is no reasonable wtential for the CMC to be 

exceeded. Since there was no mamiable potentialforucdances 

above either the acute or chronic criterion. mltlimits were not 

developed for whole 4 u e n t  toxicity. 


7.2.4 DntomI~WmtddNlocrllr 
The wasteload allocation (WIA) was used to determine the level 

of effluent concentration that wuld comply wlth water quality 

standards in the receking waters. A WLA will onfy be &mined  

for those parameters that haw a -able potential to cause 

exceedances of water qualiv ttandards. l'hrrfoR 

determined for coppr and nickel. Since UKnwas no reasonable 


potential for excursions above the CMC or CCC for nickel, only 
UnWUfor human health was calculated. 

TO determine W M .  the numeric criteria in the water aualitv 
standards and background concentrations were used to ialci. 
late effluent concentrations that would result in com~liance 
with those standards. The calculation of W k  used &eiving 
water flmthat were appropriate to each standard:. chronic 
WW were calculated using the 7910 flow, acute W k  wwe 
calculated using the 1910 flow, and human health WLA( were 
calculated using the hanonic mean Row. Since the effluent 
was mixed rapidly by the multiport diffuser, the complete mix 
quation was used: 

where 
= the effluent Row 

Q = the receiving water Row 

Cs = the background receiving water concentration 
WQC = the water quality criterion. 

The chronic and acute WL4 for copper were calculated at the 
7410 and lQlO Rows, respectively: 

m=(17.1 pgIlx(O.O34cfs+13cfs)-13cfsx 
4.8 pgll] 10.034 cfs 


= 4,720 pgll 


W& 	 = [25.7 pgll x (0.034 cfs+ 10.1 cfs) - 10.1 cfs x 
4.8 pgll] 10.034 ds 


= 6,234 pgll. 


The human health W f o r  nickel was calculated at the harmonic 
mean flow: 

' '  

WLA+, = [13.4 pgll x (0.034 cfs  + 38 ds) - 38 ds x 
13.2 pg1110.034 cfs 


= 237 pgll. 


Permit limits were developed using a steady-state, two-value WU 
model as described in Box 5-2, Chapter 5. Valuer. for constants 
were obtained fromTable5-2, Chapter 5. 

Step 1: Cal~ulateLTA (note this is Step 2 in Box 5-2) 

The chronic long-term average (LTA) for copper was calculated 
using the following formula: 

LTA, 	= Wx exp I0.5 a - z a] 

= 4,720 pgll x 0.440 

= 2,077 pgll 


where valuer of exp [ 0.5 d - z m 1are prerented in Table 5-1 
(W chapter 5). he cv of 0.8 and folldngwas 	 the 



guidance of Section 5.5.4, the z value for the 99th occu- With a CV of 0.6, four m m p k  per month for sampling, and a 
probability was used. 99thpercentlk used for the MDL, the factor is 1.64: 

The acute LTA for copper was calculated, again using t k  99th MDL - AMLx1.64 
percentile occurrence probability values from Table 5-1 as the = 237 pgn x 1.64 
multiplier: = 389 pgn. 

The LTA for nickel human health permitting is considend to be 
the same as the WLA because the 70-year avwaging period is 
used for human health evaluations (seeSection 5.4.4). The LTA is 
calculated as: 

L T h  = WLAh 
= 237 pgll. 

Step 2: 	 Determine the More Umlting LTA 

The limiting LTA for each pollutant was the minimum of the 
chronic, acute and human health LTA The limiting LTAvalue was 
used in the next steu to calculate maximum dailv limits and 
average monthly limik. The limiting LTA for copper was found to 
be the acute LTA (1.552 ua11) and the limitina LTA for nickel was 
found to be the h;man health LTA (237 pg/lj: 

Step 3: 	 Calculate Maxlmum Daily and Avenge Monthly Umits 

The maximum daily limit (MDL) for copper was calculated using 
the expression: 

MDL 	 = LTA x exp [z a - 0.5 dl 
= 1,552 pgll x 4.01 
= 6,224 pgll 

where the appropriate value for exp [z a - 0.5 dlwas taken hom 
Table 5-2 using the row with the CV for copper (0.8) and the 
column for the 99th percentile probability basis. 

The average monthly limit (AML) for copper was cakubled using 
the expression: 

AML 	 = LTA x exp [ z an - 0.5an2] 
.= 1,552 pgll x 1.75 
= 2,716 pg11 

where the value for exp [ z an - 0.5 anq was taken from Tabk 5- 
2 and, for this case, the number of samples per month was four. 
Following the recommendations in Section 5.5.4, the z value for 
the 95th percentile probability basis was used. 

The effluent limits for nickel were determined by usingthe recom 
mendations in Section 5.4.4. Cha~ter5. The AMLwas consldefed 
to be identical to the W& whereas the MDL was cakulatd from 
the AML by using the appropriate multiplier factor in Tabk 5-3. 

The NPW mgulrlionr rquire that effluent limits require treat- 
ment Jlatacterirticdthea m d t e  treatment technolwv and 
abo achkve mtnq w l i  Gnddrds, water quality-k'lirnits 
are more drirQmtthan BAT limits, then the water aualiwbased 
limits kcomomthe b.rir for the effluent limits. ~on&rse&, if the 
bcrtmmt technology (BAT) limits are more stringent, then they 
krrmthe bash of the limits. 

7hc comparison between the waer aualitv-based and technol- 
ogy-- effluent llmits are shown b;low: The more stringent 
hbndMemt f a  d'Werentpollutants: for nickel, water Quai- 
ityaued limits are more stiingent whereas for copper, the BAT 
limbare the more Mngent. 

. . 
Copper Nickel 

Water quality MDt 
AML 

6,224 
2,716 

389 
237 

BAT MDL 
AML 

3.380 
2,070 

3,980 
2,380 

Limitmuse MDL 
AML 

3,380 
2,070 

389 
237 

In d mwith NPDES regulations, the efliuent limits were 
upmvdin thepmnltas mass (pounds per day) by multiplying 
theconcentfations a b m  bv theeffluent Row of 0.034 d s  and tne 

Copper Nickel 
Obld) (Ibld) 

MDL 0.62 0.071 
AML . 0.38 0.043 . . 

7.2.7 Oll*nSlllhr*ltUllt-Hdads 
Pmnn limitsfor coppcr.lro were deve~oped using a Monte Carlo 
simulation in adcr to compare the resuits to the permit llm~ts 
dcrlnd fmm the tWO-value, steady-state model. A Monte Carlo 
Jmulatkm rm used to g m n t e  receiving water concentrations 
to detennfntheefflqent LTAforeach of the pollutants such that 
lkwater UiMil are achieved at the required frequency in the 
mtcrqwlny standarb. 



Monte Carlo simulstion used thesam completely mixed dilution 
eauation as was used lor the Iteadvstate cakubtlon: 

where C is the receiving water concentration (in~ l l ) ;Ce and C, 
are the effluent concentration and the backwound concentration 
of thereceiving water, respeclively (in wg/l);. and Qe and 9,and 
fluent and rueiving water Rom. rrtpectiwly (in ds). Wuent 
flows were hcld constant at hm a n  clflwnt Rav, and river 
flows were read from a computer fikcontaining 60 yea6 of daily 
flow data ~mvidedbv the U.S. Ccdwical Sumv. The dRuent 
concentra1;ont wne lharactedzed by> bgnornbllydirvlbuted 
random variate. The random variate had a coeffuent of variation 
that matched the CV of the pollutant in the effluent. 

The Monte Cario simulation was run using 22,276 keraions. 
Once 22,276 receiving water concentrations hed been calcu-
lated, receiving water concentrations were soRed, highest fit. 

. 	 The 20th value (cowesponding to the maximum concentration 
exoected for 1 dav in 3 vears) was comoared wlth theao~moriate. .  . 
criierion. The lday  in'3-&r retum f;cquency is recommended 
by €PA for criteria (see Chapter 2). H this value was higher than 
the criterion, the effluent LTA was reduced, and a new set of 
22.276 numbers was generated. When the receiving water con- 
centration of the 20th value was just under the water quality 
criterion (and the 19th value was just over the same value), then 
the LTA effluent concentration generating these results was sufii-
cient to achieve the water quality criterion; this LTA wasJhen used 
in permit limit determinations. 

For chronic criteria, 4.day average concentrations were generated 
by taking the 4day running average of modeled daily Concentra- 
tions. The recurrence concentration was calculated in the same 
way as the 1-day calculations described in the previous para- 
graph. Calculations were not made for thehuman health criterion. 

The permit limits were calculated according to the procedures 
aiven in Box 5-3. Each LTA was multiplied by the 99th wrcentile 
~ultiplierfromTable 5-3 for the MDLand by the95th prcentik 
multiplier h m  Tabk 5-3 for the AML. For the AML the same 
number of samoles were used forrthe steadv state and Monte 
Carlo permit lirkts (nY(). Thus, the resulting permit limits are 
directlv comoarable. The results of the Monte Carlo simulation lor 
coppe; compared to the steady state calculations in units of 
micmgramsAiter are shown below: 

Maximum Average 
Daily Monthly 

Monte Carlo 8,618 3,761 
Steady State 6,224 2,716 

The second example is of a fictitious POW that discharges to the 
sme reach as the lavbird Cornration. The NPDES wrmkfor this 
facility also is up f i r  kssuanci. The exampk highlights the use of 
background receiving water concentrations, and demonstrates 

the dafcnnces between industrial and POW permit limits. In 
developing permit limits for the POW in this example, the 
mtential imbactr from the lavbird Cornration dixhame were 
&&wed i; the use of ba;kground &eking water co;;centra. 
tions. The internlationshim between the two facilities are dis- 
cussed explicitly in kction'7.4. 

7.a.1 ' s n # m m l # t b R ~ ~  
Thc Locspunct Rhnr receives discharges from a POW sewing the 
city of Aubum, a small city of about 10.000 people. The POW 
treats a mixture of household and industrial waste with an actb 
vated sludge procru. The mean elfluent flow from the POW a 
1.23 cfs. The POW has no PRtreatmmt pmram. but the 
municipality generally is aware of the small indistries that are 
iMlirect dischargers because of research conducted by a local 
university. Generally, the plant is well operated. 

7.3.2 E M I&@tcItlc mi& 
The wrminina authoritv's approach for determinina which wl-
lutanu cause, have the ksdr;dbk potential to cw; or conirib 
ute to excursions above water quality standards applies to POW$ 
as well as indurtries. The authority used the procedures described 
for the jaybird Corporation inthe evaluationof the Aubum POW. 

Step 1: 	 IdenWy Pollutants of Concern 

At the time of the last wit issuance, there was evidence of a 
number of toxic pollutants in the POTW's effluent, includins 
copper, chlorine, and ammonia. These pdlutants had monitor-
ing rquiremenb in the previous permit. W u s e  there were 
metals in the effluent and, due to the induMes discharging into 
the POTW sewer system, the permitting authority requested the 
POW to conduct a comolete Dnoriw wllutant scan of the efflu- 
ent The data received iollowlng thi 'Section 308 letter request 
indicated that the concentrations of all orioritv wNutants excent 
copper were below detection limits. T/le P O ~ ~ Sprimary toiic 
pollutants of concern were copper, chlorine, and ammonia (xe 
Tabk ;I-Z).. 

Step 2: 	 DetemlneRAG CMC, orCCCfor Pollutants of Con-
cern 

Ar dexribed In theexample of the industrial discharge, the water 
quality standards include numeric criteria for cower. The State 
biso has adopted a numeric criterion, for am%onia that is a 
function ofthe river 85th percentik pH and temperature; these 
values are 8.2SC and ZSC, respectively. Finally, the State inter- 
preU its narrative criterion of "no toxiu in toxic amounts" to 
reauireuse of the federal water aualih, criteria in the absence of a . , 
numeric state criterion. As a result, the permitting authority uses 
the fcderal criteria for chlorine. The a~~l icable water aualitv . . . . 
criteria for the riwr are as follows: 

CCC CMC 
019/1) @9ll) 

copper 17.1 25.7 
Chlorine 11 19 
Ammonia 540 4,000 



Table 7-2. Effluent Datafor the Auburn WTW 

n 

1 
2 
3 
4 
5 

Source: OMR data for c h e m l ~ i ~308 quntfor  whdc M w n t  toiicty. 
Notes: 
Metals as total mownble to*iriiy in toxic vniu (IWINOEC). 
l kmuiu a n  the highest toxic vniu for any el the tnt organism$u d .  

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Mean 
SD 
CV 
Max 
Min 

Step 3: DetermineDilutionfor Aquatlc Ufe and HumanHealth 
Impacts 

Copper 
~ g l l  

268 
115 
228 
59 
53 

quation to calculate the receivingwater concentrations. This is 
thesame quation used for the induRrial exampk. 

200 
262 
519 
53 

474 
115 
259 
404 

57 
101 
187 
103 
76 

198. 
265 
60 

112 
185 
133 

0.7 
519 
52.6 

Step 4: Detcrmlm RearonablePotential for Excursions 
Chlorine 

~911 

185 
301 
881 
372 
245 

The determination ofporribk exceedances in the CMC or CCC 
was bwd on a cakulation ofthemaximum receivina water con-

343 
153 
448 

1,022 
347' 
130 
128 
271 
451 
701 
582 
178 
436 
347 
475 
153 
268 
366 
235 

0.6 
1,022 

123 

centration of each pdlutanl followed by a compakon to the 
appropriate receiving water critnfon. The calculationof the maxi-
mum receivingwater concentrationsmremade using the statisti-
cal estimate of the 99th percentileconcentration of each pdlutant 

Ammonia 
lrgn 

11,009 
13,025 
12,201 
24,548 
9.700 

in the &wnt  the same flowwed in the industrial examok. and 

Toxicity 
WC 

2 
1 
1 
2 

3,976 
22,307 

7,427 
11,834 
8,430 
4,382 
9,330 
6,137 
6,448 

37,772 
14,307 
16,648 
28,205 
12,119 
11,778 
3,109 
4,474 

13,182 
8,491 

0.6 
37,772 
3.1 09 

consideredbackgroundreceivingwater concentrations of:' 
' 

Copper 4.8 pg/I 
Chlorine 0 ~ g l l  
Ammonia 120pgll. 

The maximum effluent concentration was estimated using the 
statistical appmsch in Chapter 3. There were 24 concentrations 
of each chemical reported in the DM&. For copper, these 
concentrations had a maximum value of 519 pgll, an arithmetic 
mean of 185 pgll, an arithmetic standard deviation of 133, and 
an arithmetic coefficient of variation of 1331185. or 0.7. The 
multiplier was calculated to be 2.4 based on the CV of 0.7, 24 
observations, anda99-percentconfidence level(seeSection 3.3.2). 
Similar calculations were conducted for chlorine (multiplier of 
2.2) and ammonia (multiplier of 2.2). 

The receivingwater concentrationsfor each pollutantwere calcu-
lated. An example calculation for the comparison of copper to 
the CCC is shown below: 

C = 112.4 x 519 uoll x 1.23cfs)+ (4.8 uall x 13cfa 
(1.23ds+l3cfs) 

= 112 pg11 
where 

519 pgll = the maximummeasuredeffluent concentration 
2.4 = the statisticalmultiplier 
1.23 cfs = the averagef luent  flow 
4.8 11911 = theupstream receiving water concentration 
13cfs - the7QlOflow. 

1.5 
0.6 
0.4 
2 
1 

The maximum receivingwater concentrations for comparisonto
The State water quality standards requires that compliance with standardsfor allpollutanuwere calculated to be: 
water quality criteria be achievedat theedge of the mixingzone. 
The standardsspecify the minimum dilution at which the criteria 
apply. These are the 7Q10 flow for the CCC, the lQlO flow for 

ReceivingWater 
Criterion Concentration

the CMC, and the harmonic meanflow for humanhealthcriteria 
(RAC). The U.S. Geological Survey operates a gaging station on 

hll) @911) 

the river. The flow statistics were calculated using the data from G2L2CSI 
this station: CCC 17.1 112 

CMC 25.7 140 
Harmonic meanflow= 38.0 cfs 

7QlOflow=13.0cfs 

lQlOflow=lO.l ds. 

The POTW Is locatedat a bendof the river where mixing is rapid. 
Therefore, the permitting authority used the complete mixing 

shbriw 
ccc 11 
CMC 19 244 

AJQmmh 
CCC 540 7.292 
CMC 4,000 9,128 



The effluent characterization s h o m d  theworubk potentialfor 
excursions. above the CCC and CMC for coppcr, chlorine, and 
ammonia. Therefore, permk limitr were devclopCd for these 
pollutants. 

step 1: DlluUon Determlnatfon 

The.initial dilution - determination was u x d  to establish thetwa.. 
of toxlcity tests that must be conducted to characterize the ;i(lu-
cnt The dilutron at the )ow Row characteristicr for the facI'nV is 
the following: 

At the 741 0, dilution = (1.23 ch + 13 ds)/l.23 ch 
= 11.6 

At the 1410, dilution - (1.23 cfs + 10.1 &)/1.23 ch 
= 9.2. 

Step 2: Conduct Toxlcily TeNng 

EPA r e c ~ m e n d ~that a dischamer havino a dilution kthan 100 
be required to conduct chronicbsting. i he  permitting authority 
requested through a Section 308 letter that the POTW prod& 
quarterly chronTc toxicity data for the year prior to permit 
rekuance. T e a  using Seknast~m,Cericdophnia, and Plmpt~ks 
were required. The permltting authority also required the permit- 
tee to report the test results at the 4&hour mdpdnt so h tacute 
toxicity also could bemeasured. Table 7-2 summarizes the results 
of the whole effluent toxicity testing. 

Step 3: Determine Reasonable Potential for Excunlons 

As exolained in the industrial example, the State lnterprrtr its 
narrative criteria for whole dfluent bxicity to require ihat the 
technical support document recommendations d0.3 N.and 1.0 
TU, be used' as numeric values for acute and c h r o n i c t o x ~ ,  
respectively. In accordance with the State standards, the CMC 
applies under the 1410 flow and the CCC appl i i  under the 
791 0 flow. 

The reasonable potentbl determination of ucecdsnce of the 
CMC or the CCC was conducted in the sameway asdescribed in 
the industrial exampk. Upstream ambient w&r was used a a 
diluent to assess contributions d i W  from background toxicity; 
therefore. the upstream receivingwaier concen6tion was I* io 
zero. The maximum effluent concentration was again etimated 
by using the statistical approach in Chapter 3. -For the same 
reasons as were expressed In the industrial example, a multiplier 
of 4.7 was used. 

The receiving water concentration for chronic toxicity for corn 
parison with the CZC was calculated using data from Table 7-2: 

whm 
13ch = therrceivingwaterflowat7410 
1.23 ch= themuh effluent flow 
4.7 = thestatistical effluent multiplier 

4 N, = themaximumeffluent concentration. 


The d u e  of the calculated receMng water concentration, 0.8 
TU, u lar thanthechronic water quality standard of 1 .ON, and 
therefore there is no reasonable potential for the CCC to be 
exceeded. 

To calculate the receiving water concentration for acute toxicily, 
the witt ing  authoriiy firrt converted the chronic toxicity data 
into quivaknt acute toxicity units by applying the ACR of 2 
obtained from themonitoring data. The receiving water concen- 
t r a b  for acute toxicity w u  then calculated: 

where 10.1 c h i s  the receiving water flow at 1910,Z is the acute 
to chronic ratio. and the other values are the same as above. The 
calwlatedMIU; 60.5 Nais greater than the criterion of 0.3 TU,, 
Therefore. there is reawnable wtential for the CMC to be ex-
cecded and pennit limitr wek developed for whole effluent 
toxicity. 

W k  for chcmicals and h o l e  effluent toxicity were determined 
using information on the availabk dilution at the edge of the 
mixing zone.The calculation of WLA using the steady-state model 
was dacribed in Section 7.2.4. The WL4s for the POTW using the 
quation discus& in Section 7.2.4 are: 

Toxicity Copper Chlorine Ammonia 
(Tu) (C1911) U ~ l l )  a l l )  

w 4  2.8 197 175 35,860 
WLA, 11.6 147 127 4,979 

7 - M ) L M b  
The m i t  limit devdo~ment process described in Box 5-2, 
~h&ter 5 was app l i i  to all pollutants. This process is identical to 
cha explained in kction 7.2.5 except that (1) the WLA for acute 
t o ~ ~ n e e d s  .to bee m m d  in eauialent chronictoxic unitsbv 

~~~~~ 

multi&ing by the ACR of 2, and (2) da& &npiincif chlorine k 
required in the permit. The calculated LTA and permit limits are: 

Toxicity Copper Chlorine Ammonia 
N c  a l l )  &/I) 01911) 

MDL 5.6 197 175 8,162 
AM1 2.8 91 87 4,067 



7.5.8 	 D # t M d ~ l U # m d - # r m I h M  
uwn 


The treatment technology for POWs is secondary treatment and 
is characterized by effluent limits for biochemical oxygen de- 
mand, total suspended solids, and pH. There are no BAT limits for 
toxiu for POWs, so there was no need to compare these water 
quality-based limits with other limits to determine which were 
more stringent. 

The permitting authority decided to use acute toxicity tests rather 
than chronic tern to measure compliance with the toxlcity efflu- 
ent limits. The appropriate effluent limits in terms of N, were 
calculated by dividing the above calculation for Ncbythe ACR of 
2 that was obtained from effluent monitoring. 

In accordance with NPDES regulations, the effluent limits for 
chemicals were expressed in the permit as mass (pounds per day) 
by multiplying the concentrations above by the effluent flow of 
1.23 ds and the conversion factor of 5.394. Because there is no 
equivalent mass based unit for toxicity, toxicity mass limits are 
impractical under the regulation. 

Toxicity Copper Chlorine Ammonia 
TU, (Ibld) (Ibld) (Ibld) 

MDL 2.8 1.31 1.16 54.2 
AML 1.4 0.64 0.58 27.0 

Permit limits also were developed using a Monte Carlo simulation 
to compare the results to the steady-state permit limits. A Monte 
Carlo si'rnulation was used to aenerate receivina water concentra- 
tions for determining the ap60priate LTA for each of the pollut- 
ants. The methodolwvfor theMonte Carlo simulation is resented 
in Section 7.2.7. Th;;esults for this case are presented 'below. 

MDLs InTU, and pg/l 

Toxicity Copper Chlorine Ammonia 

Monte Carlo 3.9 264 249 9,657 
Steady State 2.8 197 175 8,162 

AMLs inTU, and pg l l  

Toxicity Copper Chlorine Ammonia 

Monte Carlo 2.7 171 170 6,614 
Steady State 1.4 91 87 4,067 

7.4 	 CASE8: MUL~WDISCHAROESlmTHEWE 
mAcli 

Permit development for water quality-based toxiu control has 
been illustrated for Wo single dischargers. This pmess increases 
in complexity in cases of multiple dischargers into a reach. The 
development of permit limits for multiple dischargen is based on 

the degradation in water quality resulting from the combined 
dixhames thedevelopmentof total maximum dailv loads CNDLs) 
for the-& reach b&re generatingWUr. and the allo&tion of 
dixharcrer to each dixharaer. The followinq e x a m ~ k  describes 
the p e h i t  development &us when hvodischdrgen release 
effluent into the same reach of a river. The dischargen are the 
jaybird manufacturing plant described in Case 1 and the Auburn 
P O W  ducribed in Case 2. These faciliies dixharge into the 
Locapunct River, whose flow characteristics previously were de- 
xribed. 

7 41 Efllurwt#bnetnh.dlon 
The major diierences in the effluent characterization for one 
facilitvandfor multiple facilities is to identify those wllutants that 
are common to more than one facility, andto deteimine whether 
the combined dixharqes cause or are likely to cause water quality -	 . . 
standards excursions. 

Step 1: 	 Identify Pollutants of Concern 

Based on the data in Form ZC. the DMRr from the lavbird 
Corporation and the data in the DM& and Section 308 Guest 
horn the Auburn POW. the wrmininq authorih, found Wo 
contaminants common to both discharges: cop6r and whole 
effluent toxicity. Lead and nickel were found to be a ~roblem at 
the Jaybird ~or~oration, but since there were no cdrnplicating 
discharqes from the POW, it was dean with as a pollutant only at 
the me& fin~hing facility. Similarly, chlorine and ammonia $re 
dixharged solely by the POW, so it was not necessary to provide 
effluentlimits for the metal finishing facility for these chemicals. 

Step 2: 	 Determine the CMC and CCC for Pollutants of Con-
cern 

The numerical standards adopted by the State already have been 
presented. The relevant values for copper and whole effluent 
toxicity are: 

CCC CMC 

Copper 17.1 I 25.7 pgll 
Toxicity 1.O TUc 0.3 TU, 

Step 3: 	 Determine Dilution for Aquatic Ufe and Human Health 
Impacts 

Since this example is concerned with potential excursions above 
standards resulting from the coliective dixharge of two discharg. 
en, the calculation of dilution includes the combined effluent flow 
from both facilities. The combined dilution can be characterbed 
by the complete mixing equation: 

C = (CelQel+ Ce2Qe2 + CsQJ/(Qel+ Qe2 + 93 
where 

Q1 and 9e2 = the flows of the two facilities 
C,l and Ce2 = the effluent concentratio~s of the two facilities 

Cs = the upstream receiving water concentration 

Qs = the receiving water flow. 



Step 4: Determine Reasonable Potential for Excursions 

To determine if the CMC or CCC were exceeded asa result of the 
combined discharges into the river, the receiving water concen- 
tration of each pollutant was calculated and compared to the 
appropriate criterion. The receiving water concentration calcula- 
tion was based on the maximum value of the dAuent concentra- 
tions (obtained from fluent data and multiplied by the appropri- 
ate statistical factor), average effluent flows, background receiving 
water concentrations, and-appropriate river fi&. All this info; 
mation has kenpresented previously in the separate examples. 
The following results were obtained: 

Receiving Water 
Criterion Concentration 

@gW @g/i) 

GQQBI 
CCC 
CMC 

CCC 
CMC 

These calcuiations demonstrated exceedances of the copper CCC 
and CMC criteria and the toxicity CMC criterion. Permit limits 
were required. 

7.4.2 	 m m d  mk 
WLAs were calculated to develop permit limits. WLAs for each 
discharger and chemical were based on calculated TMDb, the 
total load to the Locapunct River that would not result in water 
quality standards exceedances. TMDb are comprised of a load 
allocation for nonpoint sources, WLAs for point sources, and, if 
required by the State, a reserve capacity. TMDb are further 
described in Section 4.2, Chapter 4. 

Step 1: CalculateTMDL 

The first step in developing individual WLAs for the two discharg- 
ers was to develop TMDb for each pollutant of concern. TMDb 
were developed in the same way as an individual WLA with the 
total load of a pollutant from the two dischargers being consid- 
ered as a single discharge. 

The calculation of TMDb used the following formula: 

TMDL=WQSx(Qt+Q1) 

where 
WQS = the water Quality standard . . 
Qt = the combined flow -'both effluents 
Q, = the appropriate r t  ilng water flow. 

The acute copper TMDL was calculated by using the data pre- 
sented in the previous twoexamples as: 

TMDL 	= 25.7 pg/i x (0.034 cfs + 1.23 cfs + 10.1 cfs) 
= 292 gg-cfrll 

where 
25.7ggll = theCMC 
0.034 cfs and 
1.23cfs = the average effluent flom 
10.1 = the 1410. 

Similar calculations were made for chronic copper and acute 
toxicity. A TMDL was not calculated for chronic toxicity kcause 
the information presented in Chapter 1 indiites h a t  chronic 
toxicity does not demonstrate additivity. The results are summa- 
rized below. 

Total Maximum Daily Loads 

Chronic Acute 

Copper 619-dsll) 244 292 

Toxicity ma-cfsll) NA 3.4 

Step 2: 	 DevelopWlAs 

The State had adopted an approach into the water quality man- 
agement plan that dexribed how WLAs were to be calculated. 
The approach required that existing upstream concentrations be 
used to determine the load allocation part of the TMDL and that 
10 percent of theTMDL had to be resewed and unavailable for 
allocation. The remainder of the TMDL could be apportioned to 
point sources in the WLA. 

The permining authority decided to allocate the wasteloads based 
on the proportion of the existing load of each parameter that was 
attributed to each of the existing discharges. Based on the 
information shown in Tables 7-1 and 7-2 and the average effluent 
flows, the pollutant loads from each facility are shown below. 

Auburn POT '  laybird Corporation 

Parameter Load Proportion Load Proportion 

Copper
@g-dr/l) 227.6 0.77 66.1 0.23 

Toxicity 
(Na-dr) 1.23 0.90 0.14 0.10 

Individual WlAs were then determined using the following 
equation: 

WLA = W D L  - LA- 10% TMDL) x proportion1Q 

where thechronicTMDL was used to determine the chronic WLA+ 
and the acute TMDL was used to determine the acute WLA for 
each facility. The WLAs for each pollutant and for each facility are 
presented on thefollowing page. 



Acute WLA Chronic WLA 
jaybird 

Copper (ygI1) 134 1,450 98.4 1,063 
Toxicity flua) 2.2 9.0 NA NA 

7.4.3 Pmrln Wnnwwmnt 
Once the W k  had been determined, permit limit development 
proceeded as in the previous examples. LTAs were calculated 
from the W k ,  and the limiting LTA was selected for calculating 
permit limiu. For the metal finiher, where BAT limits were mori 
restrictive than the water quality-based limits, the BAT limits 
applied. For the POW, permit limits for toxic materials were 
required only to prevent exceedances of water quality standards. 
This process is summarized below. 

Step 1: Calculate LTAs 

The LTA was calculated for each discharger and pollutant as 
devr~bedn Step 2, Box 5-2. Chapter 5; the LTk are shown 
below. 

Acute LTA Chronic LTA 

Parameter POW Jaybird POW jaybird 

Copper 01g11) 
Toxic~ty (TUa) 

37.7 
0.71 

361 
2.9 

47.3 
NA 

468 
NA 

Step 2: Determine the Mom Lmiting LTA 

The minimum LTA was uled to cakulate MDLr and AMb. The 
acute LTA was the lower LTA for both pollutants. 

Step 3: Calculate the Maxlmum Dally and Average Monthly 
Umlu 

The MDL and AML were calculated as described in Box 5-2, 
Chapter 5: 

Average Monthly Limit Maximum Daily Limit 

Parameter POW laybird POTW Jaybird 

Copper 01911) 
Toxicily(TJa) 

62 
1.1 

632 
4.5 

134 
2.2 

1.448 
9.0 

Step 4: Express the U m b  

The final step i s  to compare the water quality-based limiu to the 
BAT limits to ensure that the more wrict iw of the Wo are used. 
and to express the copper limits in terms of mas. The copper 
water quality-based limits for laybird Corporation are lower than 
the BAT oms (see Section 7.2.6). Therefore, the water quality- 
based limits are required by the permit. In addition, the limits are 
lower than those calculated when only one of the facilities were 
considered. The final permit limitr are listed below. 

Average Monthly Limit Maximum Daily Limit 

Parameter POW laybird POW Jaybird 

Copper (Ibld) 0.41 0.12 0.89 0.27 
Toxicity (TJa) 1.1 4.5 2.2 9.0 
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set-monitoring report 123 


Compliance problems 53 

Concentration 


flow distance 77 

Continuous Simulation 80 

CORMlXl 76 

Criterion continuous concentration (CCC) 48 

Criterion maximum concentration (CMC) 48,71,85 

Critical conditions 67 

Critical design periods 


estuaries and coastal bays 74 
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rivers and run-of-river reservoirs 73 

lakes, reservoirs 73 


Design periods. SeeCritical design periods 

Designated use 54 

Detection lwei 


minimum level 11 1 

practical quantitation limit 11 2 


Detection levels 11 1 

Determining the need for a limit 


statistical approach 56 
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basic prihciples 93 
Enforcement 125 
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SHEEPWEAD MINNOW (Cyprlnolon mrlenatrrol 

Seven-day Larval Suwlva l  and Growth Test 


Single Laboratory Pmclalon Data 


Table A-1-1. Single laboratory precision of test performed in spawned in natural seawater, using copper as the reference 

40 fathoms artificial seawater, using larvae from fish toxicant [I]. 

maintained and spawned in 40 fathoms artificial seawater, 

using copper as the reference toxicant [I]. Most 


Test NOEC 1% ICm Sensltlve 
Most Number (rng/l) (mgll) (mgll) Endpolnt 

Test NOEC Icx I Sensltlve 1 125 320.3 437.5 S
Number (mgll) (mgll) (mg/l) Endpoint 

2 31 182.3 323.0 C 
1 0.05 0.11 33 0.1523 5 3 125 333.4 483.4 S 
2 -z0.05* 0.0543 0.0975 C 4 125 228.4 343.8 S 
3 4.05' 0.0418 0.0714 C 5 125 437.5 W S 
4 0.05 0.0632 0.0908 S n: 5 5 4 

5 s0.05. 0.0577 0.0998 S Mean: 106.2 300.4 . 396.9 

6 0.05 0.0483 0.1325 C 	 NA 33.0 19.2@I(%):
7 0.05 0.0796 0.1597 C 

No linear IntetpolaUon crtimatc could be calculated from the data, since nom - 8 0.05 0.1235 0.2364 C d Ute gmup rcrponrr mernr w r e  krr than 50 pKent of the control response 
n: 5 8 8 	 men. 

Mean: 0.05 0.0727 0.1 300 NOEC Range: 31 - 125 mgll (this rsprercnb a diffcmncc 01 two cxpown 


CV(%): NA 41.82 40.77 concenlration0. 


.The lowen concrotntion tested war 0.05 mg.11 	
Preparea by Elise T d b .  YIC. Nanylanren. RI, and Mqarete Hchr, EPA 

Warhington, DC, February 1990 (ICp Program, version 1.lb). 


NOlC Range: z0.OY. 0.05 mgll. 

coppr cencentrationr inT~IU 1.6 wn 0.050,0.10, 0.20. 0.40, and 0.80 mgli Table A-1.4.. Single laboratory precision of test performed in 
and Tcrtr 7.8 were 0.025. o.050, 0.10. 0.20. and 0.40 mg11. natural seawater, using larvae from fish maintained and 
prepated by ~breoc. ~errier, TAI. Cincinnati, OH. Ianuary 11. 1990 (1Cp 	 spawned in natural seawater, using sodium dodecyi sulfate 
~mgram, vcnion 1.1 b). 	 (SDS) as the reference toxicant [I]. 

Table A-1-2. Single laboratory precision of test performed in Most 

40 fathoms artificial seawater, using larvae from fish Test NOEC lczr lCSo Sensltlve 

maintained and spawned in 40 fathoms artificial seawater, Number (mgll) (mgll) (mgll) Endpoint 

using sodium dodecyl sulfate (SDS) as the reference toxicant 1 2.5 2.9 3.6 S

Ill. 	 2 1.3 NC1 NC2 C 

8 3 1.3 1.9 2.4 S 

Test NOEC ICa ~CIO Sensitive 4 1.3 2.4 NC2 C 


Number (mgfl) (mg/l) (mgll) Endpoint 


1 	 I 1.0 1 1.2799 1 1.5598 

Mean: 1.5 2.2 2.6 I 


CV(%): NA 27.6 35.3 


NOEC h g c  1.3 .2.5 mgll (this raprcKnU a dinerrnct of one exposum 
concentration). 

6 0.5 1.1041 1.4264 C 'No linear interpobtion estimate cculd be calculated from the drO, rincc none 
n: 	 6 6 6 o f h  gmvp n w n v  munr were ku than 75 prrent of the contml response 

rmrn
Mean: 0.8 1.5456 1.9595 
CV(%): NA 31.44 31.82 2~~ U n u  intcrpolatim estimate could be ulculated from the data. since none 

of the grwp rrrwu means were krr than 50 percent of the contml response 
NolC Range: 0.5 .1.0 mgll (this repnunu 8 d i n m e  of one rrpaun m. 

roncentradon). -red by Elise Todlo. WC, Nawagmwt, RI, and Margame Heber, EP4 m d  

SDS con~mtrationr in TcrU 1-2 were 1.0, 1.9. 3.9, 7.7, and 15.5 mgll and m W.rhingtom, DC, kbmay 1990(Kp Rogcam,m k n  1 lb). 

T ~ S U3.6wn0.20. 0.50.1.o. i.9,md 3.9mp11. 

Pmplred by Flonncc Kcrrlo. TAI. Cincinnati, OH, Ianuay 11. 1990 (ICp 

Program, vsrion 1.1 b). 


Table A.1.3. Single laboratory precision of test performed in 

natural seawater, using larvae from fish maintained and 


http:0.050,0.10
http:3.6wn0.20


-- 

SHEEPSHEAD MINNOW ( ~ r l n o d o n  nrie#atus) 
Sevenday Larval Survlvai and Growth Test 


Interlaboratory Precision Data 


Table A-1-5. Interlaboratoty precision of test using an industrial effluent as 
the reference toxicant [l]. 

Most Sensitive Endpoint 

Test 
Number 

NOEC 
(%I 

Icx 
(%I 

1% 
(96) 

laboratory A 
1 3.2 (S,C) 7.4 (5) 7.4 (C) 
2 3.2 (S,C) 7.6 (5) 14.3 (G) 

Laboratory B 
1 3.2 (5.C) 5.7 (C) 9.7 (C) 
2 3.2 (S,C) 5.7 (C) 8.8 (C) 

Laboratory C 

1 1.O (5) 4.7 (5) 7.2 (5) 
Laboratory D 

1 3.2 (5,G) 7.4 (C) 24.7 (G) 
2 1.O (C) 5.2 (5) 7.2 (5) 

n: 7 7 7 
Mean: 2.6 5.5 11.3 
CV(%): NA 44.2 56.9 

NOEC Range: 1.0. 3.2 prccnt (this npnrens a dlftcrencc of one exposure cancentration). 

Prepred by Elire Tonlio, SAIC, Nanagaostt, Ri, and Margmte Hekr, €PA, and Washington. DC. 
February (iCp Program, version 1.1b). 

SHEEPSHEAD MINNOW (Cyprlnodon varle#atusJ 
Embryo-larval Survival and Teratogenlcity Teat 


Single Laboratory Precision Data 


Table A-1.6. S~ngle laboratory precision of test performed in HW Marinemix 
artif.cia seawater, using embryos from fish maintained and spawned in HW 
Marmemix artificial seawater, sing copper as the reference toxicant [ I ] .  

NOECTest 1 EC, ECs Ecio Ecso 
Number I (11911) (ugli) (ugll). (~911) (ug/i) 

1 I 1 7 3  I 1 8 9  1 1 9 8  1 234 1 240 

6 . . . . <200 
220 

195 203 208 226 220 
n: 4 4 4 4 7 

Mean: 180 194 202 233 234 
CV(%): 6.1 3.8 2.8 2.5 NA 

Data do not lit the Probkt rncdrl. 

NOEC Range: 2W. 240 (thn reprcrentr a dtfterrnce ofhw expawre concentrations). 




Table A-1.7. Single labontoy precision of tnt priormed in HW Marinemix 
annicial seawater, using embryos ftom fish maintained and spawned in HW 
Marinemix artificial seawater, using sodium dodccyl sulfate (SDS) as the-
reference toxicant [l]. 

Test 
Number 

Eci 
(mgll) 

Ecs 
(mgm 

Ecio 
(mgm 

EC, 
(mgfl) 

NOEC 
(wfl) 

1 
2 

1.7 2.0. 2.2. 3.1. 2.0 
4.0 

3 0.4 0.7 0.9 2.5 2.0 
4 1.9 2.2 2.4 3.3 2.0 
5 1.3 1.7 1.9 3.0 2.0 
n: 4 4 4 4 5 

Mean: 1.3 1.6 1.9 2.9 2.4 
a(%): 51.2 41.6 35.0 11.7 N A 

DW do not nt IIW ~ r ~ b i ~model. 

NOEC bge: 2.0- 4.0 L~II (this m-nts dm-•d at rrpaum cmummtion) 

INLAND SILVERSIDE (Manldla k~ I I 11 r )  

a w n - d a y  Larval Suwlval and Qrowth T n t  Single L.bomtoy P ~ i 0 1 0 nData 


Table A-1-8. Single laboratory precision of the Inland Table A-1.9.. Single laboratoy precision of the inland 
silverside (Menldia beryllina) larval survival and growth test silverside (Menidla befyllina) larval survival and growth ten 
performed in natural seawater, using larvae from fish performed in natural seawater, using larvae from fish 
maintained and spawned in natural seawater, using copper as maintrined and spawned in natural seawater, using sodium 
the reference toxicant [I]. dodecyl ruUate (SDS) as the reference toxicant [I]. 

Most Most 
Test NOEC ICY I Scnsitlve Test NOEC ICY Km Sensitive 

Number (ugll) (ugll) (ugll) Endpoint Numbsr (mg/l) (mgll) (mgll) Endpoint 

1 63 96.2 148.6 S 1 1.3 0.3 1.7 5 
2 125 207.2 NC S 2 1.3 1.6 1.9 S 
3 63 218.9 493.4 C 3 1.3 1.5 1.9 S 
4 125 177.5 241.4 S 4 1.3 1.5 1.9 S 
5 31 350.1 479.8 G 5 1.3 1.6 2.2 S 
n: 5 5 4 n: 5 5 5 


Mean: 81.4 209.9 340.8 Mean: 1.3 1.3 1.9 

CV(%): N A 43.7 50.7 CV(%): . NA 43.2 9.4 


NOIfnear interpolation estimate could be ukulatdfmm tk.dam, awe na* W C  Raw: 1.3 mp/l. 

01 the gmup nrponrr means mrc i n r  than 50 pmtd tho CanMImponu mprrdby E l i i  T d b .  S IC,  Narngnun RI. and Maqamte Hekr ,  EPA md
mn. 
 Wnhlngcon, DC,kbruary 19W (ICp Pmgnm, version 1.lb). 

NOEC Range: '31 .I25 vgll (this mpmmua dmmnrr d t*ro upo~urc
concmtntionr). 
&pared by Eliw Torello, UIC, NanqmM. III,a d  Marg.nte Heber, EPA and 
Washington. DC. February 1990 (iCp Pmgnm. vmnbn 1.lb). 



MYSlD (Mys/doprk hh l r )  

Sevendry Survlvrl, Growth, and W u n d l t y  Tost Single 


Labontoy Pmla lon  Data 


Table kl-10. Single laboratory precision of the mysid (Mysidopsis 
Iwhla) survival, growth and fecundity test performed in natural Kawater, 
using juveniles from mysids cultured and maintained in natural 
seawater, using copper as the reference toxicant [I]. 

Test NOEC Kz K- ~ o s tsensitive 
Number (ugll) (ug/l) (ug/l) Endpoint 


1 63 96.1 NC S 

2 125 138.3 175.5 S 

3 125 156.3 187.5 S 

4 125 143.0 179.9 S 

5 125 157.7 200.3 S 

n: 5 5 4 

Mean: 112.6 138.3 1 8 5 2  

a(%): N A  18.0 5.8 


No l1m.r intcrpdatlon enlrnate could bc calcubledhan the da*, since none d thc 
group mponw means mrc leu than SO percent ol the conml mponw mun 

NOEC bnge 63 - 115 ug/1 (this npnwne a dmmnCe d iwo exporun concentrations) 

Prepand by Else Tonlls SNC, Nanagannn. RI, m d  Margante Hebcr, €PA, and 
Warhmgton. DC, F e b ~ a r y1990 (ICp Program, wnlon 1 lb )  

Table A-1-11. Single laboratory precision of the mysid (Mysidopris 
bahio) suwival, growth, and fecundity test performed in natural 
seawater, using juveniles from rnysids cultured and maintained in 
natural seawater, using sodium dodecyl sulfate (SDS) as the reference 
toxicant 111. 

Test NOEC lczr IC, Most Sensitive 

Number (mgll) (mgll) (mgA) Endpoint 


1 I 2.5 I 4.5 1 NC2 I S 


Mean: 3.8 5.7 6.9 
a(%): N A  35.0 47.8 

)No linear intc+tlon trtlmrtc could be ukulrted hanthe data. since none of the 

91wp nr- means wen ituUun 75 percnt of the cmMl mponv man. 


limar intc@atbn n f l m t c  could be ulcubtrd hanthe dlu. since none d the 

gmyp rrrponw mans wn ituthan 50 prccnldthe control -mtm. 


NOEC bw:4 . 3  .5.0 mg/l (lhb rrpnrcnu a dmnnCe d four cxpo%urecontcnmtions) 

Prrplnd by Eliw Tonllo. WC, Nampnxn.  RI, and Margame Hebe,, €PA, m d  
W*rhlngm. DC, Rbmary 1990 (ICp Program, Mokn 1.lb). 



SEA URCHIN ( A M  -kt4 
hrtliiutlon lost Single Loboratory Procislon Dmta 

Table A-1-12. Single laboratory precision of the sea urchin Table A-1-14. Single laboratory precision of the sea urchin 

(Arbocio punctuloto) fertilization test performed in natural (Arbocio punctukrta) fertil i it ion test performed in natunl 
seawater, using ametes from sea urchins maintained and seawater, using gametes from sea urchins maintained and 

spawned in artifgcial seawater (40 Fathoms), using copper spawned in natural seawater, using copper as the reference 

as the reference toxicant [I]. toxicant [I]. 
~~ -

Test NOEC K2s Ic, ~ t s t  NOEC Kzr Kso 

Number (ugll) (ugll) (ugll) Number (ugfl) (ugll) (u011) 


1 5.0 8.92 29.07 1 12.2 14.2 18.4 
2 12.5 26.35 38.96 2 12.2 32.4 50.8 
3 c6.2 11.30 23.93 3 24.4 30.3 46.3 
4 6.2 34.28 61.75 4 c6.1 26.2 34.1 
5 12.5 36.67 75.14 5 6.1 11.2 17.2 

n: 4 5 5 n: 4 5 5 

Mean: 9.0 23.51 45.77 Mean: 13.7 22.8 29.9 

CV(%): NA 54.60 47.87 a(%):NA 41.9 48.2 


NOEC Range: 4.0 .12.5 ugli (this rep-nu a dlnerencc of o m  expsuw NOEC Rmpe: e6.1 .24.4 ugll (this mpreunu a dlflrmccof two exposure 
concentration). conccntratlonl). 

Coppr concentntionl in Test 1 were 2.5, 5.0, 10.0, 20.0, and 40.0 ugfl md in Prrpned by Eke TO*, SAC, NM~MYU, Ri. and Mlrp.rrtc Mk,EPA and 
Trru2.5mre6.25. 12.5, 25.0, S0.0,and 100.0 ugll. Washington, DC. February 1990 (ICp Pmgnm, noton 1.lb). 

Prepared by Fiorcnrc Kesslrr, TAI, Cincinnati, OH, January 11. 1990 IICp 
Program, veoion 1.lb). 

Table A-1-13. Single laboratory precision of the sea urchin Table A-1-15, Single laboratory precision of the sea urchin 
(~rbocio punctuloto) fertilization test performed in natural (Arbocia punctuloto) fertilization test performed in natural 
seawater, using ganietes from sea urchins maintained and seawater, using gametes from sea urchins maintained and 

spawned in artificial seawater (40 Fathoms), using sodium spawned in natural seawater, using sodium dodecyl sulfate 
dodecyl sulfate (SDS) as the reference toxicant [I]. (SDS) as the reference toxicant [I]. 

Test NOEC lcrr Icw, Test NOEC ICa lcso 

Number (mgtl) (mg/l) (mgll) Number (ug/l) (~11) (ugll) 


1 <0.9 1.11 1.76 1 1.8 2.3 2.7 
2 0.9 1.27 1.79 2 1.8 3.9 5.1 
3 1 .8 2.26 2.87 3 1 .8 2.3 2.9 
4 0.9 1.90 2.69 4 0.9 2.1 2.6 
5 1.8 2.11 2.78 5 1.8 2.3 2.7 
n: 4 5 5 n: 5 5 5 


Mean: 1.4 1.73 2.38 Mean: 1.6 2.58 3.2 

CV(%): NA 29.7 23.3 a'(%): NA 28.7 33.3 


NofC Range. 1.2 - 3.3 mgA (this nprrKnts a dlfkrrncc of one exporun 

roncentration). 


SDS on cent rations for a11 tesu were 0.9, 1.8. 3.6. 1.2. and 14.4 mgll. Prepand by Eiirr Torclh SAIC. Nanap.nwnRi, and Mmrgarrte Hebcr. EPA. and 
Washington, DC, Febmsy 1990 (iCp Pmgnm, m i o n  1.lb).

Preplad by Fiormce Knrlcr. TAI, Cincinnati. OH, Ianuary 11. 1990 IiCp 
Program, wnlon 1 .lb). 

http:Trru2.5mre6.25


RED MACROM6AE (Champla pml) 

Reproduction Tert Singla Labomtory Precirlon Data 


Table A-1-16, Single laboratory precision of the red Table A-1-17. Single laboratory precision of the red 
macroalga (Champla porvula) reproduction test performed in macroalga (Champioporwh) reproduction test performed in 
50150 natural seawater and CP-2 artificial seawater. Copper is 50150 natural seawater and CP-2 artificial seawater. Sodium 
the reference toxicant [I]. dodecyi sulfate (SDS) is the reference toxicant [I](personal 

communication with C. Thursby, SAlC, Narragansett, RI). 
Test NOEC Kn Kso 

I 

Number 

1 

(ug/l) 
1.O 

(ugfl) 
1.67 

UP/^) 
2.35 

Test 
Number 

NOEC 
(mg/l) 

Kn 
(mgll) 

lcSo 
(mSn) 

1 
3 

1.O 
1.O 

1.SO 
0.69 

1.99 
1.53 

1 
2 

c0.80 
0.48 

0.6 
0.7 

0.3 
0.6 

I 
I 

4 
5 

1.O 
0.5 

0.98 
0.38 

1.78 
0.76 

3 
4 

cO.48 
~0 .48  

0.4 
0.2 

0.2 
0.4 

6 0.5 0.38 0.75 5 0.26 0.2 0.5 

n: 6 - 6 6 6 0.09 0.1 0.3 

Mean: 0.83 0.93 1.5 7 0.16 0.2 0.3 

NOEC R q l :  0.5 - 1.0 ugll (thlr repremu I diflerrncc 
i>nccntration). 

CV(%): , NA 59.6 

of one exposum 

43.7 8 
9 
n: 

0.09 
c0.29 
5 

0.1 
0.3 
9 

0.2 
0.4 
9 

Ocrpond by Liirc Torello, SNC, NamaganKtl. RI, and MargarcteHckr. EPh and 
Washington. DC, February 1990 (iCp Pmgnm, version 1.lb). 

Mean: 
CV(%): 

0.22 
NA 

0.31 
69.0 

0.36 
37.0 

NOEC Range: 0.09.0.48 mgll (this npnsmr  a dMkma  01 im,cxpown 
concentrations). 

P n p d  by Eli* Tonllo, SNC, Nmlganstt, RI, and Mwgarrtc Hckr, EPh and 
Washington, DC, kbruay 1990 (ICp Rognm, n o b n  1.lb). 

Table A-1-18. Single laboratory precision testing of the red macroai a (Champio porvula) reproduction test in natural seawater (30 
salinity). The reference toxicants used were copper suifate ( C U J , ~  and sodium dodecyi suifate ( s D s ) ~ , ~  [7]. 

Cu (ugll) SDS (mgll) 

'/,, 

Test NOEC Icx K m  NOEC 1% Icm 
1 1.OO 2.62 4.02 0.60 0.05 0.50 
2 0.50 0.71 1.66 0.60 0.48 0.81 
3 0.50 2.83 3.55 0.30 0.69 0.89 
4 0.50 0.99 4.15 0.15 0.60 0.81 
n: 4 4 4 4. 4 4 

Mean: 0.63 1.79 .. 3.35 0.41 0.46 0.75 .. 
CV(%): NA 61.09 34.45 NA 62.29 22.92 

'~oppcr emcentrations were 0.5, 1.0, 2.5, 5.0, 7.5, and 10 ugll. ConcenvaUonr of Cu wen mldt  Ifom a 100 uglml CuSO, standard obtllned horn inorganic Venturn, 
In<.. 0riQ NI. 

2*1i tests w m ~ondwtedat 23 = 1°C in natural seawater 4 t h  imdilnce s t  at 40 ul/m21r 

~ S D S  0.60, and 1.20 mpll. Concmtrrtbnr d SDS rae made hwn a 44.64 3 3.33 mglml R.nd.rd obtl ind horn U.S. EPA.conccntntlonr wen 0.0375. 0.075. 0.15.0.30, 

EMS1 Cincinnati. OH. 


Prepared by Steven H. Ward and Glen Thursby, EPh NanaganMf III (ICp Pmgnm, vcnim 1.lb). 







- -- 

FATHEAD MllWOW (PiRWphifIbS p10RWIrr) 

Sevenday Larval Suwlval and GIowlh Test and 

Embryo-larval Suwlval and Teratogeniclty TeSt 


Slngle Laboratory P m l s l o n  Data 


Table A-1-19. Single laboratory precision of the fathead 
ininnow (Pimephales pmmelas) embryalawal suwlval and 
teratogenicity test performed in using Diquat as the reference 
toxicant [2]. 

Test LC1 
Number (m91l) 

1 0.58 
2 2.31 
3 1.50 
4 1.71 
5 1.43 
n: 5 

Mean: 1.51 
CV(%): 41.3 

Table A-1-20. Single laboratory precision of the fathead 
minnow (Pimephales pmmelas) embryo-lawal survival and 
teratogenicity test performed in using cadmium chloride as the 
reference toxicant [2]. 

Test LC1 NOEC 
Number (mgflt (mgll) 

1 0.014 0.012 
2 0.006 0.012 
3 0.005 0.01 3 
4 0.003 0.01 1 
5 0.006 0.012 
n: 5 5 

Mean: 0.0068 0.01 2 
a'(%): 62 NA 

NOtC Rmge: 0.011 - 0.01 3 mgll (this npnlmU1 d'fircncc of'orw expaurn
roncentntion). 



FATHEAD Mlllow ( P l ~ p b I e spmm1.r) 
8.van-day Lam1 Survival and Orowth T n t  

Slngla Labomtory Pnclsion Data 

Table A-1-23. Single laboratory precision of the fathead 
minnow (Pirnepholes pmrnelas) larval suwlval and growth test 
performed in using NAPCP as the reference toxicant [Zl. 

Test NOEC* 
Number (ugm 

1 256 
2 128 
3 256 
4 128 
5 128 
n: 5 

Mean: 179.2 
CV(%): NA 

.RIW d r a  unavailable. IQs m d  ICsp values could not be o k u l a t d  

NOEC hnge: 128 - 256 ug/~ (this k p n ~ n b  a difierence of one exposure 
concentration). 

Table A-1-22. Results of the performance evaluation for contract laboratories conducted for the California Regional Water Quality 
Control Board. All tests were conducted using potassium chromate (expressed as ~ r + ~ )  and testing the fathead minnow (Pimephales 
promelor) in the 7-day subchronic tests [3]. 

I 
Lab I 
1 1 
2 

4 
5 

8 
9 
10 , 

Mean: 
CV (%): ! 

Water 

Tap1 
MHRW 

MHRW 
MHRW 
MHRW 
well7 
MHRW 
MHRW 

Food 

2% 
2% 

3X 
-6 
3X 
3X 
2% 
3X 
3X 

Age 

3 4  
J 4  
524 
J 4  
3 4  

yJ4 
3 4  
J 4  
J 4  
J 4  

X Control 
Weight 

0.590 
0.623 
0.274~ 
0.670 
0.773 
0.635 
0.390 
0.346 
0.41 5 
0.255 

Ctrl. 
n 

3 
32 
4 
2 
4 
2 
3 
5 
4 
2 

Icz(a)4 
(mgll as Cr ) 

3.7 (2.3-4.7) 
1 A3 (1.4-2.0) 
2.z3 (1.7-3.1) 
4.1 (2.3-5.0) 
1.33 (1.2-1.5) . 

7.1 (2.0-8.2) 
4.5 (3.5-5.4) 
2.s3 (1.9-3.3) 
6.6 (5.3-7.6) 
4.6 (4.1-5.9) 
5.1 

27 

' 

NOEC 
Endpoint 

3 C 
<3 C 
<3 C 
6 C 

<3 C 
6 C 
3 C 

<3 G 
6G 
3 G 

I& 
(mgll as Cr ) 

5.4 (4.5-8.3) 
3.3 (2.8-4.0) 
4.7 (3.9-5.6) 
6.6 (5.0-8.4) 
.63 (2.5-3.3) 

9.9 (8.5-1 1) 
7.4 (6.6-8.1) 
8.1 (6.4-15) 
9.2 (8.4-10) 
7.a8 (5.2-12) 
6.9 

31 

-

Moderately hard U p  w(to. 

control with three replicates and all ronccntralionr with two replicaer. 

Value is cxmpolaed and ir not Included in c&rient of variation ~ahuiation. 

Weight measu~menU made wlM questlonab!+ Iechnlqwr. 

5 m h ~ o r i n a t d  LDLC Ontario u p  wate,. 

Not RpOltd. 

'well water mixed with spring wter, moderately hard. 

Value may be skewed as middle conrenttation had 45 percent survival but no WighU reporid. 



Seven-day h n a l  Sunival m d  Browth Tesl 
Intarlaboratory Preclslon Data 

Table A-3-23. lnterlaboratory precision data of the fathead minnow (Pimephoks pmmelos) 7day larval survival and growth test. 
Combined frequency distribution for survival NOECs for all participating laboratories 121. 

NOEC Frquency (96) Dlstributlon 

Tests wlth 2 Reps Tests with 4 Reps 

Sample Median N a )  >2(b) Medlan + l(a) >2(b) 
Sodium Pentachlorophenate ' 35 53 12 57 29 14 
Sodium Pentachlorophenate 42 42 16 56 44 0 
Potassium Dichromate ' 47 47 6 75 25 0 
Potassium Dichromate ' 41 41 18 50 50 0 
Refinery Effluent 301 26 68 6 78 22 0 
Refinery Effluent 401 37 53 10 56 44 0 
Utility Waste 501 56 33 11 56 33 11 

Peacnt o i  values with one concentntbn ln tc~als  01 the median. 

'Percent 01 values within two or more conccntntlons intervals of the median. 

Table A-1-24. lnterlaboratory precision data of the fathead minnow (Pimephales pmrnelos) 7-day larval surbival and growth test. 
Combined frequency distribution for weight NOECs for all participating laboratories 121. 

I I NOEC Freauencv [%) Dlstrlbutlon I 

Sodium Pentachloro~henate '
Sample 

Sodium pentachlorobhenate ' 
Potassium Dichromate ' 
Potassium Dichrornate ' 

I 59 
Median 

37 
35 
12 

1 41 1 

Tests with 2 Reps

I ?I(.) I 
63 
47 
47 

0 
>2(b) 

0 
18 
41 

I 
I 

57 1 4 3 

Tests with 4 Reps 

Median I i l ( a )  I 
22 
88 
63 

45 
0 

25 

1 0 
>2(b) 

33 
12 
12 

1 

Refinery Effluent 301 35 53 12 75 25 0 
Refinery Effluent 401 37 47 16 33 56 11 
Utility Waste 501 11 61 28 33 56 11 

Percent of va(ucr wlth one concentration in t rmi r  of the m r d m  


'Percent of valuer wlthln two or more concentrations intervals of the median. 




- - - ~ - ~ ~~~ .~ . 
Wven-day Reproduction Ts.1 


Single Laboratory Pmirion Data 


Table A-1-25. Single laboratoly p,recision of (Cericdophnlo dubio) 
npmductlon test performed in usmg Iodium pmtachlorophenol as 
the rderence toxicant 121. 

Test Number NOEC 
cmsm IC2s 

(mgll) 
lCSO 

cmgm 

19 0.30 0.3754 0.4508 
46A 0.20 0.0938 0.2608 
4611 0.20 0.221 3 0.2897 
49 0.20 0.2303 0.2912 
55 0.20 0.2306 0.3177 
56 0.10 0.1 345 0.1 744 
57 0.20 0.2241 0.2827 

n: 7 7 7 
Mean: 0.20 0.2157 0.2953 

CV(%): NA 41.1 27.9 

NOEC Rmge: 0.25 - 0.30 mgll (these vaiuer ail fell within the same 

contentratlon range).

Prepared by Flwcncc Kcnler, TAI. Cincinnati. OH, lanuary 11. 1990 (ICp

Program. version 1.lb). 


Table A-1-26. Single laboratory recision, from six discrete laboratories, of the (Ceriodophnio dubio) reproduction test performed using sodium 
chloride (NaCI) as the reference gxlcant. Tests were conducted in  1989 141. 

LaboratoryLaboratory 
NOEC 
(mgil) 

Test 
Number 

lc25 
(mpll) 

lc50 
(mgll) 

Test 
Number 

NOEC 
(mg/l) 

Ic25 
(mgll) 

lc50 
(mgll) 

DA 0.50"1 0.61 0.77 1 0.50" 0.58 0.84 
1.00~2 1 .00 1.34 2 0.25" 0.30 0.60 
1.wR3 0.81 1.32 3 1 .00~  0.84 1.22 
1.00"4 0.67 1.28 4 1.00~ 1 .04 1.38 
1.00"5 1.19 1.47 5 1.00~ 1.04 1.37 
0.50"6 1.06 1.38 6 0.50~ 0.76 1.14 

n:n: 6 6 6 6 6 6 
Mean:Mean: 0.83 0.89 1.26 0.71 0.76 1 .08 

CV(%):CV(%): 1 NA 25.83 19.73 NA 37.55 28.56 

EB 1.0OR1 1.28 1.63 1 1 .00~  0.44 0.74 
1.0052 1.01 1.51 2 1.00~ 1.04 1.37 
0.50~3 0.69 0.88 3 1.00~ . 1.06 1.37 
0.50~4. 0.81 1.16 4 1.00~ 1.13 1.42 
1.00~5 1.31 1 .84 5 1.XIs 1.13 1.42 
1 .00" 6 1.12 1.57 6 l.w5 1.19 1.46 

n:n: 6 6 6 6 6 6 
Mean:Mean: 0.83 1.04 1 A3 1 .W 1.00 1.30 
CV(%):CV(%): NA 24.1 1 24.37 NA 27.96 21.20 

FC 1.00~1 1.23 1.49 1 0.50" 0.61 1.13 
0.50~2 0.46 1.02 2 0.50~ 0.63 1.20 
1 .0OS 3 1.25 1 .SO 3 0.50~ 0.66 0.83 
0.50~4 1.13 1.44 4 0.50~ 0.65 0 81 
1 .0Os 5 1.22 1.49 5 0.50" .0.74 1.04 

' 1 .00~6 1.21 1.51 6 0.50~ 0.50 0.73 
n:6 6 6 6 6 6 

Mem:0.83Mean: 1.13 1.41 0.50 0.63 0.95 
CV(%):NA 16.54 13.62 NA 12.40 19.32 

R - Reproductionwar the mon lenritive endpoint. 
' 5 - Surv~valwas the most sensitive endpoint. 

Prepared by William Pdtier, €PA. Region iV. Novemkr 28. 1990 (ICp Program. version 1.lb). 



- - ----- 

CERIODAPHMIA (GtwiodapbnIa dubid 
Seven-day Larval Reproduction Teat Interlabomtory Pmlaion Data 

Table A-1-27. lnterlaboratory precision of (Ccriodaphnia dubio) TTlle A-1-26 lnterlaboratory p'recision of (Ccriodo hnia dubia) 
reproduction test, using sodium chloride (NaCI) as the reproduction test, using an industrial effluent as tge reference 
reference toxicant. The single lab precision data are presented toxicant and sodium chloride (NaCl) as a reference toxicant. 
in the preceding table (41. Test5 were conducted in May 1987 [3]. 

~ ~ ~ ~~~ ~ 

NOEC Icn ICW Effluent Reference Toxlcant 
Laboratory 

A 
B 
C 
D 
E 
F 
n: 

Mean: 
CV(%): 

(mg/l) 
0.83 
0.83 
0.83 
0.71 
1.OO 
0.50 
6 
0.80 

NA 

(mg/l) 
0.89 
1.04 
1.13 
0.76 
1.00 
0.63 
6 
0.91 

20.53 

(mg/l) 
1.26 
1.43 
1.41 
1.09 
1.30 
0.95 
6 
1.24 

15.17 

Lab 

A 
B 
D 
E 
F 
I 
K 
M 
N 

ICw(%) 
6.20 
8.40 
7.69 
6.34 
4.00 
2.84 
6.89 
5.70 
7.43 

Kzr(%) 
4.9 
6.2 
5.8 
5.0 
1.2 
1.9 
5.3 
1.9 
5.9 

Km(%)I 
33.0 
38.8 
36.3 
36.6. 

. 8.1 
35.1 
18.4 
38.1 
27.8 

KB(%) 
21.8 
30.8 
29.4 
28.0 

111. 
25.2 
13.2 
31.O 
10.4 

Prepared by William Peltier, EPA, Region IV, November 28, 
1990 (ICp Program, version 1 .lb). 

0 
n: 

0.04' 
9 

0.02. 
9 

35.1 
9 

27.3 
9 

Mean: 6.1 7 3.4 32.8 24.1 
CV(%): 29 67 21 31 

'valuer w m  excluded from mean caicubtions bcciux they fell wu!de o f t  2 
sundard deviations, for this reaton, there valuer arc consided suti$tical 
outliers and, according to EPA's toridty methods guidance 121 on rrterencc 
t o a i ~ n t~ontntmt cham. are exdud~d. 

Table A.1-29. Results of the performance evaluation for contract laboratories conducted for the California Regional Water Quality 
Control Board. Ail tests were conducted using sodium chloride and testing Ceriodophnia dubio in the 7day chronic 
tests 131. 

X Young/ )Err (CO NOEC 
Lab I water Food Age Control (g/l NaCI) Endpt 
1 Tap1 YCT/Algae 04;<24 1 7.80.202 (0.14-0.35) <0.25 R ' 
2 Hardw3 TFIAlgae W 26.51.3 (0.78-1.7) 1.0R 
3 DM@ YCTlAlgae 0-6 24.90.212 (0.1 7-0.54) e0.25 R 
4 ~a~~ YCT 0 4  17.20.49 (0.35-1 .O) 0.5 R 
5 HRW YCT 0-4;<24 19.80.42 (0.20-1.1) 0.5 R 
6 surface6 YCTlAlgae ' 0-6 14.80.90 (0.66.1 . l )  0.25 R 
7 MHRW YCTlAlgae 4-8 17.20.56 (0.24-0.64) 0.25 R 
8 MHRW YCT <24 1 6.80.212 (0.1 1-0.32) 0.25 R 
9 MHRW YCT W 12.80.71 (0.56.0.81) 0.50 R 
10 DM+ YATIAlgae 0-4 31.50.91 (0.45-1.1) 1.0 R 

Mean: 0.76 
a'(%): 40 

' ~ d e r a t c ~ yhard u p  water. MHRW r MDdcntcly hard nconmted  water 
2 OOK ICIPOIII~CYWL limited HRW - Hard nconrtlwted baler 
3 ~ a r dm t l  water. W - Well waur 

VCT - Yeast.cmph+Tmut chow 
VAT IVeas8.IltaHa.Tr0ut chow 

O Brionn rewwoir water. lT = TmYt food wspensim 
R - Reproductive endpoint Algae - Iekwstrum roprirwnufum 



CERlWArrmM (krlodrphnlr dubir) (oontlnuctd) 
8mn-day Urn1Roprodudlon T u t  Interkbomtoy Pnclrlon Data 

Table A-1-30. Interlabontory precision data for Cericdaphnia dubia summarized for 
eight materkls, lncludlng reference toxicants and effluents [5]. 

Test Mean Mean 
Material Klo CV% K21 CV% 

1 Sodium chloride 1.34 29.9 1.W 34.3 
2 Industrial 3.6 83.3 3.2 78.1 
3 Sodium chloride 0.96 57.4 0.90 44.4 
4 Pulp h Paper 60.0 28.3 47.3 27.0 
5 Potassium dlchmmate 35.8 30.8 23.4 32.7 
6 Pulp & Paper 70.2 7.5 55.7 12.2 
7 Potassium dichromate 53.2 25.9 29.3 46.8 
8 industrial 69.8 37.0 67.3 36.7 
n: 8 8 

Mean: 37.5 39.0 
Standard Devlrtlon: . 23.0 19.1 

SELENASTRUM CAPRICORNUTUM 

Growth Tert 


Slngle Labontory Pmclrlon Data 


Table A-1-31. Single laboratory precision of (~eienartrurn 
capticornuturn) gmwth test performed in using cadmium as 
the reference toxicant [2]. 

Test 
Number 

ECso
@n) 

Control Variation 
(W 

1 2.3 4.8 
2 2.4 9.6 
3 2.3 5.5 
4 2.8 13.3 
5 2.6 4.4 
6 2.1 8.2 
7 2.1 14.4 
8 2.1 7.1 
9 2.6 11.9 
10 2.4 5.0 
11 2.7 36.4' 
12 2.4 77.8' 

n-10 . 
Mean: 2.37 8.42 
a'(%): 10.2 44.1 

.OuUln v a h  we u c W  hwn m a n  bcuuv Uny fell oulridt ol a QA 
cenwol Ub(.tor Umc rr(nnce toilunu. 

NOWSodium Q W  ~oncmMlonsm1.2. 4, 8, and 16 g/l In dl wsu. 
Fmpdby Dr. CDnulivsW&r, WA Cincinau~,OH, M.mh 1% 1991. 







- -- 

Table A-2.1. Percent mortality in 100 percent collected 1989 Table A-2-3. LCsos for a POTW effluent over 7 months. All 
by grab method (personal communication W. Peitier, €PA, tests were conducted using Ceriodophnio dubio and tests were 
Athens, GA). Results Indicate variability over 24 hours and run for 48 hours. All tests wen conducted according to the 
differences in species sensitivity over time. Tests were methods described in Reference 6. Dates with roman numeral 
conducted according to methods &scribed in Reference 6. notation mean that more than one sample was collected at 

different times over a short interval (1 to 2 days). (Data 
% Mortality In 100% EfRuent source: [a].) 

Date Time P. promelas 0. pulex C, dublo Sample Date 48 hours LC- (96) 
3/07/89 
3107189 
3/08/89 

1230 
1830 
0030 

0 
0 
0 

15 
85 
65 

100 
100 
100 

10106187-1 
10106187-11 
10106187-111 

71 
71 
71 

3/08/89 
3120189 
3120189 
3/21/89 
3/21/89 
6/19/89 
6/19/89 
6120189 
6120189 
7/25/89 
7/25/89 
7/26/89 
7/26/89 

0630 
1230 
1830 
0030 
0630 
1230 
1830 
0030 
0630 
1230 
1830 
0030 
0630 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

30 
0 

100 
95 
70 
5 

40 
100 
100 

0 
100 
100 

55 

80 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

10130187-1 
12103187-1 
12103187-11 
01 11 2188-1 
01 I1  3188-1 
02103188-iX 
02103188-X 
03103188-111 
03103188-1V 
03123188-1 
03123188-11 
04128188-1 
04128188-11 

87 
61 
35 
61 
58 
50 
50 
87 
81 
25 
35 
50 
55 

0511 7188-1 61 

Table A-2-2. LClos for a POW effluent over 17 months. All 0511 7/86-11 35 
tests were conducted using Ceriodophnio dubia and tests were 
run for 48 hours. All tests were conducted according to the 
methods described in Reference 6. Dates with roman, numeral 
notation mean that more than one sample was coltected at 
different times over a short interval (1 to 2 days). (Data 

Mean LC- 
CV (%): 
n: 

: 58.0 
31.4 
18 -

source: [El.) 

Sample Date 48 hours LCso (%) 

08123186-1 71 
03109187-1 71 
05102187-1 35 
05103187-1 65 
05104187-1 71 
05123187-1 71 
05123187-11 71 
05/23/87-111 61 
06127187-1 36 
06127187.11 41 
06h7187-lll 18 
09122187-1 71 
12118187-1 87 
01105188-1 68 
01 105188-11 63 

Mean LCso : 60.0 
CV (%): 31.1 
n: 15 



Table A-2-4. LCSOSfor a P O W  effluent over 12 months. 
Tests were conducted using either Cerlodophnio dublo or 
fathead mlnnom or both. Ceddophnio tntr wen conducted 
for 48 hours whlle fathead minnow testswere 96 hwn. Both 
the 48-hour and 96-hour fathead minnow resub a n  shewn in 
order to evaluate how the LCs@ for the two specks compare. 
All tests were conducted according to the methods described 
in Reference 6. Dates wlth roman numeral notation mean that 
more than one sample was collected at dMennt times over a 
short interval (1 to 2 days). (Data source: [a].) 

LCa (%) 

Sample Date C.dublo P. promdas 
48 hours 48 houn %hours 

03116188-1 62 35 25 
06109188-1 18 - -
09108188-1 68 >I00 >lo? 
10104188-1 61 -. -
10104188-11 63 -. -
1211 4/88.! 70 58 34 
12114188-11 17 60 41 
0211 7189-1 35 61 39 
0211 7/89-11 35 61 37 
03122189-1 35 81 64 
03122189-11 47 61 40 
Mean LCm: 46 59.6 40.0 
CV (%): 42 22.4 29.7 
n: 11 7 7 

Data not available. 


Note: Greater than (>)value$ ~ c r rcxcludd hom the m a n  LC50 ulruhlm. 


Table A-2-5. LCsos for a POTW effluent over 4 months. 
Tesu were conducted using either Ceriodophnia dubio or 
fathead m i n w  or both. Ceriodophnia tests were conducted 
for 48 houn while fathead minnow tests were 96 hours. Both 
the .(&hour and 96hour fathead mlnnow results a n  shown in 
order to evaluate how the LCsos for the two species compare. 
rJI tests wen conducted according to the methods described 
in Reference 6. Dates with mman numeral notation mean that 
more than one sample war collected at different times over a 
short interval (1 to 2 days). (Data source: [a].) 

48 hours 48 hours %hours 

2.1 >1w 77 
92 67 37 
61 >lo0 100 

>I00 >loo 33 
95 >loo >I00 

100 87 54 
>lo0 87 53 

90 >loo 77 
87 85 51 
75 
61 

58 
41 

-
-. 

100 88 68 
87 84 69 

>I00 87 €4 
95 8.5 56 

1 % 70 60 
01/31 189-11 63 70 60 
Mean: 78.4 75.8 61.3 
CV (%): 33.1 19.6 27.7 
n: 14 12 14 

.NM obuncd. 


Note GRI1e1 Umn (>) r l v a  were not induw in the mun LC50 calculation. 




Table A-2.6. NOECs for a P O W  effluent conducted 20 timer 
over 1 year. All testc were conducted using Champin powuln 
according to methods described In Reference 1. All effluent 
samples were 24-hour composites collected post-chlorinatlon. 
(personnal communlcatlon-Glen Thursby, SAIC, 
Narragansett, RI). 

r 
% Emuent 

Test Date lC25 ICY, NOEC 

12/09/85 0.65 1.23 1.25 
1211 0185 0.38 0.76 1.25 
12/11/85 0.69 1 .SO 2.50 
12/12/85 0.41 0.82 1.25 
12/13/85 3.09 4.12 5.00 
1211 5/85 2.16 4.09 5.00 
0711 6/86 2.99 4.33 5.00 
0711 7/86 3.59 4.68 5.00 
07/18/86 .44 4.76 5.00 
0711 9/86 .47 3.41 5.00 
07/20/86 .24 3.98 7.50 
07/21 186 .ll 3.20 5.00 
07/22/86 .84 5.19 5.00 
9/09/86 .07 3.02 2.50 
09/10/86 .17 4.13 7.50 
0911 1 186 .73 3.62 7.50 
0911 2/86 .57 1.89 1.25 
09/14/86 .25 1.76 2.50 
n: 18 18 18 
Mean: 2.2 3.1 4.2 
CV (46): 52.8 46.8 N A 

Table A-2-8. NOECs for a P O W  effluent over 1 year. All 
tests used Mysidopsis bohb according to methods described in 
Reference 1. All effluent samples were 24-hour composites 
collected post-chlorination. (Data source: ERL-Narragansett, 
RI.) 

% Effluent 

l a s t  Date I& It& NOEC 

12/09 - 1211 6/85 1.78(G) 2.93(C) 1.O 
0711 6 - 07123186 2.75(R) 6.3(5) 3.2 
09/09 - 0911 6/86 0.69(R) 20.1(5) 10.0 
11/11 - 11/18/86 0.66(R) 0.99(R) 3.2 
Mean: 1.47 7.58 4.4 
CV (%): 68.0 11 3.8 N A 
n: 4 4 4 

R.R~pr~ductIv~endpoint 

S.Surviva1 endpoint 

C-Grwh cndpolnt 

Table A-2-7. NOECs for a P O W  effluent over 1 year. All 
tests used Mwcio punctuloto according to methods described 
In Reference 1. All dnuent sampks were 24-hour composites 
collected post-chlorination. (Data source: ERL-Narragansett, 
RI.) 

% Effluent 
Test Date Kzr Kso NOEC 

12/09/85 1.09 1.71 0.65 
12/10/85 1.41 2.84 0.65 
1211 1/85 0.75 1.09 0.65 
1211 2/85 3.28 4.06 1.30 
1211 3/85 2.65 5.32 2.50 
12/14/85 1.11 1.60 0.65 
12/15/85 1.29 1.84 0.65 
0711 6/86 0.1 7 0.35 c0.30 
0711 7/86 0.21 0.46 c0.30 
0711 8/86 0.63 0.86 <0.30 
0711 9/86 1.09 1.68 c0.30 
07/20/86 0.54 1.13 <0.30 
07/21/86 0.40 0.58 e0.30 
07/22\86 0.40 0.56 <0.30 
09/09/86 0.31 0.41 c0.30 
0911 1/86 0.47 0.79 c0.60 
0911 2/86 0.21 0.48 c0.20 
0911 3/86 3.30 5.42 1.30 
09/14/86 0.23 0.35 c0.20 
09/15/86 0.10 0.15 c0.20 
11/11/86 0.27 0.54 1.30 
1111 3/86 0.88 1.48 0.30 
11/14/86 0.82 1.61 0.60 
1111 5/86 0.34 0.56 cO.30 
Mean: 0.91 1.49 0.95 
CV (%): 101.3 96.9 NA 
n: 24 24 11 

Note: Lcrr than I<)value wrc  excluded from 01and mean NOEC calculations. 



Table A-2-9. NOECs for a POTW effluent over 1 year. All Table A.2-11. LC~OSfor a refinery effluent conducted over 6 
tests used Menldlo berylllno according to methods descrlbcd months using fathead minnows (Plmepholes promelos), 
in Reference1. All effluent wmples were 24-hour composites Ceriodophnio dubia, and mysids (Mysidopsis bohlir). according
collected post-chlorination. (Data source: ERL-Narragansett, to methods described in Reference 6. (Data source: Dorn, 
RI.) 1989.) 

% Effluent 
Test Date 

12/09 .12116/85 
07116 - 07/23/86 21.O 
09/09 - 09/16/86 14.2 10.0 

NC - Value 1s n a  ulculabk 

11/11 - 11/18/86 
Mean: 
CV (%): 
n: 

Test Date 

1/24/86 
2/26/86 
3/05/86 
3112/86 
3119/86 
4/02/86 
4/09/86 
4117/86 
4/23/86 
5114/86 
5/28/86 
6111/86 
Mean NOEC: 
CV (%): 
n: 

Nt 
14.9 
4.3 
3 

03123189-111 
n: 

O ~ Unot ivai~abie. 

Note: Less than valuer rrcludcd horn m a n  LCJO dculrtims. 

Table A-2-10. LC~OSfor a refinery effluent over 14 months. 
Tests were conducted using either Ceriodophnio dubio or 
fathead minnows Pimepholes pmmelos or both. Ceriodophnio 
tests were conducted for 48 hours while fathead minnow tests 
were 96 hours. Both the 48-hour and 9t-hour fathead minnow 
results are shown in order to evaluate how the LC5os for the 
two species compare. All tests were conducted according to 
the methods described in Reference 6. Dates with roman 
numeral notation mean that more than one sample was 
collected at different times over a short interval (1 to 2 Table A-2-12. NOECs for a refinery effluent conducted over 6 
days). (Data source: [a].) months using fathead minnows (Pimepholer promelos), 

LC% 
(% Effluent) 

Nt 
20.8 

3.0 
3 

10.0 
10.0 

NA 
4 

Ceriodophnio dubio, and mysids (Mysidopsis bohio), according 
to methods described in References 1 and 2. (Data source: 
Dorn, 1989.)

Sample Date 

12/01/87 
01/05/88 
02/09/88-1 
02/09/88-1 
03/02/88-1 
03/02/88-11 
03124188-1 
05/06/88-1 
07/14/88-i 
07128188-1 
07128188-11 
09/29/88-1 
12/01188-1 
12107188-1 
01/27/89-1 
01127189-11 

Test Date 

1/24/86 
2/26/86 
3/05/86 
3112/86 
3/19/86 
4/02/86 
4/09/86 
4117/86 
4/23/86 
5/14/86 
5/28/86 
6111186 
Mean NOEC: 
cv (%): 
n: 

M. bahlo 
-
--
-
-
-
-
-

38.0 
35.8 -
24.7 
32.8 
21.6 

3 

C. dubia 
-

65.0 
50.9 
39.3 
66.5 
65.4 
69.8 
71.2 
71.8 
82.0 
65.4 
82.0 
66.3 
18.7 
11 

P. promlas 

26.6 
24.5-
36.6 
40.5 
32.8 
34.2 
37.2 
35.9 
38.7 
22.0 -
32.9 
19.5 
10 

LC% (%) 

LC% 
(% Effluent) 

C. dubla 
48 hours 

15 
35 
35 
35 
17 

<I2 
35 
35 
55 
37 
28 
41 
75 
18 

100 
71 

C. dublo 
-

10.1 
5.6 

10.1 
10.1 
18.0 
10.1 
10.1 
10.1 
31.7 
18.0 
31.7 
15.1 
59.6 
11 

P. pmmelos 

P. promelas 
14.1 
7.1 -

14.1 
14.1 
14.1 
14.1 
7.1 
7.1 

14.1 
7.1-

11.3 
31.9 
10 

48 hours 

35 
36 
35 
35 -
38 
35 -
61 
35 
31 
39 
56 
67 
61 
60 

M. bahla 
-
-
-
-
-
--
-

24.0 
24.0 -
13.4 
20.5 
29.8 

3 

% hours 

16 
19 

4 2  

< I?-.-.-
-. 
25 
22 

<25 
25 
34 
13 
37 
25 



Table A.2.13. LC505 for a manufacturing effluent conducted over 2 
ears. All tests were conducted udng Daphnio ma no according to' 
methods descrihd in Reference 6. (Data xlurce: [8f) 

-

LCsc 
Test Date (% Effluent) 

1982 (1st quarter) 56 
1982 (4th quarter) 90 
1982 (4th quarter) 70 
1983 (3rd quarter) 69 
1983 (3rd quarter) 36 
1983 (3rd quarter) 36 
1983 (3rd quarter) 32 
1983 (3rd quarter) < 18 
1983 (3rd quarter) 28 
1983 (3rd quarter) 67 
1983 (3rd quarter) < 10 
1983 (4th quarter) 46 
1983 (4th quarter) 75 
1983 (4th quarter) 78 
1983 (4th quarter) 24 
1983 (4th quarter) 26 
1983 (4th quarter) 32 
1983 (4th quarter) . 19 
Mean LCso: 45.1 + 24.3 
cv (%): 53.9 
n:. 18 

Note: Less than (<) values wore excluded tmm the mean LC50 c8lculationr, 

Table A.2-14. LC505 for a manufacturing effluent conducted over 8 
years. All tests were conducted using Pimepholes promelos according 
to methods described in Reference 6. (Data source: 181.) 

LCsc 
Test Date (% Effluent) 

1979 (1 s t  quarter) 72.0 
1979 (1st quarter) 62.0 
1979 (1 st quarter) i 52.0 
1979 (3rd quarter) I 39.0 
1981 (2nd quarter) I 64.0 
1981 (4th quarter) 70.0 
1982 (2nd'quarter) 44.0 
1982 (2nd quarter) 66.0 
1985 (1st quarter) 59.6 
1985 (4th quarter) >100.0 
1986 (2nd quarter) 49.2 
1986 (2nd quarter) 63.8 
1986 (2nd quarter) 50.0 
1986 (3rd quarter) 75.7 
1986 (3rd quarter) 80.0 
1986 (3rd quarter) 79.0 
1986 (4th quarter) 71.O 
Mean L C ~ ~ :  64.5 + 15.1 
CV (%): 23.5 
n: 17 

Note: Greater than 0)valuer were excluded horn the mean LCs0 calculrtlonr 

Table A-2-13. LCsos for a manufacturing effluent conducted 
over 5 years. All tests w e n  condurtcd using Pimephales 
promelas according to methods described in Reference 6. 
(Data source: [a].) 

Test Date 

1980 (1st quarter) 
1980 (2nd quarter) 
1980 (3rd quarter) 
1980 (4th quarter) 
1981 (1st quarter) 
1981 (2nd quarter) 
1981 (3rd quarter) 
1981 (4th quarter) 
1982 (1 st quarter) 
1982 (2nd quarter) 
1982 (3rd quarter) 
1982 (4th quarter) 
1983 (1st quarter) 
1983 (2nd quarter) 
1983 (3rd quarter) 
1983 (4th quarter) 
1984 (1 st quarter) 
1984 (2nd quarter) 
1984 (3rd quarter) 
1984 (4th quarter) 
Mean LCso: 
cv (%): 
n: 

LCs 
(% Effluent) 

18.0 
11.0 
32.0 
16.0 
32.0 
23.0 
17.0 
46.0 

9.0 
32.0 
28.0 
52.0 
34.0 
33.0 
20.0 
43.0 
45.0 
19.0 
61.O 
20.0 
29.6 + 14.2 
47.9 

20 


Table A-2-16. L C ~ O Sfor a manufacturing effluent conducted 
over 5 years. All tests were conducted using Dbphnia rnagna 
according to methods described in Reference 6. (Data source: 
[a].) 

Test Date 

1981 (2nd quarter) 
1981 (3rd quarter) 
1982 (3rd quarter) 
1984 (4th quarter) 
1985 (1 st quarter) 
1986 (1 st quarter) 
1986 (2nd quarter) 
1987 (1st quarter) 
1987 (1st quarter) 
1987 (1 st quarter) 
1987 (1 st quarter) 
Mean LCsc: 
CV (%): 
n: 

LC,
(% Effluent) 

100.0 

>100.0 

>100.0 


80.0 
75.0 
25.0 
82.0 
75.0 
24.0 


>100.0 

>100.0 


65.9 f 29.5 
44.8 
11 

Note: Cfeater than (r)valuer unm excluded hornthe m a n  LC50 ulculalions. 



- - 

Table k2-17. LCsos for a manufacturing effluent conducted Table k2-18. LCSOSfor a manufacturing effluent conducted 
over 7 years. All tests wen conducted using Daphnia pulex over 3 months. All tesb wen conducted using Daphnia 
according to methods described in Reference 6. (Data source: magno according to methods described in Reference 6. (Data 
[El.) source: [a].) 

1c53 
Tea Date (% Effluent) 

1982 (4th quarter) >IOO.O 
1982 (4th quarter) 81.O 

1981 iist Garter) 1982 (4th quarter) 57.0 
1981 (1st quarter) 1982 (4th quarter) 61.0 
1981 (1st quarter) 1982 (4th quarter) 87.0 
1981 (2nd quarter) 1982 (4th quarter) 90.0 
1981 (3rd quarter) 1982 (4th quarter) 90.0 
1982 (3rd quarter)- 1982 (4th quarter) >100.0 
1986 (3rd quarter) 1982 (4th quarter) >100.0 
1986 (3rd quarter) >100.0 1982 (4th quarter) 54.0 
Mean LCm: I 43.0 k 17.3 1982 (4th quarter) 74.0 

1982 (4th quarter) >100.0 
Mean LCso: 74.3 + 15.1 

Note: Greater than (>)values were aiduded tmm tht m a n  LC50 olculaUont. CV (%): 20.3 

-n: 12 

Note: C m r  Uun[>) MIWSw m excluded horn them a n  LC50 ntulationr. 







Table A3-2. Examples of Acute-to-Chronic Ratios 
Table A-3-1. Example of Acute-to-Chronic Ratios 	 Chemical Mmufecturers 

Oil ~d inery l  Fathead 
Minnow Cerlodaphnla 

Fathead 
Minnow Cerlodaphnlo Myslds 	 0.1 7 > 1.0 

0.07 > 1.0 
1.89 9.09 1.58 	 8.4 >10.0 
3.47 3.89 1.49 	 7.6 >50.0 
2.60 6.58 1.84 	 >3.0 > 2.9 
2.87 3.63 	 3.9 > 1.4 
2.33 6.91 	 >3.0 1.4 
2.43 7.05 	 1.8 1.4 
5.26 7.11 ' 	 3.9 
5.08 3.63 	 2.8 
2.74 2.59 	 > 2 0  
3.11 5.5 	 > 4.0 
5.1 4.4 	 4.0 

>10.0 	 1.4 
> 7.1 5 5 
> 3.3 1.8 
> 2.0 > 3.3 
> 3.0 > 3.3 

2.8 	 > 3.3 
5.42 	 1.4 

Mean ACR: 3.3 5.3 1.64 	 > 2.0 
n: 11 13 3 5.5 
Range: 1.89-5.26 2.59->10.0 1.49-1.84 1 .5 

1.4 
5.0! ~ersonal ~ o m m ~ n i ~ a t i o n  P. Dorn. 

>10.0 
2 personal communication M.L.C. Ramor and E. &noletti (la0 Paulo. Brazil). 	 > 2.0 
Note: Greater than (>) valuer were excluded from mean ca!culationr. 	 > 3.3 

3.1' 
14.0' 
4.3' 
2.5' 
1.8' 
5.5' 
5.4' 

Mean ACR: 3.7 	 3.7= 
n: 6 20 
Range: 0.07 - 8.4 1.4 ->SO 

personal communkation M.L.L.C. and E. k n o l m i  (Sao P.do, Brui!). 

2 G- Vun (>)valves mnexcluded from the mean ulculation. 



Table A-8-8. Example of hub-to-Cbmnic Ratios 

POTW. 

I 

Fathead 
Minnow 

2.9 I 
Cerlodaphnla 

1.4 

i~ 

Mean ACR: 
n: 

Range: 


'Cmter than (>) wlvcl 

3.3 
5.4 

> 3.0 
3.0 

4.9 

11 

1.5 - 9.3 

mnexcluded horn mean 

3.0 
5.5 
4.9 

> 2.0 
> 8.0 
> 2.0 
> 1.0 
> 3.3 
> 2.0 

4.4 
16.1 

> 4.0 
> 3.3 

>10.0 
2.6 
5.7 
2.8 

>10.0 
> 2.0 

1.4 
2.6 

> 3.3 
1.8 
5.5 
1.5 

> 3.3 
5.5 
3.8' 

21 
1.4 - 16.1 

calcuhtlonr. 
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CLEANWATERACT(33 U.S.C. 1251SEQ.) 

Statutory Authority for the Use of Toxicity Tmtln@ and Whole Effluent Toxicity 
Limitations in WPDES Pennlts: 

Over the yean, a developmental process has occurred regarding the use of biological techniques to assess 
effluent discharges and set permit limits. The acquisition of data and the development of new techniques has 
contributed to the refinement of toxicity testing methods, thus enabling EPA to more fully act in accordance 
with its mandates to implement statutory requirements relating to the attainment and maintenance of water 
quality. 

Toxicity testing of Whole Effluents and Whole Efftuent toxicity limitations in National Pollutant Discharge 
Elimination System (NPDES) permits are essential components in the control of the discharge of toxic 
pollutants to the nation's waters. The use of toxicity testing and Whole Effluent toxicity limitation in the 
NPDES program i s  clearly authorized by the Clean Water Act (CWA). 

Relevant provision of the CWA that provide the statutory authority for using toxicity testing and Whole 
Effluent toxicity limitations include the following: 

Section 101(a) sets forth not only the goal of restoring and maintaining the "chemical, physical, and 
integrity of the Nation's waters" (emphasis added), but also in Section 101(a)(3) the 

national poi~cyof prohibiting the "discharge of && ~ollutanuin toxic(emphasis added). 

As defined at Section 502(15), biological monitoring means that "determination of the effects on 
aquatic life, including accumulation of pollutants in tissue, in receiving waters due to the discharge 
of pollutants (A) by techniques and procedures, including sampling of organisms representative of 
appropriate levels of the food chain appropriate to the volume and the physical, chemical, and 
biological characteristics of the effluent, and (6) at appropriate frequencies and locations." 

Section 304(a)(8) requires EPA to develop information on methods, including biolo ical monitoring 

other than pollutant by pollutant criteria. 
Sand assessment methods, to establish and measure water quality criteria for toxic pol utants on bases 

Section 303(c)(2)(8) states, -0 in this sectim shall be c w d  to limit or delav the use of 
limitations or other Dermit conditions based on or involvina bioloaicalmpnitorina or 

(emphasis added). 

Section 302(a) provides the authority to establish water quality-based effluent limitations on 
discharges that interfere wlth the attainment or maintenance of that water quality which shall assure 
protection of puMk health, public water supplies, and the protection and propagation of a balance 
population of shellfish, fish and wildlife, among other uses. The effluent limitations established 
must reasonably be expected to contribute to attainment or maintenance of such water quality. . Under Section 301(b)(l)(C) and Section 402, all NPDES permits must comply with any more stringent 
limitations necessary to meet applicable water quality standards, whether numeric or narrative. 

CWA Section 308(a) and Section 402 provide authority to EPA or the Sate to require that NPDES 
permitteeslapplicants use biological monitoring methods and provide chemical, toxicity, and 
instream biological data when necessary for the establishment of effluent limits, the detection of 
violations, or the assurance of compliance with water quality standards. 

Section 510 provides the authority for Rates to adopt or enforce any standards or effluent limitations 
for the discharge of pollutants only on the condition that such limitations or standards are no less 
stringent than those in effect under the CWA. 
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D.vrlopmot ol W l t u  Ou*nyd.wd
m l t  UmbU#w fw lo* CoMnt* 
NltlOMl POllCY 

~autcv:Envlmnmenlal Roteclion 
Agency IEPA). 
& m i o w  Notlce. -
.uuuAUV: EPA ha8 Issued 8 n a t l 0 ~ l  
policy s18tement entitled "Policy for the 
Development of Wrter Quslity%sed 
Permit Wmitelions for Toxic Pollut~t..' 
This pollcy addresss~ the technical 
approach for assessing and wntmlllng 
the discharge of toxk 8ub8unce8 to the 
Nation's waters ihm h the National 
Pollutant Discharga E"flmlnation SYSlOm 
INPDESI oennit Drosrem. .------,. . -
POI1NllMIlINPORNATION COUTACI: 
BNCC Newton or Rlck Brandes. Parmitl 
Division (EN-338).OMw of W8ter 
Enforcement and Permits. U.S. 
Environmental Rotectlon Agency. 
Washington. D.C. 20480.4Zd-mtO. 
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8 U W U M W A R V  WMRNAMW: As the 
w a r  pollution mntrol effort in the 
United States pmsrssses and the 
"traditional" pollutants (oxygen 
demanding and eutrophying materials) 
become sufficiently treated to protect 
water quality. attention is shifting 
towards pollutants that impact water 
qualit through toxic effecls. Compared 
wi* Xe traditional pollutants, 
regulation of toxic pollutanls Is 
considerably more dilflcult. The 
difficulties include (1) the great number 
of toxic chemicals that may potentially 
be discharged to receiving watem and 
the dlfficulties in their analysic (2) the 
changes in the toxlc effects of a 
chemical resulting from reactions with 
the matrix of constituents in which it 
exists; and (3) the inability to predict the 
effects of exposure to combinations of 
chemicals. 

To overcome some of these problems. 
EPA and the States have begun to use 
aquatic toxicity tests and various human 
heeith assessment techniques to 
complement chemical analyses of 
effluents and receiving water samples. 
Because these techniaues or their 
application to efflueni testing are new. 
EPA and the States have been cautious 
in their use. Based on EPA's evaluation 
of these techniques and the experiences 
of several States. EPA is now 
recommeding the use of biologicel 
techniques as a complement to 
chemical-specific analyses to assess 
effluent discharges and express permit 
limitations. EPA has issued these 
recommendations through a statement 
of policy and is developing a technical 
guidance document lo help implement 
the olicy

~ i ecomplete test of the national 
policy statement follows: 
Policy for the Development of Water 
QuaUtyBawd Permit Limitations for 
Toxic Pollutanl8 
Sfofenrerltufpolicy 

To contra1 pollutantn beyond Best 
Available Technology Economically 
Achievable (BAT), secondary treatment. 
and other Clean Water Act technology- 
based requirements in order to meet 
water quality standards, the 
Environmental Protection Agency (EPA) 
will use an integrated strategy 
consisting of both biological and 
chemical methods to addresn toxic and 
nonconventional pollutants from 
industrial and municipal sources. Where 
State standards contain numerical 
criteria for toxic pollutants. Nsfronal 
Pollutant Discharge Elimination System 
(NPDES) permits will contain limits a s  
necessary to assun compliance with 
t h e e  standards. In addttion to enforcing 

specific numerical criteria. EPA and the 
Slaws will use biological techniques and 
available data on chemical effects to 
assess toxicity impacts and human 
health hazards b a e d  on the vneral  
slnndard of "no toxic materkls in toxic 
amounts." 

EPA. in its overnight role, will work 
with States to ensun that these 
techniques are used wherever 
appropriate. Under section 308and 
section 102 of the Clean Water Act (the 
Act). EPA or the State may require 
NPDES permit applicants to provide 
chemical, toxicity, and instream 
biol cel data necessary to assure 
comsance with standards. Data 
requirements may be determined on a 
can-bycane bams in consultation with 
the State and the discharger. 

Where violations of water quality 
standards are identified or projected. 
the State will be expected to develop 
water quality-bssed effluent limit1 for 
inclusion Lnany issued permit. Where 
necessary, EPA will develop these limits 
in consultation with the State. Where 
there is a significant likelihood of toxic 
effects to biota in the receiving water. 
WA and the States may impose permit 
limit8an effluent toxlcitv end mav ~~~~~~~--~~ , ----< 
require an NPDES pennittee to conduct 
a toxicity reduction evaluation. Where 
toxic effects are present but there is a 
significant likelihood that compliance 
with technology-based requirements will 
sufflclently mitigate the effects. EPA and 
the States may require chemical and 
toxicity testing after installation of 
treatment and may reopen the permit to' 
incorbarate additional limitations if 
needed to meet water quality standards. 
(Toxicity data, which are considered 
"new information" in accordance with 
40 CFR lzz.ez(a)(Z), could constitute 
cause for Dermit modification where 
necessary.)

To carry out this policy. EPA Regional 
Administratom will assure that each 
Region has the ca~ability to conduct 
water quality asissmerits using both 
biological and chemical methods and 
provlde technical assistance to the 
States. 
Backgmund 

The Clean Water Act establishes hvo 
principal bases for elfluent limitations. 
Pint, existing dischargen are required 
to meet technology-based elfluent 
limitations that reflect the best controls 
available considering economic impacts. 
New source dischargen must meet the 
best demonstrated technology-based 
controls. Second, when  necessary. 
additional requirements are imposed to 
assure attainment and maintenance of 
water quality standards established by 
the States and approved oy EPA. In 

6-22 

-

establish@ or reviewing NPDESpermit 
limlls. EF'A must emme that the iimib 
will result in the atlninment of water 
quality standards and protect 
desimated water uses. includinn an 
- ~"~~~ -.~~~~~-~ - - ~ ~  

For toxic and nonconventional 
pollutanl8 it may be difficult in some 
situations to datermine attsinmsnt or 
nonattaiment of water quality 
standards and set appropriate limits 
becauss of complex chemical 
interactions which affect the fate and 
ultimate impact of toxic substances in 
the receiving water. In many casew. all 
potentially toxic pollutants cannot be 
identified by chemical methods. in such 
situations, it is more feasible to examine 
the whole effluent toxicity and i n s a u n  
impacts using btological methods rather 
than attempt to identify all toxic 
pollutantr determine the effects of each 
pollutantlndividually, and then attempt 
to assess their collective effect. 

The scientific basis for using 
biological techniques has advanced 
significantly in recent yeere. There is 
now a general consensus that an 
evaluation of effluent toxicity, when 
adequately related to instream 
conditions, can provide a valid 
indication of receiving system impacts. 
This information can be useful in 
developing regulatory requirements to 
protect aquatic life, especially when 
data from toxicity testing are analyzed 
in conjunction with chemical and 
ecological data. Generic human health 
effects methods, such as the Amen 
mutagenicity test, and structure-activtty 
relationship techniques are showing 
promise and should be used to identify 
potential hazards. However, pollutant- 
specific techniques are the best way to 
evaluate and control human health 
hazards at this time. 

Biological testing of effluents rs an 
imponant sspect of the weter quality- 
based approach for controlling toxic 
pollutantr Eflluent toxicily data in 
conjunction with other data can be used 
to establish control priorities, assess 
compliance with State water quality 
standards, and set emi t  limitations to 
achieve those rtsngards. All States have 
weter quality standards which include 
narrative statements prohibiting the 
discharge of toxic materials in toxic 
amounts. A few State standards have 
criteria more specific than narrative 
criteria (for example, numerical criteria 
for specific toxic poiiutanls or a toxicity 
criterion to achieve designated uses]. In 
States where numerical criteria are not 
specified, a iudgment by the regulatory 
authority is required to set quantitative 
weter quallty-based limits on chemicals 
and effluent toxicity to assure 
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compliance with water quality 
standards. 

Nola-Section 308 of the Act and 
corresponding Slate statutes authorize WA 
and the Stales to require ofthe owner1 
operator any information reasonably required 
lo determine pennit limits and to determine 
compliance with standards or permit limits. 
Rioiogicai methods a n  specifically 
mentioned. Toxicity permii limits *re 
authorized under Section 301 8nd 402 ~ n r t  
svpponed by Seclion 101. 

Applicolion 
This policy applies to EPA and the 

States. The poliqy addresses the use of 
chemical and biological methods for 
assuring that effluent discharges are 
regulated in accordance with Federal 
and State requirements. This policy was 
prepared, in part, in response to 
concerns raised by litigants to the 
Consolidated Permit Re ulations [see bn 
52079, November 18,letzl.  use  of these 
methuQs for developing water quality 
standards and trend monitoring are 
discussed elsewhere [see 48 FR 514W. 
November 8.1983 and Bosic Wnler 
.%10niloring Progrom EPA401#-7WSJ. 
This policy is part of EPA's water 
quality-based control program and dues 
not supersede other regulations, policy. 
and guidance regarding use 
attainability, site-specific criteria 
modification, wasteload allocatiou. nncl 
water suality mananement. ' . . -
lll~plemenlolion 

Slate Role 
The control of toxic substances to 

protect water quality must be done In 
the context of the Federal.State 
nartnershio. EPA will work 
Eooperati;e~y with the States in 
identifying pbtentlsi water qual~ty 
standards v~olat~ons. -~~~~assemhlinu

~~ 

relevant data, developing appropriate 
testing require.ments, determining 
whether standards are being violated. 
and defining appropriate permit limits. 

Note.-Under sections 309 md 401 of the 
Act. States a n  ~iven primary responsibility 
for developing water quality standards and 
iimils lo meet those standurda. EPAs role 19 
to review the Slate standards and limits and 
develop revised or additional stsnd~rds or 
limits as needed io meel the reqvirrmentn of 
the'Act. 

Integration of Approaches 
The type of testing that is moat 

appropriate for assessing water quality 
impacts depends on the type of effluent 
and discharge situation. EPA 
recommends that an.lntegrated 
approach, including both biological and 
chemical techniques. be used to assess 
and control water quality. The princip~l 
ddrantages of chemical-specific 

techniques are that (1) chemical 
analyses are usually less expensive then 
biological measurements in simple 
cases: (2) treatment systems are mom 
easily designed to meet chemical 
requirements than toxicity requirement': 
nnd (31 human health hazards and 
binaccumulative oollutants can best b? 
addressed at this'time by chemical- 
specific analysis. he principal 
advantages of biological techniques are 
that Ill the effects of compiex 
discbakes of many known and 
unknoGn constituents can be measured 
only by biological analyses: (2) 
hioavailability of pollutants after 
discharge is beat measured by toxicity 
testing: and (3)pollutants for which 
there are inadequate chemical analytical 
n~ethodsor criteria can be addressed. 

Pollutant-specific chemical analysis 
techniques should be used where 
discharges contain few. well-quantified 
pollutants and the interactions and 
effects of the pollutanis are known. In 
eddition. pollutant.specific techniques 
should be used where health hazards 
a rea  concern or bioaccumulation is 
suspected. Biological techniques should 
be used where effluents are complex or 
where the combined effects of multiple 
discharges are of concern. EPA 
recognizes that in many cases both 
types of analysis must be used. 

Testing Requirements 
Requirements for dischargeritu 

collect information to assess attainment 
or nonattainment of State water quality 
standards will be imposed only in 
selected cases where the potential for 
nonattainnent of water quality 
~tandards  exists. Where water quality 
problems are suspected but there is a 
slron indication that complying with 
B C T ~ A Twill sufficiently mitigate the 
impacts. EPA recommends that 
appl~cable permits include testing 
requirements effective after BCTlBAT 
compliance and reopener clauses 
allowin reevaluation of the discharge. 

The cfemical. ohvsical. and biolonical 
testing to  be conauated byindividud 
discharners should be determined on a 
caae.bGcaae basis. In making this 
determination. many factors must be 
considered, including the degree of 
impact, the complexity and variability of 
the discharge, the water body type and 
hydrology, the potential for human 
health impact, the amount of existing 
data, the level of certainty desired In the 
water quality assessment, other sources 
of pollutants, and the ecology ofthe 
receiving water. The specific data 
needed to measure the effect that a 
discharger has on the receiving water 
will vary according to these and other 
factors. 

An assessment of water quality . 
ahould, to the extent practicable, include 
other point and nonpolnt sources of 
~ollutantaif the sources mav be 
kontributing to the impacta .k~~cial  
attention should be focused on Publicly 
Owned Treatment Works (POTW's) 
with a dgniftcant contribution of 
industrial waste-watcr. Recent studies 
have indicated that such FQTWa am 
lmen significant sources of toxic 
materials. When developing monitoring 
mauirements. internretins date. and 

r ~v ----~ 

dsierminin81imita~ions, permit 
engineers should work closely with 
water quality staff at both the State and 
Federal levels. 

A dischatget may be required to 
provide data upon requesiunder section 
508 of the Act, or such a requirement 
may be included in its NPDES permit, 
The development of a final assessment 
may require aevcral iterations of data 
collection. Where potential problems are 
identified. EPA or the State may require 
monitoring to determine whether more 
information is needed concerning water. 
quality effects. 

Use of Data 

Chemical. physlcal and binlogical 
data will be used to determine whether, 
aRRr compliance with BCTlBAT 
requirrm6nts. there will beviolations of 
State water quality standards resulting -
from the discharge[s). The narrative 
prohibition of toxic materials in toxic 
amounts contained in all State 
standards is the basis for this 
detennlnation taking into account the 
deslnnaied use for the receiving water. 
For ixample, discharges to warera 
classified for propagation of cold water 
fiah should be evaluated in relation to 
acute and chronic effects on cold water 
organisms, potential spawning areas. 
and effluent dispersion. 

Setting Permit atio ions 
Where violations of water quality 

standards exlst or are projected, the 
State and EPA will determine pollution 
control requirements that will sttsin the 
receiving water designated use. Where 
effluent toxicilv is an aonroonate 
control paramiter, limits on 
effluent toxicity should be developed. Ia 
such cases. EPA mav also kauire a 
permittee to conduci a toxiciiy reduction 
evaluation. A toxicity reduction 
evnlllation is an investigation conducted 
within a plant or municipal system to 
isolote the sources of effluent toxicity. 
specific caurative pollutants if possible. 
and determine the effectiveness of 
pollution control options in reducing the 
effluent toxicity. If specific chemicals 
are identified as  the cause of the water 
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quality standard. vlolatlon thew 
Individual pollutant8 should ba limited. 
If a toxlclty reduction avaluallon 
demonstrabs that limltlng 111ladleator 
parameter will ensun attafnment of the 
water qualtty-based effluent loxidty 
requirement, limits on the Indicator 
parameter should be considered la lieu 
of llmlts on effluent toxicity. Sucb 
indlcator limits Mnot limits on 
causative pollutmt8 but limit8 
demonstrated to result i n s  speclnc 
toxicity reductlan. 

Modtorlug 
Where pollution contml requitemants 

are exnresaed in terms of a chemicd or 
~oxicoio~ica~arsmater .compliance 
mon~toring must Include monitoring lor 
that Datameter. If an indlcator 
parameter is uned based on (he results 
of a toxicitv reduction evaluation. 
periodic toilcity testing may ba required
to confirm the adequacy of the Indicator. 
Where biolonical data were used to 
develop a water quality assessment or 
where the potential for water quality 
standards vlolallons oxist, blol&cal 
monitoring (including instream 
monitoring) may be required to e n s m  
continuing compliance wlth water 
suality standards. 
EPA believes that the Intelligent 

application of an integrated strstsgy 
using both biological and c h e m l ~ l  
techniques for water quality assessment 
will facilitate the development of 
appropriate controls and the attainment 
of water aualitv standsrdr. EPA looks 
f o m a d  1; wo;klng wlth the ~ t a t e s  in a 
spirit of cooperation to further refine 
thesetechniques. 

Policy suncd February a, tmby lack & 
Rsvan. Assimtnnt admlnlstntor for Water. 

Dated:February 1&10R(. 
lack IL Ravan. 
Asbislonl Adminlamtorfor U'omr., 
Im Vz= Y4Ut WIkd *. I;U..I 
~ w ' m ~ 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. D.C. 204W 


OFFICE OF 
WATER 

MEMORANDUM 


SUBJECT: New Reaulations Governina Water Quality-Based 
-

program 


FROM: 

- ~~ 

/and Permits 


TO: Water Management Division Directors 

Regions I - X 

On May 26, 1989 the Deputy Administrator signed regulations 
that implement section 304(1) of the CWA. The regulations became 
effective upon his signature and were published in the Federal 
Re ister on June 2, 1989 (54 Fed. Reg. 23868). This rulZZXZig , 
b r i f i e d  and reinforced EPA's existing regulations 
governing water quality-based permitting. The purpose of this 
memorandum is to describe the significance of these 
clarifications to EPA's baseline water quality-based permitting 
regulations. 

CHANGES TO 40 C.F.R. PART 122 


Section 122.44 covers the establishment of limitations, 

standards, and other permit conditions in NPDES permits. 

Subsection (d) covers water quality standards and state 

requirements. Prior to the promulgation of these new regulations 

the subsection was non-specific, requiring only that NPDES 

permits be issued with requirements more stringent than 

promulgated effluent guidelines as necessary to achieve water 

quality standards. We have strengthened considerably the 

requirements of $122.44(6). The new language is very specific 

and requires water quality-based permit limits for specific 

toxicants and whole effluent toxicity where necessary to achieve 

state water quality standards. The following is a section-by- 

section description of the new requirements. 




1. $122.44(d)(l)(i) 


This new paragraph provides that all pollutants that cause, 

have the reasonable potential to cause, or contribute to an 

excursion above a water quality standard must be controlled to 

achieve all applicable water quality standards, including 

narrative water quality criteria. We added this paragraph so 

that our regulations would reflect EPA's approach to water 

quality-based permitting. 


2. 3122.44(d) (l)(ii) 


Subparagraph (ii) of the new regulations requires the states 
to use valid procedures to determine whether a discharge causes, 
has the reasonable potential to cause, or contributes to an 
excursion above a water quality standard. These procedures must 
account for existing controls on point and nonpoint sources of 
pollution, the variability of the pollutant in the effluent, the 
sensitivity of the test species (when evaluating whole effluent 
toxicity), and where allowed by state water quality standards, 
the dilution of the effluent in the receiving water. The purpose 
of this new regulation is to require the states to use 
technically valid procedures when determining whether a discharge 
is exceeding a numeric or narrative water quality criterion. 
When the permitting authority determines, using these procedures, 
that a discharge causes, has the reasonable potential to cause, 
or contributes to an excursion above a water quality criterion, 
that permit must include one or more water quality-based effluent 
limits established under subparagraphs (iii) - (vi). 
Subparagraphs (iii) and (iv) deal with water quality-based 
limitations where the state has numeric water quality criteria; 
subparagraphs (v) and (vi) deal with a state's narrative water 
quaity criteria. 

This paragraph requires NPDES permits to include effluent 

limitations for every individual pollutant that causes, has the 

reasonable potential to cause, or contributes to an excursion 

above a numeric water quality criterion. Thus, when a state has 

adopted a water quality criterion for an individual pollutant and 

the state determines under subparagraph (ii) that an effluent 

limit is necessary, subparagraph (iii) requires an effluent limit 

for that individual pollutant. 


Subparagraph (iv) requires effluent limitations on whole 

effluent toxicity when a discharge is exceeding a state numeric 

criteria for whole effluent toxicity. This paragraph is applied 




where a state has adopted a numeric criterion for whole effluent 
toxicity (e.g. a discharge must achieve an LC50 of 50% or 
higher) . 

When the state determines that a discharge exceeds a 

narrative water quality criterion, subparagraph (v) requires 

effluent limitations on whole effluent toxicity. If, however, 

chemical-specific effluent limitations are demonstrated to be 

sufficient to achieve all applicable water quality standards, 

then subparagraph (v) allows the permitting authority to forego a 

limitation on whole effluent toxicity. It may be necessary for 

you to work with an individual state to ensure that they have the 

necessary protocols to support whole effluent toxicity limits. 


6. >122.44(d)(l)(vi) 


Where an actual or projected excursion above a narrative 

water quality criterion is attributable to a particular 

pollutant, but the state has not adopted a water quality 

criterion for the pollutant of concern, this new regulation 

requires water quality-based effluent limitations which will 

control the pollutant of concern. Subparagraph (vi) establishes 

three options for developing such limitations. Under these 

options, a state may: 1) calculate a numeric criterion for the 

pollutant; 2) use EPA's water quality criterion for the pollutant 

of concern; or 3) establish effluent limits on an indicator 

parameter. 


By an indicator parameter we mean a pollutant or pollutant 

parameter for which control of this indicator will result in 

control of the pollutant of concern. For example, it may be 

shown that a more stringent control on total suspended solids 

will reduce discharge of a metal to a level which achieves the 

water quality standard. Subparagraph (vi) also sets out four 

provisions which must be met to allow. the use.of an indicator: 


1) 	 The permit must identify which pollutants are intended 

to be controlled by a limit on the indicator parameter. 


2) 	 The fact sheet must set forth the basis for the limit, 

including a finding that compliance with the limit will 

result in controls on the pollutant of concern that are 

sufficient to achieve the water quality standard. 


3 )  	 The permit must require all monitoring necessary to 
show continued compliance with water quality standards. 
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4) The permit must contain a reopener clause allowing for 

changes in the permit as needed to achieve water 

quality standards. 


A state's narrative water quality criterion serves as the legal 

basis for establishing Buch effluent limits. 


7. p122.44(d)(l)(vii) 


subparagraph (vii) requires that all water quality-based 
effluent limitations adhere to two fundamental principles: 1) the 
effluent limitations must be derived from and comply with all 
applicable water quality standards; and 2) the effluent 
limitations are consistent with the assumptions and requirements 
of an applicable wasteload allocation (WLA) if a WLA is available 
for the pollutant. 

CHANGES TO 40 C.F.R. PART 123 


We amended the permit objection regulations at 40 C.F.R. 
$123.44 to reflect the amendments to $122.44(6)(1). Under 
$123.44(~)(8) EPA may now object to a state-issued permit if the 
permit does not meet the requirements of $122.44(6)(1). Thus, if 
a state does not use technically sound procedures for evaluating 
the need for water quality-based effluent limitations then EPA 
may object to the permit. Also, if a state fails to include 
chemical-specific or whole effluent toxicity limitations in a 
permit as required by paragraphs (iii) - (vi), then EPA may 
object to the permit. Finally, if a water quality based effluent 
limitation is not derived according to the principles in 
subparagraph (vii) then EPA may object to the permit. 

If a state's surface water toxics control program is not 

adequate to implement these requirements, the new regulations at 

40 C.F.R. $123.63 expand EPA's criteria for withdrawing a state's 

NPDES program. Under the new regulations ($123.63(a)(S)), EPA 

may withdraw a state's NPDES program if the state fails to 

develop an adequate regulatory program for developing water 

quality-based effluent limitations. In November 1987, 

Headquarters provided procedural anp. technical guidance to the 

Regions on conducting state toxics control program reviews to 

assess the adequacy of state water quality-based control 

programs. This guidance sets guidelines for assessing whether or 

not a state's regulations, policies, and technical guidance 

constitute an adequate program. 


The significance of these additions to Part 123 is twofold. 

First, the Regions must issue permits which comply with these 

requirements and must work with the NPDES states to insure they 

also issue permits which comply with these regulations. If the 

states do not issue permits consistent with Part 123, the Region 

must veto insufficient permits and work with the states to 
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reissue the permits with water quality-based effluent limitation8 
which achieve water quality standards. The specific requirements 
in $122.44(d) are structured in a way that implements EPA's 
Policy for the Development of Water Quality-Based Permit 
Limitations for Toxic Pollutants (49 Fed Re . 9016 March 9, 
1984). Second, Regions will need to I?+?oo c o8oly at each state's 
surface water toxics control program to ensure that the state's 
regulations, policies and technical guidance re8ult in the 
consistent and comprehensive development of NPDES permits which 
achieve the state's water quality standard.. Where this does not 
occur, each Region should work with the state to rectify the 
problem and, after these negotiation6 and where necessary, 
investigate the possibility of withdrawing the WPDES program. 

I hope these regulations will asaist you in developing water 
quality-based effluent limits and will OUppOrt your efforts to 
implement surface water toxics control programs. If you have 
questions or need more information about these requirements, 
please contact Cynthia Dougherty at PTS 475-9545 or have your 
staff contact Rick Brandes at PTS 475-9537. 

cc: 	 Permits Branch Chiefs, Regions I - X 
Martha Prothro, OWRS 
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ENVIRONMENTAL PROTECTION .adStandard#. -3). U.S. 

AOENCY Bnvlmnm0nt.l Rotaction m c y .  UJl M 


Sheet SW.. Washinglo& DCaxes (202)
IPRLdSS741 982-7050.Tbe PubUc mwrd for this 
40 CFR POI% 122 123.nd1W) neul.tlon b available at  the EPA 

Ubnry. MZO04. U.S. Envimnmmtal 
N W M I  Polbunt Dbohuw Rotaction Agency. 401 M Stmet SW.. 
Ellmirution 8ystm;ewhtrW8l.r Washington. DC 2MBO. 
T0xicr Control Progrun 
A~I!N~*:Envimnmental Rotsotion 
Agsncy. 
rcilon: Final Rule. 

SUMMARK Today's action mends  Parta 
122.123, and 130 of EPA's m g d a t i o ~ .  
The regulaHons clarlfy EPA's s d a m  
water toxic8 conkol pmgram. and 
incorporate rectlon 308(a) of the Water 
Oualih' Act of 1887 into EPA's toxic8 
contmi pm ram Section SOsIa) of the 
Water Qus&ty Act added nction 3MO) 
to the Clean Water Act ihemaher 
referred to as section %%(I]), Section 
304(lJ requires the states to identlfy 
those waters that are adversely affected 
by toxic, conventional, and 
nonconvenrional pollutants, m d  
requires the states to pre are Individual 
control strategies that wi\contrnl point 
source discharges of toxic pollutants. 
The states must submit lists of watem 
and individual control strategies to EPA 
for review, and if EPA disapproves a 
state's decision with respect to a llst or 
an individual contml strategy. then EPA 
must implement the reqvlremenll of 
section 30411) in cooperation with the 
state. EPA and the states must 
accomplish the tasks in section W(1) 
according to an ambitious serles of 
deadlines. Today's regulaNonr will 
strengthen State and Federal controls 
over discharges to toxic pollutan6, and 
will assist EPA and the states in ~~~ ~-~~ 

satisfying the~iequlrements of section 
30411) of the CWA. 
r p r l c n v r  D A ~ :These regulations shall 
be effective on May M,1888 at lm p.m. 
Eastern Daylight Savings Time. In 
accordance with 40 CFR 23.2. EPA 
hereby specifies that these regulation^ 
shall be considered tlnal agency action 
for purpose8 of Judlcial review at i:W 
p.m. Enstern Dayllght Savings Time on 
May 26,1889. 
FOR NI (T I I IR  INFORMATION CONTACT: 
Paul Connot, Pmgram Development 
Brnnch. Office of Water Enforcement 
and Permits. @N-339). U.S. 
Environmental Rotection Agency. MI M 
Street, SW.. Washln ton, DC 20(80. 
(202)475-0537, or ,u&th'~sckmna. 
Assessment and WatorshedRotection 
Division. Office of Water Regulations 

mailto:@N-339)


PART 1-A ADYINlOlERED 
PERMIT?RWRAUO:THENATKmAL 
WUUTANT DISCHAIME 
EUMINATION 8 m M  

1.Tba authorl dunon for P u t  1Y 
cont(owa to ma2.S fouows: 

AuIhodw: The Clem W a b  Act 35U.6.c. 
If61 Of 10. 

2. Section 1222 la mended by ad* 
b dphabetlca~ordera new deanltion as 
follows: 

Ilizr D.(Wuonr. . . . .  
Wholeeflrwnt (oxicilymean8 the 

.88rsgate loxlc effecl of an effluent 
measund directly by a toxidty t u ~  

S. Paragraph (d)ll)of 8 122.44 in 
mvissd to mad an foUown: 

. . . . .  
[dl '. 
Ill Achieve water q d t y  elandards 

established under section 503 of (be 
CWhincluding Stale narrallve crfleria 
for water aualitV. . 

[I] Llmitilloni mud wnbol aU 
pollutants or pollutant parameten
Ieither wnventlonal, nonconventional. 
or toxic pollut~~ts)which the Director 
detemlnes are or may he dlschegcd at 
a level which wlll cause. have (he 

acwunt-for e x l r w - a n b o b  QII p b t
and nonpoint a o u r a  of pollulion. the 
vuiahllity of tho pollutant or pollutant 
parameter in the rfnvsnf thew~I t lv i ly
of the speden to toxldty last@ ( w h ~
waluaang wbde W m t  toxidty), m d  
where a~mcmriale,chc dllution of the 
sffluant-k th6 d v i w  water. 

(ill] When thaparmllwlg authrrlty
determinen, ths proosdwa b 
paragraph [d)(l)(lI of thin wction that a 
dischaw csusen, hU (br m ~ o n n b l e  
potential to uuse,  or wntrtbuton to an 
in-rbsm excumion above the allowable 
ambient conoantntion of a Sh t s  
numeric oritsria within a Slate w a b---..---..---- - - -
quality ntandani for M bindldidlul 
pollutant, the permit must wnlaln 
effluent Wla fm that pollutent

(iv] When the permi(tlng authority
detedne8, .*;fj @w in 
paragraph (d)[l il of &ISn~Uon.tb.11 
discharne uusea. as tha malwrble 

in-sham excussionabove tb.wmsric 
crltedon for whole e f l lw t  toxidty, the 
vermit must unWnefiluent Limlle for 
ivhole eflwnt toxid 

(vl ~ t ( m p tas  pmvi'ih in a n  
aubp.rs(paph. when tbe p m i ~  
authority determines. us9pmcoduna Lnp.nenpb I llll(U) of &IS 
sactlon, toxidty lenw&la, or other 
L d 0 ~ t l r n Ltb.1 a U W 8 ,  h M  
theh c b l e  potenlid tocaw,or 
conhibutea toan in-skeamexcun&n 
above a nuntiva d M o n  wlthlo m 
appUuble Slate water q d l y  standad 
thep d t  must ant . ln  Wuanl LLrmU 
for wbole affluent toxldty. llmlU on 
whole efluent toxtdty am not nscnw 
where th.prmllwlg authodty 
&~OIUWS~SS b the h c t  k t or 
ahcement of bsinof th.NRISSpsrmlt 

the proadurnh SP~ 
(d](i [ill olW lscaon,that c h d u l .""7
sp.&c llmltl for the d u m t  uc 

niirn d w a b d u d s .  
(vl) L a stalebuoat .Ihbu,hod 

a warn quauty d t a m l f r na meeuic 
chenlloalpollutant thtLpresent in an 
eflwllt at a mnoan8auon tb.1amar 

S W  w a w  q d t y  .1.ndub the 

psnmllwlg authdty must utsbUeh 
rfnuant UmlIelullyone ormom of the 
lollowlng nw: 

I*) Esleob%& efluent Urnits "Inn. 
da i l a t ed  nlrmalc warn quality " 
dlerion for tbe wUut.nt whlch the 

itt.fnand l a l a &  appUuhle n m t i v e  
water q d  & M a  and wlll fully 
pm1ea the Lm.1.d ws. such. 
irltuion my bs drrivsdus@ a 

Pa d  Stale alMw.or an expUdt
Ute pouw or mgdalim lnlerprating its 

documentl: or 
IS) Bttabbh efiluent Units on a cssr 

by-cane banir, us@ EPA'n water quallty
orlteria, pubbhed under section M7(a)
of the CW& 8u plemented where 
necennary by o ~ e r m l w a n tInfomation;-."' 

[C) Eslabllnb efnuent llmlletionn on an 
bdicstor Dammeter for the ~ollutadtof 
concern.limvided: 

g l l l ~ epermlt identifies whlch 
po utants ur blended to be conkolled 
by tha uae 0 t h  efluent limitation: 

(1) llwfact #boar q u h d  by I 1u.m 
wtr fol.lb cb.M s fm (be Umit. 
Lnolwa 5nW tbet compliance with 
the sfnuant Umit on the indicator 
p.nmeter wlllmull B conbols on the 
pollutent of mncmn whlch am suff~cient 
to atc.ln and malnlaln applicable water 
.--.*

(31I h e  permit mquirsr all eRluenl and 
mMe;rt monltow mcarary to show 
(b.1d a the lenn of U npermil the 
lirmt on tbe LndluIm p.nmeter
conlhlea to atWn mdl a l a i n  
a liubls water qulllgr atandads: and%i b e  nalmit mn- a reooener- - r ~-~&.s;*.*-s&authority 

tornodlh-or revoLsm d  mbaue the 
nem~IlIf Lh. Umiu antbindicator~~ 

p.nw(arno Lompr Utdnmdmainlain 
a Uubla warn d Q a t a n d d 8 .  

~n d o p i q  water q d t y -
bud .Rlun! M U  mdmthis.-..- -- .-. 
p u a p p b  the pmmllUug authority &all 
eMum Ibt: 

A) llwlsd ofwarn quaUly to be 
aLln.llmlt.anmint snmcos 



2.9m pdenl R.slr(a I VoL t ~ ,No. 106 I Wday,  June 2 1980 1 Rules and ReSdaHow 

d i d a q a  repared by the state end 
approved gy EPA p u n m t  to aCPR 
180.7.. . . . .  

4 Tba title of p ~ $ g h1.1 of l l 2 ~ 1  
b IW~bed10mad 0 OW82. . . . . 

(e) Technology-baaedwntrol~for 
lox1'cpolluLcurLs. . . 
PART 129-BIAlE PROORAM 
REQUIREMENTS 

1.The authori dtntlon h r  Purl 123 
continues to reaaas fo~owl: 

Autbdty Clean Water Act. aU.8.C. 1251 
"I ."m-.--.. 
L Section 1 2 3 ~is amendad by 

adding paraenph (c)(8)to read M 
follows: 

4la.44 E P A ~ O f . n 6 ~ t o  -- . . 
(c) ' .. 
(8) 'Ihc effluent Umlt8 of a rmlt fat1 

to satisfy the requhmen9 oG CFR 
tZZ.U(d].. . . . . '  

3. In f 123.40paragraph (a) is revised 
and paragra hs (01. Id). [el and [I)~ V B  
added, as fo!lows: 

412a.44 wlulaolltmlrSnt.glr 
( 8 )Not later than F e b ~ a r y4, leap. . 

each State shall m b d t  to the Ragionai
Adminlsator for review. ap mvnl and 
impismantation an individua~wntml 
strategyfor each point 8ourcsidentified 
by the State punuant to 8ectlon 
3M(l)(l)(C)oftheAct which will 
produce a reduction in the discharge of 
toxic pollutants fmm the point mums 
identified under 8eotion Ea[i)[i ( a
through the estabkhmant of efduent . 
Urnitations under 8ectlon402 of the 
CWA and water quality standard8 
under section 903[0)(2(8)of the CWA, 
which nduction is aukdent, in 
combination with exis- contmla on 
point and nonpolnt aourws of pollution, 
to achieve the eppliwble water quality 
standard a8 soon a8 possible. but not 
later than h e  ye- ahar the date of 
the estabhhmant of eueh 8tmtagy.. . . .  1 

[c)F a  th8 pulp0808 0f (h*8 e 0 h  the 
indiddud ~ n ~ 1 8 ~ ( . p y .18Wt 

fortbin Mctlon SO((I1of (ha CWA, 
manna 1 5 n d  NPDES parmlt with 
m p p d q  documtation that 
efluml ilmit8mw ~ i a t ~ a twlth M 
appmvd waateload d o w t i o e  or other 
docum0Utati~which 8 h 0 ~ 8the1 
appU~abl8wabt q ~ l l t y8bndudc wlll 
be met not later tban Uma yeun .Ru 
the individual control aa t sgy  18 
a8tablish~LWhen lStele i8 unable to 

luua1Bollpsrmlt on or befm 
F.bmuy C 1OlR an I n d i a  ionhd 

p o i n t l o t u o s h m b ~ t o d o n
Wi)(l)l)rc) of the CWA dI8a h  
mbjsol to anon-Jte napinw lctlon 
UndeructlonrlMorimOfthe 
C o m p n h a ~ i wmvhmenW 
Raponre,CompennUon end LkbLUty
Aa of loao (CERCLA]. (42us.cpeen et 
wq an indlvidlul m t r o l  8Imteey m y
bs &a dadsion document [whlob 
Inoorponlw the appllwbh ornlwaat 
and lppmprlata requhmmt8 under the 

108oCW?G?CLA to addms--thbnleaeslo(Or or 
thnataned nleaw d i l .9240~1 
mbstmwa to the anvlmnmant.~~ ~~ - ~ 

(d) A petition tubmlttad p u n m t  to 
8action soc(O(3) of the CWA mwt bs 
submitted to the mmmnriate Rccdand r r  -- ---- -
A d ~ & ~ t n t o ~ ~ t i t i o ~murt identify a 
waurbod in &dent detail M that 
EPA is abL todetanniaa the lowtion 
and boundaden of the waterbody. Tha 
pdtion muat &o identify the Ust or 
list8 for which the waterbody quaMe8. 
and the pstition mwt explain why tlm 
w a t y  ~ t i f i e 8thscritsria for 
bWU0 n C W A ~ c t l o n W ) a n d 4 0
Ct'R 190.1qd)[e). 

(6) If the RngJonal Addnhtnrtor 
&sappmw one or m m In&dual 
conk01 stnta@es. or If a Stale f d s  to 
pmvide adequate public notice and an 
oppmblty to ~ ~ m m a n ton the IC&, 
IIWnot latar t h  June4,1989, tbe 
F t @ d ~ a t a 8 b r l l g i v e l
notia of.ppmval or dluppmval of Ih. 
individual control stntagie8 mbmittd 
by each Stata punu8nt to thissaction u 

(I) Th.notice of alprovai or 

%F'val @vanunder thisp.ngnph
include the f o U 0 ~  

(I] i h a  nuns and addreu of the EPA 
omw that tba statetar 
Nbml* 

[U) A brief descriptionof the section 
sorlil procar.

liu)A urt of1- dlrsppmed unds. 
thirreotionmd. YchtIha1-wlllWtmamtd.ppIlu lerevlew 
uI~uadrr th i r~onendMet ion  
Wl of lhaCWA. 

[tvl U the R e g h d  A d d n h k a t a  
&termiMI &aleState did not pmvlde 
l d q u t e  pubtleMWJOmd an 
OppmJLItyto CoImMnton the w a r n  
poIntMIwaa orfQi. Pvnvlnt 

~ t m ( o r ~ t o ~ h t a o r  
b a ~ e W o f t h e I C S a  
. p p l w a d ~ ~ d o n . n d l  

.. 
(v)Ihslocation whm interested 

WnOM m y  =A'S rsemdr 0f 
appmvd and dhppmval. 

(vl) Th ma. eddrsu, and telsphonr
number of the panonat the Regional 
Offtw hwhom Inhruted penon. 
may obtain more infornutlon. 
IvU)Notiw Ib.1 writtan wtitlons or 

-t8 .nd w  within izodam. 
(1)n e  RegionalAdminl8tmtor &dl 

provide the notios of approval or 
dhppmval $van undn this pamgaph 
to tha appmprlab State Director. The 
Regional Adminlatntor shall ublish a 
notice of avl(l.bUity, in a dsfPior 
weekly n e m p . ~with Stetbwide 
drculatlon or in the F d . n l  Rqklar- for 
tbe notice of approval or d i n  pmval. 
The Regional Addnhtntor @!all also 
omvide mlttsn notice to maoh 
d l s c h ~ ~idm(lBed undn m u o n  
aM(I)ll)[C). Ib.1 EPA ha8 h t e d  the 
ditcharnsr under notion 30)I11i1lICi.... .. . 

(3)G8oon .a pnctlcable but not 
later than June4 , l m  tbeRegional
Oflimn shall haus a resame ta..-..- ~ ..--- .-.r.-. .-
petitions or eommanlsreceived under 
rsction 30((11. m e  response to 
comment8rh.llbe &en in the onme 
manner as the notice described in 
parng~ph[e) of thfl Motion except for 
the followins ch-e.: 

[ill A brief dsscription of the 
8ubrequent 8tsps in the section =(I) 
DmCdll .  

I0EPA 8 h d  nvisw. and approve or 
dinppmva. the individual cmtml 
rb.ta@aa pmpamd under 8ection m(I)
of the CWA. rumtba applicable 
aitef. n t  fdin rsction aM[l) of the 
CWA, end in 40 CFR F u  including
i lZZ.U(d1. At any tlme aftar the 
Regional Adrmaistrator di8appmve8 M 
IC9 (or condltlondy .proves 1draft 
parmil u an I=). the Raglord Of6w 
m y  l~bmi t1written no(lBwUon to (ha
Stnte that (h.Rm$ord Ofece intend. to 
iuue the ICS. Upon Iluuing(ha
noriautiaa .ndnoWhlmdinp  any 
other ragulalion uclwive authority to 

the @t p e w 8  EPA. 
4. SecUon 12863ia amendedby 

addlIla parngNph [a)[q to rend M 
follmvl: 

[a) 
IslWhan the State fail8m devalooan 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. D.C. 20460 


January 25, 1989 

OFPICE OF 

WATER 


MEMORANDUM 


ole Effluent Toxicity Basic Permitting Principles and 

forcement Strateav - - 

FROM: 
Office of Water 

Assistant Administrator 

TO: Regional Administrators 

Since the issuance of the "Policy for the Development of 

Water Quality-based Permit Limitations for Toxic Pollutants" in 

March of 1984, the Agency has been moving forward to provide 

technical documentation to support the integrated approach of 

using both chemical and biological methods to ensure the 

protection of water quality. The Technical Support Document for 

Water Quality-based Toxics Control (September, 1985) and the 

Permit Writer's Guide to Water Quality-based Permitting for Toxic 

Pollutants (July, 1987) have been instrumental in the initial 

implementation of the Policy. The Policy and supporting 

documents, however, did not result in consistent approaches to 

permitting and enforcement of toxicity controls nationally. When 

the 1984 Policy was issued, the Agency did not have a great deal 

of experience in the use of whole effluent toxicity limitations 

and testing to ensure protection of water quality. We now have 

more than four years of experience and are ready to effectively 

use this experience in order to improve national consistency in 

permitting and enforcement. 


In order to increase consistency in water quality-based 

toxicity permitting, I am issuing the attached Basic Permitting 

Principles for Whole Effluent Toxicity (Attachment 1) as a 

standard with which water quality-based permits should conform. 

A workgroup of Regional and State permitting, enforcement, and 

legal representatives developed these minimum acceptable 

requirements for toxicity permitting based upon national 

experience. These principles are consistent with the toxics 

control approach addressed in the proposed Section 304(1) 

regulation. Regions should use these principles when reviewing 

draft State permits. If the final Section 304(1) regulations 

include changes in this area, we will update these principles as 

necessary. Expanded guidance on the use of these principles will 

be sent out shortly by James Elder, Director of the Office of 




Water Enforcement and Permits. This expanded guidance will 

include sample permit language and permitting/enforcement 

scenarios. 


Concurrent with this issuance of the Basic Permitting 

Principles. I am issuing the Compliance Monitoring and 

Enforcement Strategy for Toxics Control (Attachment 2). This 

Strategy was developed by a workgroup of Regional and State 

enforcement representatives and has undergone an extensive 

comment period. The Strategy presents the Agency's position on 

the integration of toxicity control into the existing National 

Pollutant Discharge Elimination System (NPDES) compliance and 

enforcement program. It delineates the responsibilities of the 

permitted community and the regulatory authority. The Strategy 

describes our currenC efforts in compliance tracking and quality 

assurance of self-monitoring data from the permittees. It 

defines criteria for review and reporting of toxicity violations 

and describes the types of enforcement options available for the 

resolution of permit violations. 


In order to assist you in the management of whole effluent 

toxicity permitting, the items discussed above will join the 1984 

Policy as Appendices to the revised Technical Support Document 

for Water Quality-based Toxics Control. To summarize. these 

materials are the Basic Permitting Principles, sample permit 

language, the concepts illustrated through the permitting and 

enforcement scenarios, and the Enforcement Strategy. I hope 

these additions will provide the needed framework to integrate 

the control of toxicity into the overall NPDES permitting 

program. 


I encourage you and your staff to discuss these documents 

and the 1984 Policy with your States to further their efforts in 

the implementation of EPA's toxics control initiative. 


If you have any questions.on the attached materials, please 

contact James Elder, Director of the Office of Water Enforcement 

and Permits. at (FTS/ZOZ) 475-8488. 


Attachments 


cc: 	 ASWIPCA 

Water Management Division Directors 




-BASIC PERMITTING PRINCIPLES FOR WHOLE EFFLUENT TOXICITY 
1. 	 Permits must be protective of water quality. 


a. 	 ~t a minimum, all major permits and minors of 

concern must be evaluated for potential or known 

toxicity (chronic or acute if more limiting). 


b. 	 Final whole effluent toxicity limits must be 

included in permits where necessary to ensure 

that State Water Quality standards are met. 

These limits must properly account for effluent 

variability, available dilution, and species 

sensitivity. 


. 2. Permits must be written to avoid ambiguity and ensure 
enforceability. 


a. 	Whole effluent toxicity limits must appear in Part I 

of the permit with other effluent limitations. 


b. 	 Permits contain generic re-opener clauses which 

are sufficient to provide permitting authorities 

the means to re-open, modify, or reissue the 

permit where necessary. Re-opener clauses covering 

effluent toxicity will not be included in the 

Special Conditions section of the permit where 

they imply that limit revision will occur based 

on permittee inability to meet the limit. Only

schedules or other special requirements will be 

added to the permit. 


c. 	If the permit includes provisions to increase 
monitoring frequency subsequent to a violation, it 
must be clear that the additional tests only deter- 
mine the continued compliance status with the limit; 
they are @ to verify the original test results. 

d. 	 Toxicity testing species and protocols will be 

accurately referenced/cited in the permit. 


3. 	 Where not in compliance with a whole effluent toxicity 

limit, permittees must be compelled to come into compliance 

with the limit as soon as possible. 


a .  	 ,Compliance dates must be specified. 

b. 	 Permits can contain re uirements for corrective 
S
actions, such as Toxic ty Reduction Evaluations 

(TREs), but corrective actions cannot be delayed 


. 	 pending EPA/State approval of a plan for the 
corrective actions, unless State regulations 
require prior approval. Automatic corrective 
actions subseauent to the effective date of a final 

whole-effluen; toxicity limit will not be included 

in the permit. 




ATTACHMENT 1 


=nation of the Basic Permitting Principles 


The Basic Permitting Principles present the minimum 

acceptable requirements for whole-effluent toxicity permitting. 

They begin with a statement of the goal of whole-effluent 

toxicity limitations and requirements: the protection of water 

quality as established through State numeric and narrative Water 

Quality Standards. The first principle builds on the Technical 

Support Document procedures and the draft Section 304(1) rule. 

requirements for determining potential to violate Water Quality 

Standards. It requires the same factors be considered in setting 

whole-effluenttoxicity based permits limits as are used to 

determine potential Water Quality Standards violations. It 

defines the universe of permittees that should be evaluated for 

potentral violation of Water Quality Stana-ids, ~..d the-*fore 

possible w;~ole-effluent limits, as all majors and minors of 

concern. 


The second permitting principle provides basic guidelines 

for avoiding ambiguities that may surface in permits. Whole-

effluent toxicity limits should be listed in Part I of the permit 

and should be derived and expressed in the same manner as any 

other water quality-based limitations (i.e., Maximum Daily and 

Average Monthly limits as required by Section 122.45(d)). 


In addition, special re-opener clauses aregenerally not 

necessary, and may mistakenly imply that permits may be re-opened 

to revise whole-effluent limits that are violated. This is not 

to imply that special re-opener clauses are never appropriate. 

They may be appropriate in permits issued to facilities that 

currently have no known potential to violate a Water Quality 

Standard; in these cases, the permitting authority may wish to 

stress its authority to-re-open the permit toadd a whole- 

effluent limit in the event monitoring detects toxicity. 


Several permittees have mistakenly proposed to conduct 

additional monitoring subsequent to a violation to "verify" their 

results. It is not possible to verify results with a subsequent 

test whether a new sample or a split-sample which.has been stored 

(and tharefore contains fewer volatiles) is used. For this 

reason, any additional monitoring required in response to a 

violation must be clearly identified as establishing continuing 

compliance status, not verification of the original violation. 




The second principle also deals with the speclfication of 

test species and protocol. Clearly setting out the requirements 

for toxicity testing and analysis is best done by accurately 

referencing EPA's most recent test methods and approved 

equivalent State methods. In this way, requirements which have 

been published can be required in full, and further advances in 

technology and science may be incorporated without lengthy permit 

revisions. 


The third and final permitting principle reinforces the 

responsibility of the permittee to seek timely compliance with 

the requirements of its NPDES permit. Once corrective actions 

have been identified in a TRE, permittees cannot be allowed to 

delay corrective actions necessary to comply with water quality- 

based whole effluent toxicity limitations pending Agency review 

and approval of voluminous reports or plans. Any delay on the 

part of the permittee or its contractors/agents is the 

responsibility of the permittee. 


The final principle was written in recognition of the fact 
that a full-blown TRE may not be necessary to return a permittee 
to compliance in all cases, particularly subsequent to an rnitial 
TRE. As a permittee gains experience and knowledge of the 
operational influences on toxicity, TREs will become less 
important in the day to day control of toxicity and will only be 
required when necessary on a case-specific basis. 



The and 

TOXIO.-Agency's strategy for tracking 

com~liance with and enforcina whole-effluent toxicitv monitorina 

reqiirements, limitation^, -s&edules and reporting riquirements: 


The Strategy delineates the respective responsibilities of 

permittees and permitting autherities to protect water quality 

through the control of whole-affluent toxicity. It establishes 

criteria for the review of compliance data and the quarterly 

reporting of violations to Headquarter0 and the public. The 

Strategy discusses the integration of whole-effluent toxicity 

control into our existing inspection and quality assurance 

efforts. It provides guidelines on the enforcement of whole- 

effluent toxicity requirements. 


The Strategy also addresses the concern many permittees 
share as they face the prospect of new requirements in their 
permit - the fear of indiscriminate penalty assessment for 
violations that they are unable to control. The Strategy 
recognizes enforcement discretion as a means of dealing fairly 
with permittees that are doing everything feasible to protect 
water quality. As indicated in the Strategy, this discretion 
deals solely with the assessment of civil penalties, however, and 

is not an alternative to existing procedures for establishing 

relief from State Water Quality Standards. The Strategy focuses 

on the responsibility of the Agency and authorized States to 

require compliance with Water Quality Standards and thereby 

ensure protection of existing water resources. 




COMPLIANCE MONITORING AND ENFORCEMENT STRATEGY 

FOR TOXICS CONTROL 


I. Background 


Issuance of NPDES permits now emphasizes the control of toxic 

pollutants, by integrating technology and water quality-based 

permit limitations,-best management practices for toxic discharges, 

sludae reauirements. and revisions to the pretreatment implements-
- tion-requirements. These requirements affict all major 
and those minor permittees whose discharges may contribute to 

impairment of the designated use for the receiving stream. The 

goal of permitting is to eliminate toxicity in receiving waters 

that results from industrial and municipal discharges. 


Major industrial and municipal permits will routinely contain 
water quatity-based limits for toxic pollutants and in many cases 
whole effluent toxicity derived from numerical and narrative 
water quality standards. The quality standards to establish NPDES 
permit limits are discussed in the *Policy for the Development of 
Water Quality-based Permit Limits for Toxic Pollutants,* 49FR 9016, 
March 9, 1984. The Technical Support Document for Water Quality- 
based Toxics Control, EPA #440/44 -85032, September, 1985 and the 
Permit Writer's Guide to Water Quality-based Permitting for Toxic 
Pollutants, Office of Water, May, 1987, provide guidance for inter-
preting numerical and narrative standards and developing permit 
limits. 

The Water Quality Act (WOA) of 1987 (PL 100-4, February 4, 

1987) further directs EPA and the States to identify waters that 

require controls for toxic pollutants and develop individual 

control strategies including permit limits to achieve control of 

toxice. The WQA established deadlines, for individual control 

strategies (February 4, 1989) and for compliance with the toxic 

control permit requirements (February 4, 1992). This Strategy 

will support the additional compliance monitoring, tracking, evalu- 

ation, and enforcement of the whole effluent toxicity controls 

that will be needed to meet the requirements of the WQA and EPA's 

policy for rater quality-based permitting. 


It is the goal of the Strategy to assure compliance with 

permit toxicity limits and conditions through compliance inapec- 

tions, compliance reviews, and enforcement. Water quality-based 

limits may include both chemical specific and whole effluent toxi- 

city limits. Previous enforcement guidance (e.g., Enforcement 

Management System for the National Pollutant Discharge Elimination 

System, September, 1986: National Guidance for Oversight of NPDES 

Programs, May, 1987: Guidance for Preparation of Quarterly and 

Semi-Annual Noncompliance Reports, March, 1986) has dealt with 




chemical-specific water quality-based limits. This Strategy will 

focus on whole effluent toxicity limits. Such toxicity limits may 

appear in permits, administrative orders, or judicial orders. 


11. Strategy Principles 


This strategy is based on four principles3 


1) 	Permittees are responsible for attaining, monitoring, 

and maintaining permit compliance and for the quality 

of their data. 


2 )  	 Regulators will evaluate self-monitoring data quality 
to ensure program integrity. 

3) 	 Regulators will assess compliance through inspections, 

audits, discharger data reviews, and other independent 

monitoring or review activities. 


4) 	Regulators will enforce effluent limits and compliance 

schedules to eliminate toxicity. 


111. Primary Implementation Activities 


In order to implement this Strategy fully, the following 

activities are being initiated: 


A. 	 Immediate development 


1. 	 The NPDES Compliance Inspection Manual was 

revised ie Mav 1988 to include orocedures for 
-

performing ch;onic toxicity tesis and evaluating 

toxicity reduction evaluations. An inspector 

training module was also developed in August 

1988 to support inspections for whole effluent 

toxicity. 


2. 	 The Permit Compliance System (the national NPDES 

data base) was modified to allow inclusion 

of toxicity limitations and compliance schedules 

associated with toxicity reduction evaluations. 

The PCS Steering Committee will review standard 

data elements and determine if further modifi- 

cations are necessary. 


3. 	 Compliance review factors (e.g., Technical 

Review Criteria and significant noncompliance 

definitions) are being proposed to evaluate 

violations and appropriate response. 


4. 	A Quality Assurance Fact Sheet has been developed 

(Attached) to review the quality of toxicity test 

results submitted by permittees. 




5. 	 The Enforcement Response Guide in the Enforcement 
Management System will be revised to cover the use 
of administrative penalties and other responses to 
violations of toxicity controls in permits. At 
least four types of permit conditions are being 
examined: (1) whole-effluent toxicity monitoring 
(sampling and analysis), (2) whole effluent 

toxicity-based permit limits, (3) schedules to 

conduct a TRE and achieve compliance with water 

quality-based limits, and (4) reporting requirments. 


B. 	 Begin development in Spring 1989 


With the assistance of the Office of Enforcement aria 

Compliance Monitoring (OECM), special remedies and model forms 

will be developed to address violations of toxicity permit 

limits (i.e.. model consent decrees, model complaints, revised 

penalty policy, model litigation reports, etc.) 


IV. Scope and Implementation of Strategy 


A. 	 Compliance Tracking and Review 


1. 	 Compliance Tracking 


The Permits Compliance System (PCS) will be 

used a8 the primary system for tracking limits and 

monitoring compliance with the conditions in WPDES 

permits. Many new codes for toxicity testing have 

already been entered into PCS. During FY 89, head- 

quarters will provide additional guidance to Regions 

and States on PCS coding to update existing documenta- 

tion. The Water Enforcement Data Base (WENDB) 

requirements as described in the PCS Policy Statement 

already require States and Regions to begin 

incorporating toxicity limits and monitoring information 

into PCS. 


In aadition to guidance on the use of PCS, 

Headquarters has prepared guidance in the form 

of Basic Permitting Principles for Regions and 

States that will provide greater uniformity 

nationally on approaches to toxicity permitting. 

One of the major problems in the tracking and 

enforcement of toxicity limits is that they differ 

greatly from State-to-State and Region-to-Region. 

The Permits Division and Enforcement Division in 

cooperation with the PCB Steering Committee will 

establish standard codes fpr permit limits and 

procedures for reporting toxicity results based on 

this guidance. 




Whole effluent toxicity self-monitoring data 

mhould undergo an appropriate quality review. (See 

attached checklist for suggested toxicity review 

factor..) A11 violations of permit limits for 

toxic. control should be reviewed by a professional 

qualified to assess the noncompliance. Regions and 

States should designate appropriate staff. 


2. Compliance Review 


Any violation of a whole effluent toxicity 
limit is of concern to the regulatory agency and 
should receive an immediate professional review. 
In terms of the Enforcement Management System (EMS), 
any whole effluent violation will have a violation 
review action criterion (VRAC) of 1.0. However, the 
appropriate initial enforcement response may be to 
require additional monitoring and then rapidly 
escalate the response to formal enforcement if the 
noncompliance persists. Where whole effluent 
toxicity is based on a pass-fail permit limitation, 
any failure should be immediately targeted for 
compliance inspection. In some instances, assessment 
of the compliance status will be required through 
issuance of Sedtion 308 letters and 309(a) orders to 
require further toxicity testing. 

Monitoring data which is submitted to fulfill 

a toxicity monitoring requirement in permits that do 

not contain an independently enforceable whole-effluent 

toxicity limitation should also receive immediate 

professional review. 


The burden for testing and biomonitoring is on 

the permittee: however, in some instances, Regions and 

States may choose to respond to violations through 

sampling or performance audit inspections. When an 

inspection conducted in response to a violation identi- 

fies noncompliance, the Region or State should 

initiate a formal enforcement action with a compliance 

schedule, unless remedial action is already required 

in the permit. 


B. Inspections 


EPA/State compliance inspections of all major permittees 

on an annual basis will be maintained. For all facilities 

with water quality-based toxic limits, such inspections should 

include' an appropriate toxic component (numerical and/or 

whole effluent review). Overall the NPDES inspection and 

data quality activities for toxics control should receive 

greater emphasis than in the present inspection strategy. 




1. Regional/State Capability 

The EPA'a .Policy for the Development of Water 
Quality-based Permit Limits for Toxic Pollutants* 
[March 9, 1984 Federal Register) states that EPA 
Regional Administrators will assure that each 
Region has the full capability to conduct water 
quality assessments using both biological and chemi-
cal methods and provide technical assistance to the 
State.. Such capability should also be maintained 
for compliance biomonitoring inspections and toxics 
sampling inspections. This capability should include 
both inspection ant3 laboratory capability. 

2. Use of Nonsampling Inspections 

blonsampling inspections as either compliance 
evaluations (CEIs) or performance audits (PAIs) can 
be used to assess permittee self-monitoring data 
involving whole effluent toxicity limits, TREE, and 
for prioritization of sampling inspections.* A. 
resources permit, PAIs should be used to verify 
biomonitoring capabilities of permittees and 
contractors that provide toxicity testing self-
monitoring data. 

3. Quality Assurance 

All States are encouraged to develop the 
capability for acute and chronic toxicity tests 
with at least one fish and one invertebrate species 
for freshwater and saltwater if appropriate. NPDES 
States should develop the full capability to assess 
compliance with the.permit conditions they establish. 

EPA and NPDES States will assess permittee 
data quality and require that permittees develop 
quality assurance plans. Quality assurance plans 
must be available for examination. The plan should 
include methods and procedures for toxicity testing 
and chemical analysis; collection, culture, mainte-
nance, and disease control procedures for teat 
organisms; and quality assurance practices. The 

Due to resource considerations, it is expected that sampling 
inspections will be limited to Regional/State priorities in 
enforcement and permitting. Routine use of CEIs and PAIs should 
provide the required coverage. 



permittee should also have available quality control 

chart., calibration records, raw test data, and 

culture records. 


In conjunction with the QA plans, EPA will 

evaluate permittee laboratory performance on EPA 

and/or State approved methods. This evaluation is 

an essential part of the Laboratory audit process. 

EPA will rely on inspections and other quality 

assurance measures to maintain data quality. However, 

States may prefer to implement a laboratory certifi- 

cation program consistent with their regulatory 

authorities. Predetermined limits of data accepta- 

bility will need to be established for each test 

condition (acute/chronic), species-by-species. 


C. Toxicity Reduction Evaluations (TREE) 


TREE are systematic investi ations required of permittees 
which combine whole effluent and 3or chemical specific testing 
for toxicity identification and characterization in a planned 
sequence to expeditiously locate the source(s) of toxicity and 
evaluate the effectiveness of pollution control actions and/or 
inplant modifications toward attaining compliance with a permit 
limit. The requirement for a TRE is usually based on a 
finding of whole effluent toxicity as defined in the permit. 
A plan with an implementation schedule is then developed to 
achieve compliance. Investigative approaches include 
causative agent identification and toxicity treatability. 

1. Requiring TRE Plans 


TRE'a can be triggered: 1) whenever there Fa a 

violation of a toxicity limit that prompts enforcement 

action or 2) from a permit condition that calls for a 

toxicity elimination plan within a specified time 

whenever toxicity is found. The enforcement action 

such as a 309(a) administrative order or State 

equivalent, or judicial action then directs the 

permittee to take prescribed steps according to a 

compliance schedule to eliminate the toxicity. This 

schedule should be incorporated into the permit, an 

administrative order, or judicial order and compliance 

with the schedule should be tracked through PCS. 


2. Compliance Determination Pollowup 


Compliance status must be assessed following the 

accomplishment of a TRE plan using the most effi- 

cient and effective methods available. These methods 

include site visits, self-monitoring, and inspections. 




Careful attention to quality assurance will assist in 

minimizing the regulatory burden. The method of 

compliance assessment should be determined on a 

case-by-case basis. 


D. Enforcing Toxic Control Permit Conditions 


Enforcement of toxic controls in permits depends upon a 

clear requirement and the process to resolve the noncompli- 

ance. In addition to directly enforceable whole effluent 

limits (acute and chronic, including absolute pass-fail 

limits), permits have contained several other types of 

toxic control conditions: 1) "free from* provisions, 

2) schedules to initiate corrective actions (such as TREs) 

when toxicity is present, and/or 3) schedules to achieve 

compliance where a limit is not currently attained. 

Additional requirements or schedules may be developed 

through 308 letters, but the specific milestones should be 

incorporated into the permit, administrative order or 

State equivalent mechanism, or judicial order to ensure 

they are enforceable. 


1. The Quarterly Noncompliance Report (QNCR) 


Violations of permit conditions are tracked and 

reported as follows: 


a. Effluent Violations 


Each exceedance of a directly enforceable whole 

effluent toxicity limit is of concern to the 

regulatory agency and, therefore, qualifies 

as meeting the VRAC requiring professional 

review (see section IV.A.2.). 


These violations must be reported on the QNCR 

if the violation is determined through profes- 

sional review to have the potential to have 

caused a water quality impact. 


All QNCR-reportable permit effluent violations 

are considered significant noncompliance (SNC). 


b. schehule Violations 


Compliance schedules to meet new toxic controls 

should be expeditious. Milestones should be 

established to evaluate progress routinely and 

minimize delays. These milestones should be 

tracked and any slippage of 90 days or more 

must be reported on the QNCR. 




The following milestones are considered SNC when 

90 days or more overdue: submit plan/schedule 

to conduct TRE, initiate TRE, submit test results, 

submit implementation plan/schedule (if appro- 

priate), start construction, end construction, 

and attain compliance with permit. 


c. Reporting/Other Violations 


Violation of other toxic control requirements 

(including reports) will be reported using 

criteria that are applied to comparable NPDES 

permit conditions. For example, failure to 

submit a report within 30 days after the due 

date or submittal of an inaccurate or inadequate 

report will be reportable noncompliance (on 

the QNCR). 


Only failure to submit toxicity limit Self- 

monitoring reports or final TRE progress reports 

indicating compliance will be SNC when 30 days 

or more overdue. 


Resolution (bringing into compliance) of all three 

types of permit violations (effluent, schedule, 

and reporting/other) will be through timely and 

appropriate enforcement that is consistent with 

EPA Oversight Guidance. Administering agencies 

are expected to bring violators back into compliance 

or take formal enforcement action against facilities 

that appear on the QNCR and are in SNC: otherwise, 

after two or more quarters the facility must be 

listed on the Exceptions List. 


2. Approaches to Enforcement of Effluent Limitations 


In the case of noncompliance with whole effluent 

toxicity limitations, any formal enforcement action 

will be tailored to the specific violation and remedial 

actions required. In some instances, a Toxicity 

Reduction Evaluation (TRE) may be appropriate. However, 

where directly enforceable toxicity-based limits are 

used, the TRE is not an acceptable enforcement response 

to toxicity noncosiance if it requires only additional 

monitoring without a requirement to determine appropriate 

remedial actions and ultimately compliance with the 

limit. 


If the Regions or States use administrative 

enforcement for violations of toxic requirements, 

such actions should require compliance by a date 

certain, according to a set schedule, and an 




administrative penalty should be c0nsidered.l 
Failure to comply with an Administrative Order 
schedule within 90 days indicates a schedule delay 
that may affect the final compliance date and a 
judicial referral is the normal response. In instances 
where toxicity has been measured in areas with potential 
impacts on human health ( e . g . ,  public water supplies, 
fish/shellfish areas, etc.), regions and states 
should presume in favor of judicial action and seek 
immediate injunctive relief (such as temporary 
restraining order or preliminary injunction). 

In a few highly unusual cases where the permit- 

tee has implemented an exhaustive TRE plan2, applied 

appropriate in£ luent and effluent controls3, maintained 

continued compliance with all other effluent limits, 

compliance schedules, monitoring, and other permit 

requirements, but is still unable to attain or maintain 

compliance with the toxicity-based limits, special 

technical evaluation may be warranted and civil penalty 

relief granted. Solutions in these cases could be 

pursued jointly with expertise from EPA and/or the 

States as well as the permittee. 


Some permittees may be required to perform a 
second TRE subsequent to implementation of remedial 
action. An example of the appropriate use of a 
subsequent TRE is for the correction of new violations 
of whole effluent limitations following a period of 

l~ederal Administrative penalty orders must be linked to violations 

of underlying permit requirements and sched'ules. 


2 ~ e e  Methods for Aquatic Toxicity Identification Evaluations, 
Phase I, Toxicity Characterization Procedures, EPA-60013-88/035, 
Table 1. A n  exhaustive TRE plan covers three areas: causative 
agent identification/toxicity treatability: influent/effluent 
control: and attainment of continued com~liance. A listina of 
EPA protocols for TREs can be found in section V (pages 11-and 
12).. 

3 ~ o r  industrial permittees, the facility must be well-operated 
to achieve all water quality-based, chemical specific, or BAT 
limits, exhibit proper 0 & M and effective BMPs, and control 
toxics through appropriate chemical substitution and treatment. 
For POTW permittees, the facility must be well-operated to 
achieve all water quality-based, chemical specific, or secondary 
limits as appropriate, adequately implement its approved pretreat- 
ment program, develop local limits to control toxicity, and 
implement additiogal treatment. 



sustained compliance (6 months or greater in duration) 

indicating a different problem from that addressed 

in the initial TRE. 


3. 	 Enforcement of Compliance Schedule and Reporting 

Requirements 


In a number of instances, the primary 

requirements in the permits to address toxicity 

will be schedules for adoption and implementation 

of biomonitoring plans, or submission of reports 

verifying TREs or other similar reporting require- 

ments. Regions and States should consider any 

failure (1) to conduct self-monitoring according 

to EPA and State requirements, (2) to meet TRE 

schedules within 90 days, or (3) to submit reports 

within 30 days of the specified deadline as SNC. 

Such violations should receive equivalent enforce- 

ment follow-up as outlined above. 


4. 	 Use of Administrative Orders With Penalties 


In addition to the formal enforcement actions 

to require remedial actions, Regions and States 

should presume that penalty AO's or State equiva- 

lents can be issued for underlying permit violations 

in which a formal enforcement action is appropriate. 

Headquarters will also provide Regions and States 

with guidance and examples as to how the current 

CWA penalty policy can be adjusted. 


5. 	 Enforcement Models and Special Remedies 


OWEP and OECM will develop standard pleadings 

and language for remedial activities and compliance 

milestones to assist Regions an& States in addres- 

sing violations of toxicity or water quality-based 

permit limits. Products will include model litiga- 

tion reports, model complaints and consent decrees, 

and revised penalty policy or penalty algorithm 

and should be completed in early FY 1989. 




V. 	 Summary of Principal Activities and Products 


A. 	 Compliance Tracking and Review guidance 


1. 	 PC8 Coding Guidance - May, 1987: revision 
2nd Quarter 1989 

2. 	 Review Criteria for Self-monitoring Data (draft 
attached) 

B. 	 Inspections and Quality Assurance 


1. 	 Revised NPDES Compliance Inspection Manual -
May 1988. 

2. 	 Quality Assurance Guidance - 3rd Quarter N 1989. 

3 .  	 Biomonitoring Inspection Training Module -
August 1988. 

4. 	Additions of a reference toxicant to DMRQA program -
(to be determined) 

C. 	 Toxics Enforcement 


1. 	 Administrative and Civil Penalty Guidance - 4th 
Quarter N 1989 

2. 	 Model Pleadings and Complaints - 2nd Quarter 1989 

3. 	 EMS Revision - 2nd Quarter FY 1989 

D. 	 Permitting Consistency 


1. 	 Basic Permitting Principles - 2nd Quarter FY 1989 

E. 	 Toxicity Reduction Evaluations 


1. 	 Generalized Methology for Conducting Industrial 
?oxicity Reduction Evaluations - 2nd Quarter 
N 1989 

2. 	 Toxicity Reduction Evaluation Protocol for 

kunicipal Wastewater Treatment Plants - 2nd Quarter 

989 



3. 	 Methods for Aquatic Toxicity Indentification 

Evaluations 


a. 	 Phase I. Toxicity characterization 

Procedures, EPA-600/3-88i034- 

September 1988 


b. 	 Phaee 11. Toxicity Identification 
Procedures, EPA-COO/ 3-@8/035- 
2nd Quarter 1989 

c .  	 Phaia 111. Toxicity confirmation Procedures- 
036 - 2nd Quarter 

FY 1989 







Attachment 

Quality Control Fact Sheet for Self-Biomonitoring 

Acute/Chronic Toxicity Test Data 


Permit No. 

Facility Name 

Facility Location 

Laboratory Investigator 

permit Reauirementr 

Sampling Location Type of Sample 


Limit Test Duration 


Type of Test Test Organism Age 


=st Results 

LCSO/ECSO/NOEC/IC.?S 95 Percent Confidence Interval 

Qualitv Control Sum- 

Date of Sample Dates of Test 

Control Mortality % Control Mean Dry Weight 

Temperature maintained within f t ' C  of test temperature? Yes No 

Dissolved oxygen levels always greater than 40 percent saturation? Yes No 

Loading factor for all exposure chambers less than or equal to maximum allowed for the test type 
and temperature? Yes No 

Do the test results indicate a direct relationship between effluent concentration and response of 
the test organism (i.e., more deaths occur at the highest effluent concentrations)? Yes 
No 









9 , 8 W F.2d 156(O.C. Cir. 1988). 

This consolidated case, which arose from EPA's promulgation of various National Pollutant Discharge 
Elimination System regulations, addresses a multitude of issues. The following paragraphs note issues 
particularly relevant to this document. 

The Court held that EPA has the authority to express permit limitations in terms of toxicity as long as 
the limits reflect the appropriate requirements of the Clean Water Act (CWA), as provided in 40 CFR 
125.3(~)(4). The Court concluded that although toxicity appears to be an attribute of pollutants 
rather than a pollutant itself, the CWA (by means of the broad definition of "poliufant" in section 
502(6)) authorizes the use of toxicity to regulate effluents. 

Industry asked the Court to address several other issues related to setting toxicity limitations (whether 
EPA failed to demonstrate the existence of a reliable methodology for setting toxicity limits and 
whether EPA's use of toxicity to set water quality-based limitations to meet "narrative" State water 
quality standards represents an impermissible trespass on the State's right to set water quality 
standards). However, the Court did not regard these issues to be adequately developed ("ripe") for 
review in this case. 

The Court disagreed with industry's assertions that EPA's 1984 policy statement ("Development of 
Water Quality-Based Permit Limitations for Toxic Pollutantx National Policy," 49 Federal Register 
9016 [March 9, 19841) and draft Technical Support Document ("TSD") were "rules" requiring notice and 
comment under the Administrative Procedure Act, 5 USC 553. The Court noted that informal 
ruiemaking regarding 40 CFR 125.3(~)(4), which was pending between 1980 and 1984, did not limit 
Agency information gathering to the issuance of new or revised notices of proposed rulemaking, and 
the two documents did not have independent legal value. (In other words, the EPA national policy 
and the TSD were not binding norms but general statements of policylguidance.) 

industry also challenged EPA's refusal to provide an affirmative upset defense to noncompliance with 
water quaiity-based limits. The Court indicated that the CWA does not expressly allow such an upset 
defense, and, upon considering the Act's structure and legislative history, it could discern no 
c o n r i o n a i  intent to provide for the defense in water quality permitting. Significantly, in 
reac tng th~sposttton, the Court relied heavily upon the language and legislative history of CWA 
Section 301(b)(l)(C), by which Congress clearly did not relate compliance with water quality-based 
limitations to the capabilities of technology. In the Court's view, "Congress had a deep respect for 
the sanctity of water quality standards and a firm conviction of the need for technology-forcing 
measures." 895 F.2d at 208-09. However, the Court concluded that €PA had acted arbitrarily in 
dismissing the defense as impracticable, and directed EPA to conduct further proceedings on the issue. 

Finally, the Court rejected challenges to EPA's regulations governing State public participation 
requirements and penalty levels. In deciding these issues, the Court noted Congressional desire for 
nationally uniform effluent limitations as reflected in the legislative history of the 1972 CWA. The 
Court stated: 

Uniformity is indeed a recurrent theme in the Act, a direct manifestation of concern that the permit 
program be standardized to avoid the "industrial equivalent of forum shopping" and the creation of 
"pollution havens' by migration of dischargers to areas having lower pollution standards (859 F.2d at 
174 [footnotes omitted] and see accompanying footnotes 17-20 citing various provisions of the 
legislative history of the 1972 W A ) .  





APPENDIX C 

AMBIENT TOXICITYTESTINGAND DATAANALYSIS 





Amblent Toxlcity Analysis 

Ambient toxicity testing procedures are useful where measurement of toxicity levels after discharge is important 
in the assessment of toxic effluent impact. This is particularly true where impact is caused by the presence of 
multiple point sources. The purpose of this testing is to provide an analysis of toxicity levels instream from 
whatwer sources of toxicity are affecting the receiving water. 

Procedures 
The basic ambient toxicity testing procedure is to  expose test organisms to receiving water samples taken from 
selected sampling stations above, at, and below the discharge point(,). Since effluent concentrations after 
discharge are olten relatively low, chronic toxicity tests should be conducted so that the tests are sensitive 
enough for the purpose. 

The methods available for chronic testing of sufficiently short duration are limited. Two organisms for which 
short-term chronic toxicity tesu are available are Pimepholes promelor and Ceriodophnio sp. 

The following procedures are used: . Select instream sampling stations based on the mixing characteristics involved in the specific 
discharge situation. 

Collect a daily grab sample or a daily composite sample of receiving water from each station. 

Use a renewal testing method to expose test organisms to the daily samples collected at each station. 
Use an appropriate number of replicates (10 for Ceriodaphnio) for each sampling station. No dilution 
series is required where screening is the primaty goal. 

Conduct testing at a low-flow period, although it is not necessary to conduct the tests at the critical 
low-flow period. Testing is best when relatively stable flow occurs during the test period. 

Record the results of the testing in the format shown in Table C-1. The survival of the test organisms 
and the effect on their growth or reproduction are used as endpoints. Figure C-1 plots the results in 
graphic form so that the pattern of ambient toxicity can be observed. 



Table C-1. Young Production and Percent Suwlval of Ceriodophnlo in Ambient 
Toxlcity Tests at Ottawa River, Lima, Ohio 

River Young Final Daiiv Survival 
Station Station Description Mile Female 9) Survival 1 2 3 4 5 6 7 

1 Above Lima 46.0 15.5 8.0 90 100 100 100 90 90 90 90 
2 Above STP 37.7 14.1 2.1 0 100 100 100 100 90 10 0 
3 Below STP 37.4 0 - 0 100 100 10 0 0 0 0 

Midway between 

STP and refinery 


Above refinery 

Above chemical plant 

Below chemical plant 

Shawnee Bridge 

Route 11 7 

Allentown 

Rimer 

"Boonie" Station 

Kalida 


Figure C-1. Cerlodophnla Young Production in Water from Various Stream 

Statlons on the Ottawa River, Lima, Ohio 




Salwting Sampling Stations 

The selection of sampling stations is determined by the characteristics of the site. When determining stations, 
consider the foilowing factors: 

Mixing and flow-The mixing characteristics o f  the discharge site are useful to determine the 
placement of sampiing stations. Knowledge of concentration isopleths allows the regulatory 
authority to  place stations at locations instream that correspond to concentrations measured in the 
dilution series in the effluent tests. For example, where effluent testing shows the effluent no 
observed effect concentration is 10 percent, an instream station should be placed where dilution is 
estimated to create a 10-percent instream waste concentration. In this way, the size of a toxic plume 
can be measured. Sampling stations should be placed where the effluents exist at relatively constant 
and relatively specific concentrations. Test at specific low-flow conditions, if possible. Presence of 
tributaries or other sources of diiution will influence positions and numbers of stations. Where 
smaller tributaries have several point sourca on them, treat the tributary as a point source. Obvious 
nonpoint source areas also should be used to set stations. 

Existing biological data-Where b i o s ~ ~ e ydata are available, sampiing station location should be 
influenced by the more obvious trends in impact. In particular, control stations and recovery stations 
can be determined by biosurvey data. 

Single point sources-Single point source situations should be bracketed with an above station, an 
immediate mixing station, several intermediate stations corresponding to  different instream 
concentrations, and a recovery station. Of course, a control station should be established. 

Presence of other point sources-Multiple point source situations require the placement of more 
stations between discharge points. Each source should be bracketed by sampling stations. 

There are four areas or zones that can be recognized when establishing the sampling stations for ambient 
toxicity testing: 

Zone 1-An upstream zone before the effluent enters 

Zone 2-A zone of mixing 

Zone 3-A zone after mixing and before additionai dilution water enters 

Zone 4--A zone where additionai dilution occurs either from effluents or tributaries. 

All possible combinations of occurrences arenot practical to discuss but must be sorted out for each site. Some 
generalizations are important to mention: 

Any upstream sources of contaminants, such as other discharges, will confound the individual effects 
of a downstream discharge. For example, Zone 3 of the downstream discharge may occur in Zone 4 of 
an upstream discharge. This does not invalidate the measurement of ambient toxicity. It oniy makes 
it difficult to attribute amounts of response to each individual discharge. Response to the instream 
mixture is what Is measured. 

Careful location of sampling stations in Zone 3 is critical. Zone 3 is the only place where toxicity 
dewy rates of any one discharger can be measured and then only if there are no upstream discharges, or 
if there are, only if that upstream effluent is stable in that reach. 

In Zone 4, not only is degradation of the effluent toxicity occurring, but there is dilution of it by 
other effluents and tributaries. Depending on the site circumstances, one may not be able to learn 
anything about the ambient toxicity characteristics of the effluent of concern in this zone. 

To emphasize, what can be measured i n  each zone depends on the above considerations. In the more 
complex situation, oniy an estimate of ambient toxicity at each station can be obtained. No 
information about one effluent's toxicity decay rate will be available where several toxic effluents 
mix. In the most simple situation of one discharge and no diiution downstream for a long distance, 
Zone 3 will be large enough to get a good measure of toxicity decay. 



When used in  screening, the ambient toxicity data can identify areas i n  receiving waters where 
ambient toxicity exists instream. Attributing such impact to spcclfic point sources (particularly where 
several sources discharge) may r q u i n  effluent toxkity testing. 

Except when used for scmning purposs, ambient toxicity measurements must be interpreted with 
effluent toxicity test data if conclusions am to be drawn concerning changes in toxic effect after 
discharge. The same species must be used in both the ambient and the effluent toxicity tests. .When analyzing the data, the performance of the animals at each station downstream is  compared to 
that of the animals exposed to receiving water without the effluent of concern in it but containing 
all other upstream additions. The result i s  an integration of effects from all contaminants and 
components and represents not only the toxicity of the effluent of concern but also the interactions 
of it with other effluents. .Where the downstream stations show toxic effect at the concentrations measured as toxic in the 
effluent toxicity tests, effluent toxicity can be considered to be occurring instream, after discharge. . Where the toxic effect decreases from station to station downstream in the absence of further dilution, 
the effluent toxicity i s  degrading. If the decay rate is  rapid (e.9.. no toxicity at the closest instream 
station to the discharge point), the effluent has a nonpersistent toxicity. Where the decay rate is  
more gradual, toxicity i s  more persistent. The rate of decay of toxicity together with mixing data 
allows the regulatory authority to approximate a receiving water toxicity impact area. That impact 
area can then be compared to the appropriate State water quality standards when establishing control 
requirements. 

In some cases, ambient toxicity may increase in relation to effluent toxicity measurements. Either 
upstream sources of toxicity exist or some factor in the receiving water is reacting with the effluent to 
increase its toxicity. Again, the pattern and magnitude of change in toxicity should be analyzed. 
Differences in toxicity levels between stations will reveal what is happening to the effluent as it is 
mixed instream and interacts with the constituents of the receiving water. 

Trend analysis in the raw test data i s  important when interpreting ambient toxicity data. As used in 
this context, trend analysis means observing toxic effect as it occurs in the test itself and relating it 
to what is occurring instream (plug flow, interminent discharge, peak toxicity of effluents). Using 
time-of-travel data or receiving water flow rates and patterns, observe effects on the test organisms 
from day to day. There may be a pattern of mortality that can be linked to discharge events. For 
example, in the table the data indicate late mortality at downstream stations.on Days 6 and 7. Flow 
rates for the river in this example cornlatedthis mortality to the downstream movement of a toxic 
slug illegally discharged upstream 
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DURATIONAND FREQUENCY 

As discussed on pages 7 through 13 of the Guidelines for Deriving Numeric01 Notionol Woler Quality Criteria for 
the Protection of Aquolic Organisms ond Their Uses [I], the format used to exprus water quality criteria for aquatic 
life should take into account toxicoiogicai and practical realities. Because of variation in the flows of the 
effluent and the upstream receiving water as well as variation in the concentrations of pollutants in the 
effluent and In the upstream receiving water, a simple f o m t ,  such as specifying a concentration that must not 
be exceeded at any time or place, is not realistic. Furthermore, such a simple format does not take into account 
the fact that aquatic organisms can tolerate higher concentrations of pollutants for short periods of time than 
they can tolerate throughout a complete life cycle. The format that was selected for expressing water quality 
criteria for aquatic life consists of recommendations concerning concentrations, durations of averaging periods, 
and average frequencies of allowed excursions. Use of this concentration-duration-frequency format allows 
water oualitv criteria for aauatic life to be adeauatelv orotectiive without being as overprotective as would be .~ , 
necessary ifcriteria were e;pnrsed using a simpler forkat. In addition, this format can be applied directly to 
hvdroloqical data and to the flow 01, and concentrations of pollutants in, effluents using both dynamic and . 
sieady-siate modeling 12, 31. 

In aquatic life criteria for both individual chemicals and Whole Effluents, the recommended concentrations are 
the criterion maximum concentration (CMC) and the criterion continuous concentration (CCC). For individual 
chemicals the CMC and CCC are derived using the procedures described by Stephan et al. [I]. & described in 
Chapter 3 of this TSD, the CMC and CCC for Whole Effluents can be specified generically in terms of toxic 
units. Alternatively, for a particular effluent the CMC is specified in terms of an acute toxicity endpoint (ATE), 
which is  either an LC50 or an ECSO, and the CCC is specified in terms of a chronic toxicity endpoint (CTE), 
which is  either a no observed effect concentration (NOEC) or an ICxx. if the LC50, EC50, NOEC, and ICxx, 
were obtained from appropriate toxicity tests conducted on the effluent with sensitive species. 

The CCC is  intended to be the highest concentration that could be maintained indefinitely in a receiving 
water without causing an unacceptable effect on the aquatic community or its uses. Any concentration above 
the CCC, if maintained indefinitely, i s  expected to cause an unacceptable effect. Due to the four sources of 
variation mentioned above. the concentration in the receiving water will not ~- be constant. Because oraanisms 

~ ~ ~~ ~ ~~-~ 

can tolerate hiiher conienirations for short periods of time, i i i s  expected that the concentration of a pollutant 
in a bodv of water can exceed the CCC without causino an unacceutable effect if (a) the magnitudes and the 
duration; of exceedances are appropriately limited a& (b) there'are compensatiig period; of time during 
which the concentration is  below the CCC. These goals are accomplished by specifying a duration of an 
averaging period over which the average concentration should not exceed the CCC. For example, if the 
concentration is  twice the CCC for one-half the specified averaging period, it must be zero for the rest of the 
averaging period if the average concentration is not to exceed the CCC. Thus, both the magnitude and 
duration of an exceedance are limited and there must be a compensating period of time during the averaging 
period when the concentration is  bebw the CCC. Because exceedences are defined to be due to usual variation, 
most exceedences'will be small, with larger exceedances becoming increasingly rare 11, 21. 

Although an exceedance is defined to occur whenever the instantaneous concentration is  above the CCC, an 
excursion is defined to occur only when the average concentration wer the duration of the averaging period is 
above the CCC. It i s  expected that excursions can occur without causing unacceptable effects if (a) the 
frequency of such excursions is  appropriately limited and (b) ail other average concentrations are below the 
CCC. The recommended average frequency of allowed excunions is intended to-appropriately limit the 
frequency of excunions. &cause excursions are the highest average concentrations that occurred due to usual 
variation, all other average concentrations will be less than the CCC. As for exceedances, excursions that are 
defined to be due to usual variation will be small, with larger excursions becoming increasingly rare. The 
duration of the averaging period is intended to limit the Impact of exceedances, whereat the average frequency 
of allowed excursions is  intended to limit the impact of excursions. (Note: The words lexceedance" and 
"excursion" a n  used slightly differently here than in References 1 and 2.) 

Although spiib can impact aquatic communities, they are not considered exceedances or excursions because 
they are not part of the usual variation in the concentrations of pollutants in receiving water. In the Complex 
Effluent Toxicity Testing Program, eight field studies were conducted to evaluate the use of toxicity tests to 
diagnose the cause of biological impact. Ambient toxicity measurements wen  taken o w  a 7-day period. 



During two of thae studies [4, $1 spiils of pollutants resulted in acute toxicity. This suggests that the impacts 
caused by spills might be as important as impacts caused by variation in the compositions and flows of the 
effluent and the receiving water. 

The primary purpose of this appendix is to present the rationale for the recommendations of the U.S. EPA 
concerning duration and frequency In national water quality criteria for aquatic life. The recommended 
duration is based on data from laboratory toxiciv tests, whereas the recommended frequency is based on f ~ l d  
data. With the concurrence of the U.S. €PA, States may adopt site-specific criteria, rather than national criteria, 
in their State standards. Such site-specific criteria may include not only site-specific concentrations, but also 
site-specific, and possibly pollutant-specific, durations of averaging periods and average frequencies of 
allowed excursions. If adequate justification i s  provided, site-specific andlor pollutant-specific 
concentrations, durations, and frequencies may be higher or lower than those given in national water quality 
criterlr for aquatic life. A secondary purpose of this appendix is  to dlscuss rationales that might be used as a 
basis for selecting alternative durations of averaging periods and average frequencies of allowed excursions. 

... 
Duration 

In order for this concentration.durationfrequency format to allow water quality criteria for aquatic life to be 
adequately protective without baing unnecessarily overprotective, the duration of the averaging period must 
allow some exceedances above the CCC without allowing unacceptable effects. Thus, the averaging period 
must appropriately limit the magnitude and duration of exceedances and provide compensating periods of time 
durlng which the concentration is below the CCC. 

Even though only a few tests have compared the effects of a constant concentration with the effects of the 
same average concentration resulting from a fluctuating concentration, nearly all the available comparisons 
have shown that substantial fluctuations result in increased adverse effects [6-161. Thus, the duration of the 
averaging period must be shorter than the duration of the chronic tests on which the CCC is based so that the 
averaging period does not allow substantially more adverse effect than would have been caused by a continuous 
exposure to the same average concentration. Lie-cycletests with species such as mysids and daphnids and early 
life-stage tests with warmwater fishes usually last for 20 to 30 days, whereas life-cycle tests with Ceriodophnids 
usually last for 7 days. If the duration of the averaging period is too short, however, it will not allow any 
meaningful exceedances and will, in effect, defeat the purpose of the concept of the averaglng period. For 
example, because few effluents are monitored more often than once a day, an averaging period of 24 hours 
would effectively mean that for most effluents each individual sample that was above the CCC would be 
considered an excursion. 

For the following reasons, a 4-day averaging period.is. recommended for.application of the CCC in aquatic-life 
criteria for both individual pollutants and Whole Effluentx 

It i s  substantially shorter than the 20- to 30-day duration of most chronic tests and is somewhat 
shorter than the 7-day duration of the Ceriodophnio life-cycletest. 

The results of some chronic tests apparently a n  due to an acute effect on a sensitive life stage that 
occurs a t  some tlme during the test, rather than being caused either long-term stress or long-ten2 .accumulation of the test material in the organisms. Homing an Neihe~sel[I 71 documented one such 
situation, and others are probably the cause of at least some of the acute-chronic ratios that a n  not 
much greater than unity. 

For both endrin and fenvalerate, janrlnen et al. (181 found that a 72-hour exposure caused about the 
same amount of effect on the growth of fathead minnows in early life-stage tests as did a 30-day 
exposure to the same concentration. 

In some life-cycle tests on effluents with Ceriodaphnids, concentrations of effluents that were a 
factor of 1.8 greater than the CCC ouKd  unacceptable effects in 4 or 5 dayr [S, 19, 201. 
It is not so short as to effectively defeat the purpose of the concept of the averaglng period. 

As discussed below, other averaging periods might k . aptable on a sitespecific or pollutant-specific basis. 



lust as the concept of exceedances can be applied to the CCC, it also can be applied to the CMC. k with the 
CCC, the CMC averaging period should be substantially less than the lengths of the tests on which the CMC is 
based, i.e., substantially less than 48 to 96 hours. Because 4. to 8-hour LC50s are about the same as the 96-hour 
LC50 for some materials [21-271, the duration of the averaglng per~odfor the CMC should be k s s  than 4 hours. 
One hour i s  probably an appropriate duration of the averaging period for the CMC because concentrations of 
some materials that are only a factor of two higher than the 96-hour LC50 cause death in one to three hours 
1251. Even when organisms do not die within the Rrst hour or so, it Is not known how many organisms might
have died due to the delayed effects of the short exposure (28-311. If the 1-hour average does not exceed the 
CMC, it i s  unlikely that the concentration of the pollutant in the receiving water can fluctuate rapidly enough 
during the hour to cause additional adverse effect. Thus, it seems inappropriate to apply the CMC to 
instantaneous concentrations. 

With adequate justification, the CMC andlor CCC averaging periods may be increased or decreased on a site. 
s~ecificor wllutant-s~eclficbasis. A ~osslblesite-soecific iustification for increasina the duration of the 
ccc averaging period 'would be that the variation in the conLentration of the pollutant-in the receiving water 
is low. Where variation is  demonanaFd to be consistently low, a longer CMC averaging would be acceptable 
because the magnitudes and durations of exceedances above the CCC would be limited. A possible pollutant-
specific justification for a longer averaglng period would be that the LC50 decreases substantially as the 
length of the exposure Increases. For example, an bhour averaging period might be justified for the CMC if it 
were shown that 24-hour exposures of a variety of sensitive species resulted in 96-hour LCsOs that were 
substantially above the 96-hour LC50s obtained from continuous exposure to a constant concentration for 96 
hours. 

in some situations the duration of the averaging period does not have to be stated explicitly because one can 
be impiicitly defined using an uptake rate and a depuration rate. For example, if i t  i s  known that a specific 
concentration of a.pollutant in the whole body or in a particular tissue of an important aquatic species will 
result in an unacceptable effect on the survival, growth, andlor reproduction of that species, and if applicable 
that species or tissue, the only additional information needed to allow calculation of an excessively high 
estimate of the total maximum daily load from the record of dally flows i s  the aliowed frequency of 
exceedances of the concentration in the aquatic species. Thus, this approach can be used whenever the 
following are available: 

A record of daily flows of the body of water, preferably for more than 10years 

A maximum acceptable concentration in the whole body or in a particular tissue of an aquatic species 

Uptake and depuration rates that are applicable to that pollutant in the whole body or tissue of that 
species 

An allowed frequency of exceedances of the maximum acceptable concentration. 

This approach is likely to be especially useful when an exposure causes delayed effects that are considered 
unacceptable. For example, it might bi found in a test that no fish die during a 2-day exposure of rainbow trout 
to a pollutant but 50 percent of the fish die within 4 weeks of being transferred to clean water, whereas no 
com~arablecontrol fish die. If values are available for the concentration of the Dollutant in the fish at the 
end 'of the 2-day exposure and for the uptake and depuration rates, these data'mM' be used with a flow record 
for a river to determine how often a s~ecifiedconstant dailv i nw t  of the ~ollutantto the river would have 
resulted in exceedances of this concentration and therefore th; debth of rainbbw trout. 

Regardless of what averaging periods are used, exact calculation of the number of excursions would require 
continuous monitoring of the concentration in the receivina water, which is not feasible in most cases. A 
valid alternative woula be to use a statistically designed mocitoring program and a statistical interpretation of 
the measured concentrations. The 1-hour awraaina period for the CMC would imply that the samoles analyzed- - .  
should be 1-hour, composites; the 44ay averaging period would Imply that concentrations in all samples 
obtained within any 4-day period should be averaged, pderably using a time-weighted average. If information 
Is available concerning the discharge pattern of a particular effluent, it might be possible to design a 
monitoring program that is specifically appropriate for that effluent. 



Unless critical species are especially sensitive to particular toxicants, most excursions of criteria should have 
minor Impacts on aquatic communities. Howwer, whereas excursions above the CCC will probably reduce 
growth and reproduction, excursions above the CMC will probably cause death and other were acute effects. 
In addition, special care should be exercised when many outfalls exist in a small segment of a receiving water, 
because If low flow causes an excursion for one discharge, that same low flow will probably also cause 
excursions for other discharges at the same time. Smral "minor" excursions might thus add up to a "major" one. 

Frequency 

The purpose of the average frequency of allowed excursions is  to provide an appropriateXverage period of time 
during which the aquatic community can recover from the effect of an excursion and then function normally for 
a period of time before the next excursion. The average frequency is  intended to ensure that the community i s  
not constantly recovering from effects caused by excursions of aquatic-life criteria. Because most regulated 
discharges are to flowing water (lotic) systems, this discussion will emphasize discharges to rivers and streams 
rather than to lakes, ponds, resewoirs, and estuaries. 

8rnenI Corrldentlom lor Settin# Frequency wit8 mlch EzcMIom of Cri tefb Mey Occur 
Not long ago ecological communities were thought to be largely in equilibrium and their structure and function 
determined primarily by internal interactions between species, such as competition and predation. 
Communities were considered to be analogous to "super-organisms," with close parallels to organisms in their 
response to stress and in *health." Current understanding is that external factors, including disturbances, often 
play a major role in the structure of communities 132. 331. The frequency of disturbance affects a community not 
only by decreasing the fitness of component species, but also by causing a natural selection of species or 
phenotypes having characteristics that allow them to tolerate or even thrive under the disturbance regime. 
Natural disturbances such as floods and droughts are common in lotic systems 1321 and valy in intensity not only 
between headwater streams and large rivers, but also between similar sized lotic communities in different 
climatic regions. Rather than requiring more time to recover from the effects of additional anthropogenic 
disturbances, lotic communities with high natural background disturbance frequencies are actually predisposed 
to recover more rapidly because only species that are able to recolonize and reproduce quickly, or perhaps to 
avoid disturbances, can persist there [34-371. This does not imply that they also are more resistant to novel 
anthropogenic disturbances with which they have had no previous evolutionary experience; it only implies that 
they are predisposed to recover quickly once the disturbance is  gone. The question then is how frequently can 
aquatic communities experience these additional disturbances (excursions of criteria) without being 
unacceptably affected. 

In an extensive review of the published literature, Niemi et al. 138) reviewed the published literature and 
identified more than 150 case studies of freshwater systems in which some aspect of recovery from the impact of 
a disturbance was reported. A case study was used only if the disturbance caused a death or displacement of 
organisms. This restriction was necessary because it was rarely possible to determine if an event was outside the 
normal intensity range (a common alternate definition of disturbance), mainly because it i s  usually difficult to 
define the normal intensity range. It also permitted the inclusion of natural as well as anthropogenic events. 
Approximately 80 percent of these systems were lotic, and the remainder were lentic (lakes and ponds). The 
impacts were due to such disturbances as persistent and nonpersistent chemicals, logging, flooding, 
channelization, dredging,, and drought. Reported endpoints for recovery were sparse for phytoplankton, 
periphyton, and macrophytes, but were numerous for macroinvertebrates and fishes. Because more than one 
recovery endpoint was reported for most studies, the number of endpoints greatly exceeded the number of case 
studies: or short-term (nonpersistent) disturbances, approximately 85 percent of al l  macroinvertebrate 
endpoints indicated recovery in less than 2 years. Macroinvertebrate biomass, density, and taxonomic richness 
recovered in less than 1 yeir for approximately 95 percent of reported endpoints. Dipterans (flies, mosquitos, 
midges, etc.), which generally have short generation times or high dispersal ability, recovered most rapidly, 
whereas stoneflies and caddisflies recovered least rapidly. Fishes recovered in 2 years or less for over 85 percent 
of reported endpoints. However, as discussed below, important exceptions did occur. 

Most excursions of criteria will be minor and their impactr will therefore be difficult to detect. Although most 
disturbances In the above case studies caused more swere impacts than most criteria excursions are expected to 



cause, CMC excursions will result in death of home organisms. These data indicate that as a general rule, the 
purpose of the average frequency of allowed excursions will be achieved if the frequency is set at once every 3 
years on the average. Excursions of the CCC are more difficult to evaluate because nonkthal excursions could 
not be evaluated from the data used by Niemi et al. 13.91. It b reasonable to expect, however, that cumulative 
effects from too frequent excursion of the CCC also will result in unacceptable degradation of lotic 
communities. 

Con#lder.tlons for Proparln~ Sllr-weclflc 1~~ or Dem8ses In the A m 8  FnlrraCv al Al lond  
Eroufrlons 
~lthoughan average frequency of one criterion excursion every 3 years should usually be protective of lotic 
communities, more frequent excursions might be acceptable in certain situations. Sedell et at. 1391 have shown 
that lotic systems with refugia (areas of refuge) such as well-developed riparian zones, connected flood plains 
and meanders, snags, etc., recover more rapidly from disturbances than segments without such refugia, because 
organisms are better able to avoid disturbances and return or repopulate. However, many of thew refugia are 
likely to be most restricted and vulnerable during the low-flow periods when criteria excursions also are most 
likelv to occur. Evidence of action to preserve refuoia, oarticularlv during low-flow periods, or to create or 
restore them, might be grounds for dcrnonslrating thaian ixcunion IrequenG of more than once every 3 years on 
the averaae i s  accedable. Schlosser I361 found that lower-order (i.e., headwater) streams, because of their 
natural h6h variability, contain communities consisting of species that have short life cycles and/or high 
dispersal ability and can recover from major disturbances in a year or even less. Thus, many lower-order streams, 
particularly those for which refugia are available, may be able to tolerate somewhat higher excursion 
frequencies, unless other considerations are important. For example, discharges to lower-order streams sometimes 
constitute a large fraction of the stream flow for most of the year. 

Although lower-order streams are naturally highly variable and can therefore tolerate higher disturbance 
frequencies, the converse is true for higher-order lotic streams for at least two partially related reasons: (1) 
segments with tributaries draining a large watershed will be buffered from the effects of localized droughts in a 
portion of the watershed, and will therefore experience a less severe natural disturbance regime, and (2) 
organisms inhabiting these segmnts will therefore not be adapted to disturbances that are as frequent or severe 
as those in lower-order segments. Fish in particular will be larger and have longer generation times in larger 
streams and rivers. Consequently, it will take longer for these populations to reproduce and regain 
predisturbance densities and size class distributions. Schlosser (361 suggests that, based on such life-history 
characteristics, fish communities in larger rivers might take 20 to 25 yean to re-establish the predisturbance age 
and size structure of their component populations after a severe disturbance such as a major drought or spill. 

Extreme cases in which recovery has taken much longer than 3 years usually involve spills of persistent 
chemicals or severe habitat modification, such as stream channelization or clear-cutting of a watershed (3.91. If 
the chemical contaminant is not widespread, recovery is  limited primarily by the rate of disappearance of the 
chemical rather than by strictly ecological processes. Widespread contamination can affect recovery by 
increasing the distance over which recolonizers must travel. Watershed clear-cutting reduces the input of 
organic matter that provides the food base of streams in forested watersheds and also provides woody debris 
and snags that serve as refugia. channelization and dredging reduce the in-stream habitat diversity and thereby 
decrease refugia. In addition to these anthropogenic disturbances, multiple excursions during a drought, due to 
low-flow conditions, can result in a severe cumulative impact on sensitive species even if the individual 
excursions are small. Special measures, such as plant shutdowns, might be required in extreme cases. Finally, 
severe chemical spills, which cannot be regulated but which will occur in any highly industtiaiized river 
segment, will affect aquatic life over a large area. If maintenance of long-lived fish species in these segments 
is desired, recovery periods up to 25 years may be necessary. 

Based on the above considerations, recovery periods longer than 3 years may be necessary after multiple minor 
excursions or after a single major excursion or spill during a low-flow period in medium-to-large rivers, and up 
to 25 years where long-lived fish species are to be protected. Even longer times may be necessary as the size of 
the affected area or the persistence of the pollutant increases. 



Calculation of -Inn Condltlons 

The use of aquatic-life criteria for developing water quality-based permit limits and for designing waste 
treatment facilities requires the selection of an appropriate wasteload allocation model. Dynamic models are 
preferred for the application of aquatic-life criteria in order to make best use of the specified concentrations, 
durations, and frequencies. If dynamic models cannot be used, then an alternative is steady-state modeling. 
Because steady-state modeling is based on various simplifying assumptions, it is less complex, and might be 
less realistic, than dynamic modeling. 

An important step in the appiicatlon of steady-state modeling to streams is calculating the design flow. The 
orocedures outlined in the EPA document Technic01 Guidance Manuol for Perlorming Waste l w d  AIk€otion. Book 6. 
besign Conditions: Chapter 1, Steam Design Flow for Steady-State Modeling. (US. EPA 1986) are recommended for 
calculating design flows for rivers and streams. States may use other methods so long as the methods are 
technically defensible. The document discusses and recommends two methods for determining design flows, 
the hydrologically based method and the biologically bared method, and the flows that should be used for the 
CCC and CMC for both methods. 

The hydrologically based design flow method is  presently used by many States. It i s  based on selecting and 
identifying an extreme value, e.g., the 7910 flow. The underlying assumption of this method is  that the 
design flow will occur X number of times in Y years. Thus, this method limits the number of years in which one 
or more excursions below the design flow can occur. The method has two advantages: (1) the Iog-Pearson Type 
Ill flow estimating technique or other extreme value analytical techniques that are used to calculate flow 
statistics from daily flow data are consistent with past engineering and statistical practice, and (2) the U.S. 
Geological Suwey provides technical support for this method. The disadvantage o i  this method is  that it i s  
essentially independent of biological considerations. Design flows calculated using this method might aiiow 
more or fewer excursions than once every 3 years on the average. In addition, it i s  difficult to use site-specific 
durations and frequencies wlth this 'method. For toxic wasteload allocation studies in which the 
hydrologically based method is used, EPA recommends the use of the 1910 flow as the design flow for the 
CMC and the 741 0 as the design flow for the CCC. 

The biologically based design flow method was developed by the U.S. EPA Office of Research and 
Development and directly uses the averaging periods and frequencies specified in the aquatic-life water quality 
criteria for individual pollutants and Whole Effluents for determining design flows. The method is  an 
empirical iterative convergence procedure that includes the calculation of harmonic means of the flow to 
determine the total number of excursions. The method makes exact use of whatever duration and frequency are 
specified for the CMC and CCC. These might be 1 day and 3 years for the CMC and 4 days and 3 years for the 
CCC or site-specific durations and frequencies. 

The two methods were qKd on approximately 60 different rivers to compare the hydrologically based lQlO and 
7010 desian flows with the bioioaicallv based 1-davl3-year and 4-day/)-year desisn flows. For most of the 
rivers the ~ydrologically based desiGn flows resulted iimare than the ailowid numb& of excursions. For some 
of the rivers, the 1410 and 7910 allowed substantially more or fewer excursions than the intended number of 
excursions. Because the biologically based method calculates the design flow directly from the national or 
site-specific duration and frequency, i t  always provides the maximum allowed number of excursions and never 
provides more excursions than allow+. 

EPA provides software tools to calculate both types of design flows via the STORET environment on its NCC- 
IBM mainframe. Biologically based design flows can be calculated using the program DFLOW 1401. The 
hydrologically based design flows can be calculated using FLOSTAT or DFLOW; the latter uses a simplified 
version of the log-Pearson Type Ill method. Both programs access the STORET Flow file that contains daily 
flow records for U.S. Geological Suwey gaging stations. They are easy to use and the user simply needs to know 



the identification number of the gaging station. To obtain further information on the STORET environment 
and the programs, contact: 

Mr. Thomas Pandolfi 
U.S. Environmental Protection Agency 

Office of Water Regulations and Standards WH-553) 

401 M Street. S.W. 

Washington, D.C. 20460 

(202) 382-7030 

The methods described above use daily flow data to determine design flow, but they do not consider any other 
physical or chemical condition that might affect toxicity. EPA has prepared a supplementary method and a 
software tool named DESCON that incorporate such supplemental water quality parameters as temperature, pH, 
alkalinitv. hardness. and dissolved oxvaen to determine desian conditions. Note that DESCON takes into 
accounisuch things as effluent variabil;<, which DFLOW does not take into account. The method and sottware 
are described in two documcnb available 4rom the Awrsment and Watershed hotection Division of the Mice 
of Water Regulations and Standards-Technical Guidance on Supp,ememory Streom Design Conditions tor Steody 
Stote Modeling 131 and DESCON Users Monuol[40]. 

The supplementary method is  consistent with the hydrologically and biologically based methods described 
above. It simply extends them to include other conditions besides streamflow. The advantage of considering 
multiple conditions i s  that the worst-case conditions necesrary to protect water quality criteria might not occur 
when the streamflow is low; e.g., low DO or high temperatures might occur at times other than when the flow is 
low. 

This supplementary .method can be used for five pollutant categories with the physical-chemical parameters 
described above. The pollutant categories are general toxicant, ammonia, heavy metals (Cd, ~ r + 3 ,  Cu, Pb, Ni, 
Zn), pentachlorophenol, and ultimate oxygen demand. 

The software tool to facilitate this method i s  called DESCON. It i s  on EPA's IBM mainframe and is  available 
through the STORET environment. DESCON accesses the STORET flow file for the daily flow record and the 
water quality file for data on the physical-chemical parameters. Options are available to the user if the area of 
concern has no flow record or if no water quality data are available. 
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LOGNORMAL 	 AND PERMITDISTRIBUTION LIMIT 

DERIVATIONS 


introduction 

This appendix provides supporting information for the statistical methodology used in permit limit 
calculations. The methodology described in this appendix applies to many types of data including data that 
are used to develop both technology-based and water quality-based permit limits. The appendix Is divided 
into two sections. The first section gives an overview of permit limitx the derivation of water quality-based 
limits and the consistency among different permit limits. The second section describes the statistical 
methodology for the normal distribution, the lognormal distribution, the delta-lognormal distribution, 
methods of checking distributional assumptions, and correlation. This section also provides guidance on the 
application of each distribution to permit limits. Tables E-1, €2,and E-3at the end of the appendix summarire 
the permit limit calculations. This appendix describes the statistical methodology for three distributions that 
are often used in determining permit limits. Other distributions can be used, and this topic is discussed in the 
subsection, Other Distributions. 

Section 1: Overview of Permit Limits 

Two types of permit limits are contained in the effluent guidelines regulations: daily maximum limits and 
monthly average limits. The daily maximum permit limit i s  the maximum allowable value for any daily sample. 
The daily maximum limits are usually based on the 99th percentile of the distribution of daily measurements. 

, 	 The monthly average permit limit is  the maximum allowable value for the average of all daily samples obtained 
during 1 month. Monthly average limits are in most cases based on the 95th percentile of the distribution of 
averages of daily values. 

The following. two subsections discuss the derivation of water quality-based limits and the consistency among 
different permit limits. 

Dwl~atton of Watet 0uaIItV.bmed LlmIts 
Water quality-based limits are derived from the required treatment system performance necessary to comply with 
the wasteload allocation (WLA). Technology-based effluent limits are derived from treatment system 
performance. The mathematical expressions for water quality-based limits are the same as those for technology- 
based effluent limits; the major difference is that the means and standard deviations in those expressions are 
derived from the WIA. This topic is discussed in Chapter 5. 

ConsIsfancy Among Dlffennt PemIt Limits 
The current Technical Support Document for Water Quality-based Toxics Control (TSD) procedures provide 
consistency among different permit limits. The stringency of permit limits is independent of monitoring 
frequency and is determined entirely by the WLA and permit limit derivation procedures. The daily maximum 
limit i s  constant regardless of monitoring frequency. The numerical value of the monthly average limit 
decreases as monitoring frequency increases only because averages become less variable as the number of values 
included in the average increases. For example, an average based on 10 samples is less variable than an average 
based on 4 samples. This phenomenon makes monthly average permit limits based on 10 samples appear to be 
more stringent than the monthly limit based on 4 samples. A permittee ,performing according to the WLA 
specifications will in fact be equally capable of meeting either of these monthly average limits when taking 
the corresponding number of samples. The stringency of the TSD procedures, accordingly, is constant across 
monitoring frequencies. 



Section 2: Statlstlcal Methodology 

The statistical procedures that are used in permit limit development involve fitting distributions to effluent 
data, The estimated upper percentiles of the distributions form the basis of the limits. This section describes 
the statistical methodology applied to permit limits in the following subsections: the normal distribution, the 
lognormal distribution, the delta-lognormal distribution, methods of checking distributional assumptions, and 
correlation. Before discussing these topics several definitions are made for notation, assumptions, coefficients 
of variation, and variability factors. 

Notrtlon 
In the calculations in this appendix, natural logarithms (i.e., logarithms to the base e), denoted by ln(x), are 
used. The calculations can be modified to use logarithms to the base 10 by replacing loglO(x) for ln(x) in the 
formulas. 

.-. 
Assurnptlons 
The distribution fitting methods assume that the daily measurements are independent, uncorrelated 
observations. 

The fundamental assumptions underlying the discussion on calculating limits are: 

. Daily pollutant measurements are approximately lognormally distributed for values above the 
detection limit 

Maximum n-day monthly averages for n s 10 are approximately lognormally distributed above the 
detection limit 

Maximum n-day monthly averages for n > 10 are normally distributed. 

Recommendation of the use of the lognormal distribution for daily pollutant measurements is  based on 
practical rather than theoretical consideration. Usually environmental data sets possess the basic lognormal 
characteristics of positive values and positive skewness. In addition, the lognormal distribution is flexible 
enough to model a range of nearly symmetric data. Furthermore, in comparison to other positive valued, 
positively skewed distributions that could be used to model environmental data, the lognormal is relatively 
easy to use. 

When lognormal data are log transformed; the properties the nonap dirtribution apply to the transformed 
data. The section on statistical methodology describes the properties of the normal distribution and its 
relationship to the lognormal distribution. The delta-lognormal distribution is  a generalization of the 
lognormal distribution and may be used to model data that are a mixture of non-detect measurements with 
measurements that are lognormally distributed. In delta-lognormal procedures, nondetect values are weighted 
in proportion to their occurrence in the data. 

In determining permit limits based on averages (e.g., monthly average permit limits), a distribution shouid be 
used that approximates the distribution of an average of pollutant measurements. The lognormal distribution 
can be used for approximating the distribution of averages for small sample sizes where the individual 
measurements are approximately lognormally distributed. For larger sample sizes, a powerful statistical result, 
called the Central Limit Theorem, provides theoretical support for determining limits based on averages of 
individual measurements. According to the Central Limit Theorem, when the sample size n is large enough, the 
average of the n sample values will be approximately normally distributed regardless of the distribution of the 
individual measurements. The section on statistical methodology provides procedures and guidance for 
calculating averages 40r both small and large samples sizes where the individual measurements are lognormally 
distributed. 



The shape of the observed data is the key factor in evaluating a distributional model. For environmental data 
the lognormal distribution is  usually appropriate. The critical question in a given situation is how well a 
particular distribution models the shape of observed data. Although the lognormal does not provide an exact 
fit in all cases, it usually provider an appropriate and functional fit to observed environmental data. Graphical 
displays and goodness-of-fit tests, as described in the subsection, Other Distributions, may be used as a guide In 
verifying assumptions and selecting a distribution. 

~ ~ c ~ ~ a t rof ~ u k t ~ o n  
The coefficient of variation (denoted by 'CV") is the ratio of the standard deviation to the mean. Thus, the CV 
is a dimensionless measure of the relative variability of a distribution. Estimates of the CV can be used when 
the actual CV cannot be calculated or if the available data sets for calculating the CV a n  small. In such cases, 
different values for the CV should be used in the permit calculations to assess the effect of the CV on the final 
permit limit. Typical values of the CV for effluent data usually range from 0.2 to 1.2. The CV is a measure of 
the relative variation in observed data. In many cases, changes in the CV will have little impact on the final 
permit limit. In assessing the sensitivity of the permit limit to the CV, the calculations may include CV = 0.6 
as a conservative estimate (assumes relatively high variability). If the final permit values vary greatly with 
different CV values either of two approaches may be used. The first approach is  to use a conservative estimate 
of the CV that assumes relatively high variability (e.g., CV = 0.6) in the final permit limit. The second 
approach is to collect additional data to obtain a more definitive value for the CV. 

V8rl8blllty Facton 
An important component of the process used by the Environmental Protection Agency (EPA) for developing 
technology-based limits are variability factors. The variability factor is the ratio of a large concentration level 
of a pollutant to the average level determined from that particular plant. The ratio expresses the relationship 
between the average treatment performance lwei and large values that would be expected to occur only on rare 
occasions in a well-designed and operated treatment system. Such factors are useful in situations where little 
data are available to characterize the long-term performance of a plant. 

In cases where only a small number of obxrvations are available from a plant, EPA has been reluctant to 
estimate a variability factor. In the Organic Chemicals, Plastics. and Synthetic Fibers (OCPSF) rulemaking [I], a 
minimum of seven daily observations from a plant, with at least three of the seven above the detection limit, 
was established for calculation of a piant level priority pollutant variability factor. However, EPA has not 
established a minimum number of observations required for calculating variability factors for all pollutants in 
ail industries. 

The calculations for variability factors for the daily maximum and the monthly average are included in the 
discussion of the different distributions below. 

Normal Dlstrlbutlon 

The normal distribution plays a central role In the methods described in this appendix. In most cases, the 
normal distribution is  not an appropriate model for individual pollutant measurements; however, the normal 
distribution is related to the lognormal distribution that is used to establish many permit limits. In most cases, 
the simple logarithmic transformation of effluent and water quality data results in data distributions that are 
normaliy distributed. Such data are referred to as k i n g  lognormally distributed. When lognormal data are log 
transformed, the properties of the normal distribution apply to the transformed data. Since the normal and 
lognormal distributions are related in a straightforward manner, the methods of analysis for normal and 
lognormal data also are easily related. The normal distribution is described below and is followed by a 
discussion of the lognormal distribution and its relationship to the normal distrlbution. 



Figure E-1. Normal Probability Dlstributlon 

The normal probability distribution is encountered in a number of applications. The bell-shaped curve of the 
normal distribution is shown above in Figure E-1. Excellent introductions and reviews of the normal 
distribution are found in numerous statistical, engineering, and scientific texts, as for example in Reference 2. 
Only a brief review is given here. 

A sample of independent observations, denoted by xl, x2, ...,xk, from a normally distributed population can be 

used to estimate the mean, )(,and variance, 0 2 s  according to the formulas below. 

fi = estimated mean 

= Zfxi] 1k, 1 S i S k


a2 = estimated variance 

= g ( x i  - G)2] I(k - I),1 2 i 5 k 


6 = estimated standard deviation 

= (62)1/2 


ĉ v = estimated coefficient of variation 

= e l f i  

The characteristics of the normal distribution are the range is defined for positive and negative values, and the 
frequency curve is  bell-shaped and symmetric about the mean. In most cases, the normal distribution is  not an 
appropriate model for the distribution of individual pollutant measurements. Environmental data rarely are 
symmetric, which is  a fundamental property of the normal distribution. In addition, the normal distribution is  
defined over a range that includes negative values while pollutant measurements are restricted to nonnegative 
values. Thus, fitting a data set to a normal distribution allows for the possibility, however small, of observing 
negative values. The lognormal distribution, or any positive valued distribution, i s  not defined for negative 
values and thus avoids assigning any probability to negative values. 

D8l l~  Maxlmum p8flIlt Ll#lltS B8Wd on th8 Mom1 Dl#trlb~tI01) 
For data sets which have the characteristics of the normal distribution, the daily maximum permit limits can be 
calculated. The upper percentile daily maximum permit limits for the normal distribution are calculated using 
the quantity zp, the standardized Z-score for the pth percentile of the standardized normal distribution (i.e., 
normal distribution with mean = 0, and variance = 1). For example, the 2-score for the 95th percentile i s  1.645. 
Z-scores are listed in tables for the normal distribution (in most statistical textbooks and references). The pth 
percentile daily maximum limit is estimated by: 

k P  	= pth percentile daily maximum limit 

= fi + zP 8. 




For example: 

k . 9 ~ 	= 95th percentile daily maximum limit 


= fi + 1.645 

k . 9  	= 99th percentile daily maximum limit 


= fi + 2.326 


Note: 

The daily variability factors (denoted by VF1) are estimated by: 

Daily maximum 95th percentile VF1 = k . 9 ~/ fi 

Daily maximum 99th percentile VF1 = k.99 Ifi 

Monthly Average Permlt LlmIts Based on the lYomI DIslrIbntlon 
The normal distribution can be used to model the averages of the individual measurements for a wide range of 
circumstances. Although the normal distribution usually i s  not an appropriate model for individual pollutant 
measurements, the averages of those individual measurements can often be modeled by the normal distribution. 
This subsect~on explains the theory behind using the normal distribution for averages and provides the general 
formulas. 

A powerful statistical result, called the Central Limit Theorem, provides theoretical support for determining 
l~mits based on averages of individual measurements. According to the Central Limit Theorem, when the 
sample size n is  large enough, the average of the n sample values will be approximately normally distributed 
regardless of the distribution of the individual measurements. In determining permit limits, the calculations 
incorporate the number of samples that will be required for monitoring purposes during the specified time 
period (usually a month). For the purposes of permit writing, monitoring sample sizes greater than 10 are 
recommended to be sufficiently "large enough" to assume the sample average is  approximately normally 
distributed. The above formulas can be modified for finding the estimated mean and variance for the average 
from a sample of size n (e.g., for 14-day monthly average, n = 14 samples during the month for monitoring 

2
purposes). The parameters pn and on denote the mean and variance, respectively, of the distribution of the 

average of n values. The estimates of the n-day average and the variance of the n-day average are denoted by 
.Zfinand an, respectively. 

fi = estimated mean of distribution of X 
b2 = estimated variance of distribution of X 
fin = mean of distribution of the n-day monthly average 

= ,I 

.2 

an = variance of distribution of the n-day monthly average 

= b 2 / n  

bn = standard deviation 


2 
= (8,)112 

c?, = cqefficient of variation 

= bnIfin, 



The upper percentile limits are: 

= pth percentile n-day monthly average limit 

= ~P,,+z,,~,, 

where zp i s  the pth percentage point of the standard normal distribution. 

For example: 

= 95th percentile n-day monthly average limit 

= fin + 1.645 8, 
k.gg = 99th percentile n-day monthly average limit 

= fin+ 2.326 6, 

Note: 

The monthly average variability factors (denoted by VFn) are estimated by: 

Monthly average 95th percentile VF, = k . 5  I fi 
Monthly average 99th percentile VF, = k,99 I fi 

' 	The above discussion of the normal distribution can be modified for data from the lognormal distribution. The 
next subsection explains the modifications. 

Lognormal Distribution 

Experience has shown that daily pollutant discharges are generally lognormally distributed. The distributional 
fit of the data varies somewhat from application to application, but not enough to alter the conclusion that 
effluent pollutant discharges are generally lognormally distributed. Ambient water quality data also are often 
lognormally distributed. Figure E-2 displays the positively skewed shape of the lognormal distribution. 

The distribution fitting methods assume that the daily measurements are independent, uncorrelated 
observations. Although, in general, this assumption is not satisfied exactly, the lognormal distribution has 
been used in the effluent guidelines program primarily because i t  consistently provides a reasonably good fit to 
observed effluent data distributions. Figure E-3 shows the lognormal distribution applied to data used in the 
development of the OCPSF effluent guidelines regulation [I]. 
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The logarithmic transformation of the random variable X, Y = In(X) results in a random variable Y that is 
normally distributed. Therefore, the analysis procedures for analyzing lognormal data are similar to those for 
the normal distribution. The mean and variance from the normal distribution of the random variable Y are ay, 

and a respectively. These parameters can be estimated by: 

by = Z(Y~)l k 

and 


.2

oY = Z[(Vi - fi)2] I(k - I),respectively 

where 

y i  = In(xi) for i=1,2, ...k. 


When data are lognormally distributed, these values from the normal distribution can then be used to calculate 
the mean, variance, and coefficient of variation for the random variable X that is lognormally distributed. The 
mean, variance, and coefficient of variation of the random variable X may be estimated by &x), V(X), and 

ĉ v(X), respectively. 

k ( ~ )= daily average 

= exp( by + hy2 
12) 

V(X) = variance 

.2 .2 


= exp(2 by + oy 12) [exp(oy) - 1I 

c^v(X) = coefficient of variation 

.2 


= [exp(oy) - 11112. 

08lly Maximum P m l t  Llmlts B m d  on the Lognormal Olstrlbutlon 
The upper percentile limits for the random variable X (which is lognormally distributed) are: 

k.p = pth percentile daily maximum limit 

= e x p [ b  + zp B$ 
where zp is the pth percentage point of the standard normal distribution. 

For example: 

k.95 	= 95th percentile daily maximum limit 

= exp[ by + 1.645 hY] 


k.g9 	= 99th percentile daily maximum limit 


= exp[ & + 2.326 hy]. 


Note: 



The daily maximum variability factors (denoted by VF1) are estimated by: 

Daily maximum 95th percentile VFI = k.95 1 E(x) 

Daily maximum 99th percentile VF1 = k,99/ &x). 

Monthly Avmga Pafmlt LlmItr l k w d  on Ma Lognonntl DIsbIbutIoa 
This subsection contains the formulas required to approximate the distribution of the average of a small number 
of lognormally distributed values with another lognormal distribution. Although, the Central Limit Theorem 
holds that the average of a sample of independent measurements is  normally distributed provided that the 
number of measurements, n, i s  sufficiently large, the minimum value for n required in specific cases may vary 
considerably. In cases where the individual values are lognormally distributed, the minimum required for the 
average to be normally distributed may be quite large. As a consequence, the distribution of the average of a 
small number of lognormally distributed values may be better approximated by another, related lognormal 
distribution [3]. For sample sizes larger than 10 when the data are lognormally distributed, it is recommended 
that the calculations given in Table E-3 should be used. For the purposes of .permit writing, monitoring sample 
sizes of 10 or less are recommended to be "small enough" to assume the sample average is approximately 
lognormally distributed. The mean, variance, and coefficient of variation of the distribution of the average of 

n daily values are bw g,and&, estimated by: 

r L 
an 	 = variance 

= I n  (V(X) I[n[k(x)l21+ 1)

in= n-day monthly average 


6, = standard deviation 

2 
= (&,)lI2 

c^vn = coefficient of variation 

"2  


= [exp(on) - 111/2 

where 

The upper percentile limits of the maximum n-day monthly average are: 

k.p 	 = pth percentile n-day monthly average limit 

= exp[ c, + zp bn] 


where zp is the pth percentage point of the standard normal distribution. 

For example: 

k.95 	= 95th percentile n-day monthly average limit 


= exp[ in
+ 1.645 B,] 
k.99 	= 99th percentile n-day monthly average limit 


= exp[ in
+ 2.326 an] 



Note: 

The variability factors are: 

Monthly average 95th percentile VFn = (t.95 / fin 
Monthly average 99th percentile VFn = 2.99 / iin. 

Delta-Lognormal Dictrlbutlon 

The delta-lognormal distribution-is a generalization of the lognormal distribution. The delta-lognormal 
distribution may be used when the data contain a mixture of nondetect values and values above the detection 
limit and can be used to model nondetects in water quality-based limits. In delta-lognormal procedures, 
nondetect values are weighted in proportion to their occurrence in the data. The values above the detection 
limit are assumed to be lognormally distributed values. The delta-lognormal distribution can be used in setting 
daily maximum limits and for setting limits on monthly averages with the recommended number of monitoring 
samples being 10 or less. 

The delta-lognormal distribution models data as the tombination of two distributions: the lognormal 
distribution and a distribution with discrete probability of obtaining 0bSe~ationS at or below the detection 
limit. The lognormal distribution models the observations above the detection limit. The nondetect values 
are modeled by the distribution with discrete probability of obtaining observations at or below the detection 
limit. The organic priority pollutant data set shown in Figure E-4 contains a number of observations that were 
reported as "nondetect." These detection limit measurements are observations that are censored at the detection 
limit and are represented by the left-most bar in the histogram. Data sets of this form are fairly typical of 
organic chemicals in wastewater. The delta-lognormal distribution often provides an appropriate and 
computationally convenient model for analyzing such data. 

The estimation procedure for the delta-lognormal distribution assumes that a certain proportion, S, of values are 
at the detection limit, which is denoted by D. (The estimation procedure when D = 0 is detailed in Reference 4. 
These values set to D are observations that can only by quantified as nondetect (ND) at some minimum level. 
This minimum level i s  the detection limit as established by the laboratory performing the chemical analysis. 

Let xl,x2, ...,xr,xr,l, ...,xk denote a random.sample of size k; with r observations recorded as nondetects, and k-r 
observations greater than the detection limit. The k-r positive observations are assumed to follow a lognormal 
distribution. The entire data set i s  assumed to follow the delta-lognormal distribution with censoring point -
equal to the detection limit D. Let by and 6; be the sample mean and variance of the distribution of the 

logarithmic transformation Y = In(X) of the observations greater than the detection limit. Let 8 be the sample 
proportion of nondetects. Then the estimates of the mean and variance of the delta-lognormal distribution are 
estimated by: 

E(x*) = daily average 

= 8~ + (1 - 8 ) exp( fiy + 0.5 a,, .2 
) 

Q(x') = variance 
2= (1 -8)exp(2fiy+6;)[exp(6;)-(1 - 8 ) 1 + 8 ( 1  - 8 ) D [ D - 2 e x ~ ( b ~ + 0 . 5 6 ~ ) 1  

c^v(x*) = coefficient of variation 
= p(x*)]l12 / Qx*) 



Concentrationin ugn 

Figure E-4. Organic Priority Pollutant Frequency Distribution--Plant B 



where 

k = number of samples 

D = detection limit 

r = number of nondetect values in sample 

k-r = number of values greater than the detection limit 

yi = In(xi) r + l S i s k ,  r < k  

by = XWi) 1 (k - r) r + l S i S k ,  r < k  

08lly Maximum Pemlt LlmIts bedon the Delta-Lognoml Dlstrlbutlon 

The 95th and 99th upper percentile limits for the random variable X (which is delta-lognormally distributed) 

are given by the following formulas: 


The estimated 95th percentile daily maximum limit is: 

r~ 8 2 0.95 
k.9,. = I 

Lmax [D, exp( + ~ * 8 ~ ) ]  8 < 0.95 
where 

z' = 0~'[(0.99 - 8 ) / (1 - 8 )]. 

The estimated 99th percentile daily maximum limit is: 

r~ 8 z 0.99 

k,g9. = I 


Lmax [D, exp( & + z*$)] 8 < 0.99 
where 

z' = ~ ' [ ( 0 . 9 9  - 8 ) I (I - 8 )]. 

c1[ ] is  the mathematical notation for 2-scores. For example, when 8 = 0, then the corresponding value is 

~ 1 [ . 9 9 ]= Zg9 = 2.326. Values of @'[ ] are available.from tables d the normal distribution (available in most 
statistical textbooks and references). 

The variability factors (denoted by VF) are estimated by: 

Daily maximum 95th percentile VF = 1(.95 / %x) 

Daily maximum 99th percentile VF'= k.99 1 k(x). 


D#ltr.LognomuI Dlstrlbutlon ot Avef8ges 
The derivation of the formulas for the averages computationally is difficult and beyond the scope of this 
appendix. However, the formulas for n-day averages are included in Table E-2. The derivation of 4-day monthly 
averages using the delta-lognormal distribution Is available in Appendix VII-F of the Development Document 
for the OCPSF regulation [I]. For the purpose of permit writing, it is recommended that data sets of greater than 
10 samples be assumed to fit the normal distribution and the averages be calculated using the formulas given in 
Table E-3. 



- Checking Dittrlbutional Assumptions 

Two methods of checking distributional assumptions are goodness-of-fit and probability plots. When checking 
distributional assumptions, the sample size must be large enough. Small sample sizes may lead to erroneous 
conclusions. 

Ooodnm-of-FIt T.str 
In some cases, statistical goodness-of-fit tests may indicate that a particular distribution provides a reasonable 
fit to a data set of pollutant measurements. Such cases should be evaluated carefully to verify that the frequency 
curve for the data also show the shape characteristic of the distribution. 

Prob8bIIIty Plots 
Use of probability plots is  one method of determining whether a normal distribution is  appropriate for 
modeling a popuiation using only a limited set of measurements. The set of measurements should have at least 
20 observations [S]. Consider an independent sample of size k, labeled ~ 1 . ~ 2 ,  ...,xk  Let ~ 1 . ~ 2 ,  ...,uk be the 
ordered sample of x-values in ascending order in which ulSu24 ...,Suk. Now for each ui, find zi from the normal 
table (in any statistical reference or textbook) such that P[Z 5 q] = i/(k+l) and plot each pair (q,ui) on linear 
graph paper (or use a computer graphics software package). Ifthe data are from a normal distribution, they will 
fall approximately along a straight line. 

This same method can be adapted to check the assumption of lognormality. Log-probability plots are similar to 
probability plots used for the normal distribution. To construct a log-probability plot, set yi = in(xi) for 
i=1,2, ...,k and then prepare a probability plot for the yi, first by ordering the data as described in the previous 
section. If the data are from a lognormal distribution, they will fall approximately along a straight line, as 
illustrated by Figure E-5. 

Other Distributions 

If the probability plots or the log-probability plots show serious deviation from, straight lines, other 
distributions should be considered. Nonparametric methods, which do not require the assumption that the data 
follow a particular distributional form, are often useful for this type of data. Further details are available in 
many statistical references (e.g., Reference 6). 

Correlation 

Up to this point, we have assumed that all the observed pollutant levels are independent, i.e., uncorrelated 
with one another. This subsection is not intended to address cornlation between observed pollutant levels 
and plant operating factors that influence and control treatment performance. ..* 



Figure E-5. Example of a Log-Probability Plot with a Nonnal Dlstrlbution 



In the case of the monthly average limit derivation, the assumption that observed pollutant levels are 
independent can be quite important. If the effluent levels are correlated, the actual monthly average limit can 
be substantially higher than that derived from the analysis based on the independence assumption. However, 
correlation has essentially no effect on the calculated daily permit limits. This sub-section provides guidance 
on determining when levels may be correlated, and adjusting the sample size. 

A major factor that determines whether effluent ievels are highly correlated is the retention time of the 
wastewater treatment system. If the retention time is large relative to the time beween effluent samples, then 
those samples will tend to be correlated with each other in most cases. In municipal systems, for example, the 
retention time is frequently a matter of days, and sampling is often conducted on a daily basis. The effluent 
ievels, consequently, may be substantially correlated. However, in many Industrial systems, for instance a 
physicai/chemicai treatment system for electroplating wastewaters, the treatment system retention time is 
relatively short 4 to 8 hours. Daily effluent levels from these kinds of systems are generally uncorrelated, i.e., 
statistically independent. These general patterns are the same irrespective of the kind of pollutant in question. 
Significant correlation between observed pollutant levels, when present, should be factored into monthly 
average permit limits. 

Several different methods can be used to account for correlation in determining limits. One general approach 
involves time series modeling. Another possible approach is to use a direct computation of the covariance 
among the observed data to adjust the variance of the average used in determining the limit. Help in adjusting 
the sample size for correlation is available from the OW Statistics Section (phone number 12021 382-5397). 

Table E-1. Daily Maximum Permit Limit Calculations 

The daily maximum permit limit is usually the 99th upper percentile value of the pollutant distribution. In 
certain cases the 95th percentile value may be allowable. The following gives the formulas: 

MTH ALL MfASUBEMENTS > DmCTlON LIMIT (based on lognormal distribution) 

k,95 = 95th percentile daily maximum limit 

= Up[&+1.645 $1 
= 99th percentile daily maximum limit 

= UP[ 4+ 2.326 $1 

where 

xi = daily pollutant measurement i 
y i  = In(xi) 
k = sample size of data set 

fi3 = Z(yi) I k 1 s i S k 

= [ - ) I  I (k - 1 1 S i 5 k&Y 


t(x) = 


Q(X) = exp(2 + &$ [exp(6$ - 11 

-

) 6;0.5+fiyexp( 



Table E-1. Dally Maximum Permit Limit Calculations (continued) 

(based on delta-lognormal distribution) 

k 9 5  -	95th percentile daily maximum limit 

ro 	 8 2 0.95 

5 = 	I 
L max [D, exp( 4+?&,,)I 8 s 0.95 

with 2 = &1[(0.95 - 8 ) l ( 1  - 8 )I 

- 99th percentile daily maximum limit 


ro s 2 0.99 


k.99 	 = 1 

Lmax [D, expG + I*$] 8 s 0.99 


with i= ~ 1 [ ( 0 . 9 9- 8 ) 1 (1 - 8 )] 

where 

x i  = daily pollutant measurement i 
k = sample size of data set 
D = detection limit (as established by the laboratory) 
r = number of nondetects (~1.~2,...,xr a" 5 D) 
k - r = number of detects (xr+l,xr+2, ...,xk are > D) 
y i  = In(xi) for r+l 5 i 5 k 
8 = r l k  

;I 
= ZWi) 1 (k - r) r+l S i 5 k (exclude values 5 D from sum) 

3, = Z[(yi - &)ZJ l(k - r - 1) r+l s i 5 k 


.2
&x') = 8D + (1 - 8 ) exp( jiy + 0.5 ay) 

2 2 2V(X*) = (1 - 8 )exp(2 & + eY)[exp(kY) - (1 - 8 )I + 8 (1 - 8 IDID - 2 exp( by + 0.5 kY)] 



Table E-2. Monthly Average Permit Limit Calculations for  

Ten Samples o r  Less 


The monthly average permit limit is usually based on the estimates of the 95th percentile of the distribution of 
the average of the daily effluent values. For sample sizes less than or equal to 10, the data are assumed to be 
lognormally distributed (or delta-lognormally distributed if the data includes nondetects). 

ALL MEASUREMENTS > DETECTION LIMIT (based on lognormal distribution) 

= 95th percentile n-day monthly average limit 

= exp[in+1.645 &,,I 

= 99th percentile n-day monthly average limit 


= exp[in + 2.326 


where 

xi = daily pollutant measurement i 
y i  = In(xi) 

k = sample size of data set 


F3 = U y i )  1 k l s i s k  


6y = X[(yi - fiy)2]1(k - 1) 1 s is k 

k(x) = exp( Fy + 0.5 oy 
2 

) 

.2 .2
v(X) = exp(2 Fy + oy)[exp(ay) - 11 


.2 

On = ~n@(x)I (n[ t(x)l2) + 1) 


Fn = In(&x)) - 0.5 a, 
.2 


c^vn = [exp(&$ - 111/2 




Table E-2. Monthly Avenge Permit Limit Calcuiations for 

Ten Samples or Less (continued) 


. 
TS < D v (based on delta-lognormal distribution) 

k.95 - 95th percentile n-day monthly average limit 


TD 8 2 0.95 


A.95 	 = I 

Lmax ID, exp( an +z ' & ~  8 4 9 5  


with 2' 	 =W1[ (0.95 - 8 ) I (1 - 811. 

k.99 = 	 99th percentile n-day monthly average limit 

- r~ 	 s 2 0.99 

k.99 	 = I 

max [D, exp( bn+ zon)] 8 < 0.99 


with 1'= w1I(0.99 - 8 ) I(1 - 8 )I 

where 

x i  = daily pollutant measurement i 

k = sample size of data set 

D = detection limit (as established by the laboratory) 

r = number of nondetects (~1.~2,...,xr are S D) 


.k - r 	 = number of detects (xr+l,xr+2,-~xk are > D) 

= In(xi) for r+l Ii< k
ii = 	r / k  

by = X(Y$ 1 (k - r) r+l IiIk (exclude values SD from sum) 

.2 

oy = 	X [ ( y i - b ) 2 ] l ( k - r - 1 )  r+ l  < i I k  

.2&x*) = 	8 D + (1 - 8 ) exp( 4+ 0.50~) 

tyx*) = (1 

.2 

6;) [exp( 6;)+ii,,exp(2)8- 2- (1. -8 11+ 8 (1 - 8 )D[D - 2 exp( Py + 0.5 6y)~ 

= In[(l - 8") I 1  + A  + B + CUOn 

with 
A = Q(x*)I[nax*)- 8" D)2] 

B = - finD2(l - sn)] 1&x*) - 8" 0)2 

C = (2 8" D) 1ex*)- 8" D) 


Pn = 	 ln[(t(xe)- 8" D) l (1 - 8")] - 0.5 6; 



Table E-3, Monthly Average Permit Limit Calculations for More Than Ten Samples 

1 	 1 . 	 The monthly average permit limit usually is based on the estimates of the 95th percentile of the distribution 
of the average of the daily effluent values. These daily values are assumed to be lognormally distributed. For 
sample sizes larger than 10, the averages (represented by the random variable Xn) are assumed to be normally 
distributed. 

qg5 = 95th percentile n-day monthly average limit 

= kxn)+ I.US [V(xn)]l/2 


R,99 = 99th percentile n-day monthly average limit 

= &xn) + 2.326 [V(X,,)]~/~ 


where 

x i  a daily pollutant measurement i 

Y i = In (xi) 

k = sample size of data set 

by = Z(Y~)1 k, 1 s i s k  

.2 
=Y = Z [ ( ~ i - i & ) ~ ] / ( k - l )  1 s i s k  

k(x) = exp( i& + 0.5 ay 
2 

) 

2 .2 
V(X) = exp(2 ($+ hY)fexp(oy) - 11 

k(xn) = E(X) 

V(Xn) = V(X) l n 


c^v(Xn) = O(xn)'" I(Xn) 
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The objective of an effluent or instream sampling program is to obtain a Sample (or samples) from which a 
representative measure of the parameters of interest can be obtained. Unfortunately, many of the industrial and 
municipal National Pollutant Discharge Elimination System sampling protocols presently in use are carryovers 
from schemes used for calculating loadings of nutrients and oxygen-demanding substances. or were developed 
to evaluate treatment plant operational efficiency. Sampling for individual toxicants and particularly for 
effluent toxicity can require more specific (and thus different) sampling procedures. 

Wastewater variability is an important consideration in selecting the method and frequency of sampling for 
both chemical analysis and toxicity testing. Industrial waste characteristics have been shown to vary in 
frequency, intensity, and duration [I]. As noted by Bender [2], the sources of effluent variability include both 
random and systematic components that influence both daily and annual characteristics of waste discharges. 
Although toxic pollutant loading may be of primary concern in assessing human health impact or 
bioaccumulation, loading may be of lesser importance in toxicity assessment than frequency, intensity, and 
duration of peak toxic discharge. Sampling must be tailored to measure the type of toxicity of importance for 
that discharge: either long-term (chronic) Impact, which is  a more constant effect, or short-term (acute) impact, 
which is  more variable and subject to peaks of intensity. 

There are several chemical parameters for which continuous analysis is  possible. These include pH, temperature, 
dissolved oxygen, and other parameters involving instantaneous measurement. All other types of measurement 
involve some time period over which the analysis is conducted. Toxicity tests require an exposure period. 
Chemical tests require sample preparation and analysis. There is no continuous analysis method for toxicity. 

It should be noted that although i t  is difficult to design a representative sampling program for toxicity 
analysis, the probiems ate of no greater magnitude than similar probiems associated with obtaining a 
representative sample for conventional pollutants. 

Sampling Methods 

ContinuousFlow 8mrphw 
For toxicity testing, the test organisms may be exposed to serial dilutions of a sample continuously pumped 
from the effluent pipe or ditch. In the case of effluents, if optimum accuracy is desired, then the ratio of 
effluent flow to test chamber volume can be scaled to simulate the time-varying concentration a t  the mixing 
zone boundary. 

Although flowthrough methods can provide a realistic simulation of time-varying exposure, they are relatively 
expensive and are usually conducted on site. Therefore, flowthrough methods may only be practical where the 
goals of the analysis of impact require this type of testing or where treatment costs are sufficiently high that 
this type of analysis can be required. A flowthrough exposure method is not a continuous analysis because only 
one result or data point is  obtained at the end of the test. However, the continuous exposure does provide some 
measure of time-varying exposure effects. 

#/$0mt8 S8@a 
Crab or flow composited sampling provide a discrete sample for chemical analysis or toxicity testing. Static or 
renewal toxicity tests using discrete samples result in exposure of test organisms to a constant effluent 
composition over the period of the tests, or for the period between renewals. 

If discrete samples are collected during peaks of effluent toxicity then constant concentration exposure static 
tests provide a measure of maximum effect. 

Depending on the duration of a peak and the compositing period, composlted samples may not be useful for 
examining toxicity peaks because the compositing process tends to dilute the peaks. Composited samples are 



usually appropriate for chronic tests where peak toxicity of short duration is of less concern. The averaging 
effect of compositing may be misleading when testing for acute toxicity. 

Crab samples must be collected at sufficientty frequent intervals to provide a high probability of sampling 
drily peaks. Fortunately static toxicity tests are relatively inexpensive and can be done on shipped sample$ 
thus, it may be cost effective to conduct individual tests on a series of grab samples collected over a 24-hour 
period. 

MnipIIn# Frquancy 
Nonrandom effluent variability, resulting from batch processing, variable loadings, etc., is often known or can 
be determined. Therefore, the first step in designing a sampling program for chemical analysis or toxicity 
testing is  to select the annual sampling frequency based on available site-specific operational information. 
This is Important in selecting sampling periods for both continuous flow and discrete sampling methods. 

If discrete sampling methods (grabs or composites) are used, then random variations between and within days 
for each sampling period must be considered. It is important to recognize the tradeoff between the long-term 
(between days) frequency and short-term (within days) frequency of sample collection and analysis for toxics. 
At present, the permit requirements for sampling and analyzing chemical parameters are site specific and 
generally involve a single grab or 24-hour composite sample collected at daily, weekly, or monthly intervals. 
Unfortunately, a sampling scheme involving a single daily grab or a 24-hour composite sample can conceal the 
presence of those daily extreme values that may be of importance. To optimize sampling cost and 
effectiveness, it may be desirable to reduce long-term frequency so that daily frequency can be increased. 

For example, a weekly grab or composite involves 52 analyses per year. It may be more efficient to reduce the 
annual frequency .to monthly or bimonthly, but collect and analyze four or eight grabs daily. Either scheme (12 
x 4 or 6 x 8) would involve 48 analyses per year versus 52 for the weekly single sample approach. Assuming 
that daily toxic events of environmentally significant intensity and duration would not be masked by short- 
term composites, it might be more efficient to collect eight samples each composited over a 3-hour interval. 

If costs or other constraints prohibit satisfactory daily and annual replication of sampling, then a level of 
uncertainty must be introduced into the calculations used to evaluate waste toxicity (see Section 3, Tabie 3-1). 

Box F-1 presents EPA's recommendations on sampling methods. 



Box F-1. Recommendations 

The initial sampling design step should involve stratification of sampling periods to account 
for nonrandom sources of variation (e.g., batch processing). The second step includes 
selection of the frequency and the method of sampling to be conducted within each sampling 
period. Depending on site-specific considerations, several options are available. 

Flowthrough Methods - Ideally, for both acute and chronic effluent toxicity tests, the 
exposure of biota should simulate the time-varying concentration at a predetermined point in 
the receiving water. For regulatory purposes, the critical point is often the edge of the mixing 
zone where the waste should exhibit neither acute nor chronic toxicity. Therefore, if 
warranted by site-specific factors, it is recommended that test biota be exposed to a 
continuously collected flowthrough sample of serially diluted effluent. If no systematic 
annual variations (e.g., batch processing) are known or suspected, flowthrough testing can be 
conducted a t  a minimum of quarterly intervals for at least 1 year. 

Grab Sample Methods -Grab samples are recommended for chemical analyses and for acute 
and chronic toxicity tests where site conditions (such as wastewaters that are known to have 
relatively constant composition) do not require use of continuous flow methods. Crab 
samples of effluent or receiving water may be used for static or renewal acute toxicity tests, 
which may be conducted onsite or at a remote lab. The design of a toxics grab-sampling 
program must take into account the tradeoff between long-term and short-term sampling 
intensity. Where there is  no ponding of wastes or retention time is insufficient for thorough 
mixing, it i s  important to collect or analyze a sufficient number of samples to provide a 
measure of daily spikes. Therefore, to minimize analytical costs where daily fluctuations are 
known or suspected, the annual sampling frequency should be reduced in favor of more . intensive daily sampling. It is recommended that on an annual cycle, grab sampling and 
analysis include a minimum of four to six daily grabs collected monthly. An option could 
include the use of short-term (4-hour) composites rather than grabs. If site-specific data are 
available to indicate that treatment system retention time is  adequate to minimize daily 
variations, then the daily replicates may be omitted in favor of more frequent annual sampling 
(e.g., weekly or semimonthly rather than monthly). If, to minimize costs in screening tests, 
only single samples are collected at infrequent intervals (e.g., quarterly) an uncertainty factor 
for variability should be used in the toxicity evaluation (see Section 3). 

Composite Sample Methods - If static or renewal methods are used for evaluation of toxicity, 
it i s  recommencled that 24-hour, continuous-flow composite samples be collected.. 
Considerations of annual frequency are the same as those for grab samples.-
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Current Approach 

With one exception (New jersey), the chemical-specific approach to protecting human health is currently the 
only method used to human health toxicants in effluents. The chemical-specific approach identifies 
the individual chemicals in an effluent and regulates them based upon health risk assessment information for 
each individual chemical. Where data are available for such human health toxicants, the chemical-specific 
approach can be used to develop permit limits. 

However, the complex characteristics of effluent mixtures limit the effectiveness of the single-chemical 
approach. When used as the sole basis for identifying effluents of human health concern, the chemical-specific 
approach can overlook wastewaters potentially toxic to humans for the following reasons: 

1. 	 Analytical methods may not be sensitive enough to detect extremely small quantities of chemicals 
which may exert their effects on human health after a long latency period. 

2. 	 Human health data are limited or lacking for many of the §307(a) "priority" pollutants. Moreover, 
the number of human health toxicants discharged far exceeds the "priority" pollutant3 list. 

3. 	 The various chemical constituents of an effluent may resulting in synergistic, additive or 
antagonistic chemical effects. 

Ar a result of these limitations, biological indicator tests have been developed for human health impact 
effluent screening, including both and tests. Though not yet widely implemented, biological 
indicator test results can be important supplements to a chemical-by-chemical effluent characterization. 

Short-term biological indicator tests for human health impact screening are based on cellular-level responses, 
indicating whether the substances being tested are biologically active, and providing some measure of that 
activity. While these tests do not quantify the degree of toxicity to humans, they can'be used to identify 
effluents with potential human health impacts, and regulatory priority-setting and targeting of dischargers for 
further chemical-specific analyses. Research is currently underway within EPA and in the private sector to 
evaluate various biological indicator test batteries for whole effluent analysis. 

Biological indlcator Tsotr, 

Biological indicator tests include (test tube) and bw (whole animal) tests which can help form the 
first tiers of a single chemical evaluation process. A battery of simple biological tesu.can be used to test for 
the major types of effects which are underlying causes of potential health impact, since each biological test 
measures a different type of response. The results of these tests can be used to decide whether more definitive 
(and more resource.intensive) testing is  needed to identify actual problem pollutants. 

Test results can serve as triggers to additional chemical-specific analysis or more sophisticated definitive 
biological tests. Where results of these screening tools indicate potential health hazards, further 
characterization of, the effluents, and regulation based upon toxicological data andlor chemical structure- 
activity relationships can proceed. If an effluent is extremely variable in other parameters, screening assays 
should be repeated periodically to ensure that potentially hazardous discharges are detected. Two types of 
biological indicator tests are discussed below: tests for non-threshold (no safe level exists) chemicals and tests 
for threshold (a safe level is presumed to exist) chemicals. 



Oenotoxlclty Tests for Yon-Threshold Chmlcrls 

Cenotoxicity is  the ability of a substance to damage an organism's genetic material (its DNA). Certain 
positively-charged compounds tend to bind to DNA and may lead to permanent changes in the genetic 
information. Such damage to the DNA of reproductive (germ) cells can impair reproductive ability or can 
produce a change in the DNA structure that could be passed on to offspring as a heritable mutation. Alterations 
in the DNA of somatic cells can result in cancer or other diseases. 

Interpretation of genotoxicity test results assumes that DNA damage in nonhuman cells may be predictive of 
latent diseases in humans such as genetic disorders, birth defects, and cancer. EPA belives that genotoxicity 
tests for point mutations, numerical and structural chromosome aberrations, DNA damagelrepair and 
transformation provide supportive evidence of carcinogenicity [US. EPA, 1979 and 1987~1. In addition, 
wastewater mutagenicity tests could be used to detect genotoxic activity which can adversely affect aquatic 
biota [Black, et. al., 19801. Several short-term assays. have been developed which can assess genotoxic effects 
(discussed below). 

For example, a correlation has been established between animal carcinogens and positive mutagenic responses 
in the Ames Test. The Ames test i s  often used to assess point mutation effects. The original correlation study 
reveaied that 90% of tested carcinogens were detected as mutagens, while 87% of noncarcinogens were 
identified as nonmutagens. Other studies have determined that between 77% and 91% of tested carcinogens 
produce positive responses in the Ames test. The Ames Test has been used in over 2,000 laboratories worldwide 
for drug and food additive icreenina. product development, and environmental testing [New Jersey DEP, 19831. 

To assess clastogenic effects (chromosomal breakage) either the mammalian sister chromatid exchange test or a 
mammalian cell chromosomal aberrations test can be conducted. Both of these tests typically use Chinese 
hamster ovary cell cultures and involve cytologic examination after exposure to determine if,chromosomal 
effects are evident. The Organization of Economic Cooperation Development (OECD) test methodology is  
recommended [OECD]. EPA's Office of Toxic Substances and Office of Pesticides Programs also have published 
test methods [U.S. EPA 1982a and 198ZbI that are consistent with the OECD tern. 

Most effluent samples need special preparation (for example, concentration) to produce a measurable biological 
indicator test response for human health effects. When samples are concentrated, the response is calculated in 
terms of the pre-concentration sample. In addition, for genotoxicity tests, because many chemicals are not 
actively mutagenic in humans until they enter the body and are metabolized, many in tests are 
supplemented w~th extracts from mammalian livers which act as a source of enzymes. The extract enzymes act to 
mimic metabol~c activation of procarclnogens and promutagens in humans, providing a more realistic picture 
of potential effects [U.S. EPA, 19791. 

A number of genetic toxicity assay batteries have been suggested in order to address the many potential effects 
produced by nonthreshold chemicals (for which no safe level exists) [U.S. EPA, 1979; Lave and Omenn; 
Environment Canada]. In addition to providing assays that detect different endpoints, a battery of tests can 
also be structured to minimize effort at the screening level while supplying more definitive data for samples 
failing the initial tier of testing. Positive results can lead to further effluent characterization, including 
priority and other pollutant chemical analyses, or mutagenicity testing of specific processes or effluent 
fractions. Another approach ~ o u l d  be to evaluate the effects of various treatment or waste segregation 
techniques on mutagenicity [McCeorge, et. al., 19851. 

Many of the proposed test batteries utilize the Ames &say as a screening level test because of its relatively 
high degree of sensitivity (i.e. a high percentage of carcinogens are Ames positive) and specificity (i.e. a high 
percentage of noncarcinogens are Ames negative) rennant, et. al., 19871. One study of 28 selected industrial 
discharges reveaied that 11 of the 28, or 39%, produced positive results using the Ames Test (described below). 
Other test endpoints frequently covered in the initial tier of testing include mammalian cell chromosomal 
effects, mammalian gene mutation and microbial and mammalian cell DNA damage. 

Results of a recent National Toxicology Program project suggest that combinations of four of the most 
commonly used short-term tests covering these endpoints did not show significant differences in individual 



concordance with rodent carcinogenicity results for pure chemicals pennant, et. al., 19871. This suggests that 
if a sample causes only one type of endpofnt as measured by several screening level tests, its potential to cause 
human health effects should not be disregarded. 

To assess the potential carcinogen hazard, subsequent tests focusing on effluent-induced malignant changes in 
mammalian cells inyj& can be conducted. Higher levels of testing may include jll xi! rodent testing or the 
Medaka (fish) tumor assay, for example. it should be noted that under existing guidelines, hyiyp mammalian 
tumor assays are necessary to establish a material as a possible human carcinogen. Results from short term tests 
alone are considered as inadequate to estabiish human carcinogenicity [US. EPA, 1986~1. Guidelines for risk 
assessment of individual compounds are covered in U.S. EPA, 1966b and 1987c. 

la y i y ~tests on complex mixtures are extremely complicated and expensive given the variability intrinsic to 
effluents. As a result. it is  recommended that after each tier of biological indicator testing, the cost of further 
refining the weight of evidence for carcinogenesis or mutagenesis be balanced against the cost of conducting a 
causative agent identification waluatlon. C ien the identity of the substance leading to positive results in 
short term i[l tests, dose-response data for risk i t  should aet be nuwrwy  to generate i ~ y i y ~  
characterization if these data are already available in the literature for the specific chemical. 

in addition, causative agent identification studies may be unnecessary if information on the physical and/or 
chemical characteristics of the toxicant is obtained. Such information may provide clues to appropriate 
effluent treatment technologies needed to reduce effluent mutagenicity. 

In weighing the need for more definitive biological assays against causative agent evaluation, the frequency 
(i.e., how often the effluent tests positive) and intensity (e.g., revertantslliter) of the effluent's mutagenicity 
must be considered. As a default assumption, a high dose of a carcinogen received over a short period of time is 
equivalent to a Low dose spread over a life-time [U.S. EPA, 1986~1. While effluents which are highly variable 
in their mutagenicity are of concern, they will be more diiicult and costly to deal with in subsequent phases of 
study. 

Accordingly, the initial tier of qualitative tests for human health effects assessment can be relatively 
inexpensive, rapid, and have a low rate of false negative results. Subsequent tests can be designed to increase 
confidence in the predictive nature of the results. Additional levels of testing may also provide diagnostic 
information on the characteristics of the causative agent(s) in the effluent. 

Subsequent tiers of testing should focus on a more concise assessment of risk. Such an assessment can be used to 
delineate hazard type; in effect, to separate germ cell mutations (heritable genetic risk) from carcinogen risk. 
Thus, to assess heritable mutation, subsequent testing should focus on mammalian germ cells, ultimately tested 
in yirp [U.S. EPA, 1986bl. To assess potential carcinogen hazard, subsequent tests focusing on effluent-induced 
maiignant changes in h & ~  Ultimately, testing must result in a mammalian systems should be conducted. 

dose-response assessment to be used with an exposure assessment in characterizing risk [US. EPA, 1987al. 


EPA's Region V (Chicago), New jersey, and Environment Canada have been conducting mutagenicity testing at 
selected facilities. In Region V Ames ten results are used to suggest the need for more intensive chemicai- 
specific analyses of the effluent. New Jersey has incorporated a prohibition against discharging mutagenic 
compounds in amounts that are mutagenic into its 'New Jersey Administrative Code" [N.J.S.A. Section 7:9-4.5 
(a)4, May 19851. 

For both types of endpoints (genotoxicity and carcinogenesis), hazard identification should be followed by 
quantitative risk assessment which includes assessment of dose response (requiring hy& data) and human 
exposure. Human exposure assessment typically considers the composition and size of the population exposed 
and the types, magnitude, frequency and duration of exposures [U.S. EPA, 1986dl. 

Evaluation of Effluent Benotoxlclty Scmnlng Results . 
Control of human health hazards depends upon assessment of both the toxicoiogicai properties of the 
pollutants and the level of exposure. The permit authority should review the results of a human health toxicant 



effluent screening program and establish the actions triggered by each level of potential risk indicated. For 
example, a discharger with elther a high exposure risk or a high effects risk might automatically be required to 
conduct a detailed assessment or institute controls. A medium risk in both exposure and effects might require 
further review of the data and a case-speclfic decision about whether to require additional assessment. A 
medium effects risk and a low exposure risk might indicate the need for limited testing to ensure that the low is 
really indicative of the risk. Low risk in both exposure and effects should receive low priority for further 
assessment. The bioconcentratlonevaluation procedures can be used to aid in defining exposure risk, as well as 
determining receiving water concentration. 

One possible tool for evaluating results of biological indicator effluent screening i s  the "relative potency 
approach," concept used rather widely in radiation biology and chemical pharmacology. The relative 
potency of an effiuent is the dose of a reference agent needed to produce an effect of a given magnitude in a 
particular bioassay, divided by the dose of the effluent needed to produce the same magnitude of the same 
effect in the same bioassay. A predktive battery of several short-term biological tests, when standardized to a 
reference agent, could provide a rank or comparative estimate of the hazard posed by an effluent in the context 
of measures of other known hazards [Glass, 19881. It should be recognized that this approach does not consider 
exposure through bioaccumulation. 

When screening has indicated a high potential for health hazard, further assessment should be required. A 
chemical-specific approach is recommended to evaluate and regulate the discharge constituents. The first half 
of this process involves characterizing the composition of the effluent. Typically, only a small fraction of the 
total organic carbon (TOC) can be accounted for as individual chemicals. Therefore, effort should be placed on 
identifying constituents through means other than chemical analysis, such as through a detailed process 
evaluation andlor toxicant characterization evaluation. 

A process evaluation i s  a study in which components in the wastewater are determined from an analysis of 
feedstocks, manufacturing processes, products, by-products, and pollution control in place. The result is a list 
of compounds or classes of compounds with a high probability of being present in the wastewater. Chemical 
analysis can also be conducted for not only the priority pollutants but also nonpriority pollutant peaks and 
bioconcentratable chemicals [EPA/6M)/XX-XX]. IRIS and SAR can be used to determine the likelihood that a 
given compound is causing positive results in the bioassay. The toxicant characterization evaluation can 
providr information on the physical/chemical nature of the chemical producing positive bioassay results. 

Summary of Current Blolo#lcal Indicator Tests for Won-Threshold Human Health Toxicants 

The following tests are currently in use or under development for assessing carcinogenicity or mutagenicity: 

SalmonellatvDhimuriumAssay (Ames Test) [U.S. EPA, 1985 and 19831 
-: Strains of Salmonella requiring the amino acid, histidine, are exposed to a solvent 
extract of the effluent. Tests are performed with and without added rat liver enzvme for activation 
of indirect mutagens. The bacteria are grown on histidine-free medium; colony formation 
indicates the effluent contains mutagenic compounds capable of genetically altering the bacteria. 
m:Gene mutation; response measuml in revertant coionies/l effluent 
-: Test is rapid, relatively inexpensive. The Ames Test has been shown to have broad 
application for the assessment of the mutagenic activity of a diversity of industrial effluent types 
[McCeorge, et. al., 19851. Test sensitivity and specificity are documented [Ashby and Tennant, 
19881. 



' v : Requires metabolic activation and several different strains of S&bm& to detect 
of compounds, requires extrapolation from prokaryot, use of effluent extract may . 

exclude certain types of compounds, epigenetic carcinogens not detected. 
m:Approximately $1200 [Lave and Omenn, 19861 

. SOS Assay (SOS Chromotest) [Quiilardet, et.al., 1985). 
Backaround: All cells contain an 505"  enzymatic system for detecting and correcting errors in 
their genetic material. A strain of has been genetically engineered so that DNA damage 
ultimately results in production of an enzyme which reacts with test reagents to form a blue color. 
Bacteria are exposed to effluent or an extract of the effluent, with or without added rat liver 
enzyme for activation indirect mutagens. The intensity of color produced indicates the extent to 
which the effluent contains mutagenic compounds capable of damag~ngbacterial DNA. 
-: DNA damage; response measured as the change in optical density. 

-: Simple kit commercially available, test requires c8 hrs to perform, relatively 
inexpensive. Test sensitivity, specificity documented [Quillardet, et.al., 19851. 

-: Requires metabolic activation, extrapolation from prokaryot, use of effluent 
extract may exclude certain types of compounds, epigenetic carcinogens not detected, measurement 
of effect must be referenced to known genotoxic compound. 
m:?? 

Sister-Chromatid Exchange Assay (SCE) [Eckl, et. al., 19871 

-: Sister chromatid exchange occurs when damaged DNA is replicated during cell 
division. Recent advances allow the use of cultured rat hepatocytes in detecting SCE formation, 
thus precluding the need to add rat liver enzyme for metabolic activation. Hepatocyte exposure to 
the sample is  effected by using filter sterilized effluent in preparing the cell culture medium. 
Exposed cells are lysed and genetic material fixed in order to count SCEs. 
-: DNA damage; response measured in SCE per chromosomelL effluent. 
-: Test i s  rapid, relatively inexpensive, does not require metabolic activation (therefore 
more realistic). Uses mammalian cells, therefore results more readily applicable to humans. 
wadvantaaez: Sensitivity, specificity not well documented, test more complex relative to 
prokaryotic systems, filter sterilization may remove some genotoxic compounds from the sample, 
epigenetic carcinogens not detected. 
m:$5000 [linle, 19891 

HGPRT Assay with Chinese Hamster Ovary Cells (HGPRT/CHO) [Hsie, et. al., 1981) 

-: Strains of Chinese Hamster Ovary cells in culture are exposed to the effluent or an 
extract of the effluent, with or without added rat liver.en2yme. Mutagen interactions with certain 
sections pf the DNA make the cell resistant to toxicants like 6-thioguanine. Cell survival i s  used 
to indicate both cytotoxicity (cell death) and genetic mutations resulting from effluent 
components.
w:Gene mutation; response measured in % survivalll. 
-: Test i s  rapid and uses a mammalian system. 

: Sensitivity, specificity not well documented, use of effluent extract may exclude 
m f compounds, epigenetic carcinogens not detected, requirw metabolic activation. 
m: $6500 

Medaka Tumor Assay [U.S. EPA, 1988; U.S. EPA, 1989b.l 
n : Larval fish are exposed to nonlethal concentrations of effluent for one month, this 

N o w e d  bv a 5-month grow out period in clean water. At six months, fish are sacrificed 
and submitted for histopathologkal studies. 

m:Tumor formation, response measured in frequency of tumors at a given site/effluent
concentration. 

-: Use of whole effluent, whole organism, oncogenic endpoint 



Carcinogen levels in unconcentrated effluent may not be high enough to produce 
tumors at a detectable frequency in exposed populations, effluent must not be toxic to Medaka, 
requires extrapolation from non-mammalian system, relatively expensive, length of test, endpoint 
requires pathologist experienced in fish cancers, method still in developmental stages. 
m: $20,000 Dohnson, 19891. 

Other Human Health Effects 

Toxicants present In effluents may produce a variety of effects in humans besides genotoxicity or 
carcinogenicity via exposure through ingestion of water and/or contaminated fish and shellfish. Potential 
health effects could include suppression of the immune system, neurotoxicity, specific organ toxicity, or 
developmental toxicity. These effects occur after exposure above a presumed safe (threshold) level and are 
referred to as "systemic." 

Formerly, the only means to assess systemic effects was by using subchronic toxicity procedures designed to 
determine the effects that may occur with repeated exposure over a part of the average life span of an 
experimental animal. However, such studies a n  expensive ($100,000 and over) and beyond the cost constraints 
for most effluent analyses. Ar an alternative, a number of short-term hyQ~tests utilizing mammalian cells 
have been developed [U.S. EPA, 1978; Wilson, 1978; Kimmel, et. al., 1982; Brown and Fabro, 1982; 
Borenfreund and Puerner, 19851. Test endpoints include cytotoxicity, effects on cell growth, division, structure, 
metabolism and function, alterations in enzyme activities, and metabolite formation. 

As with the nonthreshhold assays previously discussed, these h U assays only serve to qualify potentiai 
human health hazards. In the case of positive &- results, tests on intact mammals can be pursued in order 
to confirm screening test findings and establish a dose-response relationship. Alternatively, causative agent 
evaluations resulting in either the identity of the toxicant or toxicity treatability data may be pursued. 

Current Mmitatlons of the Blologlcal Regulatory Appmaoh 

At  present, the use of biological indicator tests as a regulatory tool is limited for a number of reasons. First, 
biological indicator information must be linked to human exposure to wastewater components. To date, no 
definitive mechanism exists for interpreting the human health hazard implications of the biological test 
results. While many j~ &Q (i.e. test tube) human health assays provide data about cellular changes relative to 
the dose delivered to the target tissue, they do not provide the information necessary to correlate 
environmental exposure to target tissue dose or cellular change to ultimate human health effects (e.g., cancer). 
The higher animal testing necessary to quantify the.dose-response relationship (or "potency" of the effluent) 
would be extremely costly. 

Second, as with aquatic organism toxicity tests, a human health hazard test must be capable of dealing with 
intra- and interspecies sensitivity variability. This concern is particularly relevant for those effluents 
containing chemicals which only become carcinogenic upon metabolism by mammalian systems (i.e. 
procarcinogens). The use of cultured human liver cells (hepatocytes), currently being tested, would eliminate 
the need for interspecies extrapolation. 

Finally, whole effluent testing to assess potentiai human health impacts presents several unique practical 
problems such as the continual change in composition typical for most effluents, the need to concentrate 
samples to obtain a dose-response curve, and the need to compensate for or eliminate interferences from 
cytotoxic (toxic to cells) components of the effluent. Only those components which occur in the relatively 
nonvolatile, nonpolar organic fraction of the effluent sample are conventionally measured. [Anderson-
Carnahan, article in preparation]. 

Until additional resebrch resolves these difficulties, biological indicator tests will be most useful as screening 
tools, with actual regulation of effluents posing potential health hazards likely to remain on a chemical-by-
chemical basis. 
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(RFD): DESCRIPTION 
HEALTH RISK ASSESSMENTS 
REFERENCEDOSE AND USEIN 

introduction 

This concept paper describes the U.S. Environmental Protection Agency's (U.S. EPA) principal approach to and 
rationale for assessing risk for health effects other than cancer and gene mutations from chronic chemical 
exposure. By outlining principles and concepts that guide EPA risk assessment for such systemic effects the 
paper complements the new risk assessment guidelines (US. EPA, 1987), which describe the Agency's approach 
to risk assessment in other areas, speclflcally carcinogenicity, mutagenicity, developmental toxicity, exposure, 
and chemical mixtures. (In this document the term "systemic toxicityVefers.to an effect other than 
carcinogenicity or mutagenicity induced by a toxic chemical.) 

Eack#round and Summty 
Chemicals that give rise to toxic endpoints other than cancer and gene mutations are often referred to as 
"systemic toxicants" because of their effects on the function of various organ systems. In addition, chemicals 
that cause cancer and gene mutations also commonly evoke other toxic effects (i.e., systemic toxicity). Based on 
our understanding of homeostatic and adaptive mechanisms, systemic toxicity is treated as if there is an 
identifiable exposure threshold (both for the individual and for populations) below which there are no 
observable adverse'effects. This characteristic distinguishes systemic endpoints from carcinogenic and 
mutagenic endpoints, which are often treated as nonthreshold processes. 

Systemic effects have traditionally been evaluated using such terms as "acceptable daily intake (ADI)," "safety 
factor (SF)," and "margin of safety (MOS),' concepts that are associated with certain limitations described 
below. The U.S. EPA established the Reference Dose (RfD) Work Croup to address these concerns. 

In preparing this report, the RfD Work Croup has drawn on traditional report on risk assessment (NRC, 1983), to 
more fully articulate the use of noncancer, nonmutagenic experimental data in reaching regulatory decisions 
about the significance of exposures to chemicals. In the process, the Work Croup has coined less value-laden 
terminology -- "reference dose (WD)," "uncertainty factor (UF)"; "margin of exposure (MOE)"; and "regulatory 
dose (1790)" -- to clarify and distinguish between aspects of risk assessment and risk management. These 
concepts are currently in general use in many parts of U.S. EPA. 

Traditional Approach to Aotssslng Systemlc Toxicity 

The U.S. EPA's approach to assessing the risks associated with systemic toxicity is different from its approach 
to assessinq the risks associated with carcinogenicity, because of the different mechanisms of action thouqht to 
be involved in the two cases. In the case of brcintigens, the Agency assumes that a small number of mokcular 
events can evoke chanaes in a sinole cell that can lead to uncontrolled cellular ~roliieration. This mechanism 
for carcinogenesis is riferred to a; "nonthreshold," since there is theoretically "o level of exposure for such a 
chemical that does not pose a small, but finite, probability of generating a carcinogenic response. In the case 
of systemic toxicity, however, organic homeostatic, compensating, and adaptive mechanisms exist that must be 
overcome before a toxic endpoint Is manifested. For example, there could be a large number of cells performing 
the same or similar function whose population must be significantly depleted before the effect is seen. 

The threshold concept is important in the regulatory context. The individual threshold hypothesis holds that a 
range of exposures from zero to some finite value can be tolerated by the organism with essentially no chance 
of expression of the toxic effect. Further, i t  i s  often prudent to focus on the most sensitive members of the 
pooulation; therefore, regulatory effoN are generally made to keep exposures below the population threshold, 
which is  defined as the lowest of the thresholds of the individuals within a population. 



D#erlptlon of the Tndnlrnrl m c h  
In many cases, risk decisions on systemic toxicity have been made by the Agency using the concept of the 
"acceptable daily intake (ADI)" derived from an experimentally determined "no-obsewed-adverse-effect level 
(NOAEL)." The AD1 is commonly defined as the amount of a chemical to which a person can be exposed on a 
daily basis over an extended period of time (usually a lifetime) without suffering a deleterious effect. The AD1 
concept has often been used as a tool in reaching risk management decisions (e.g., establishing allowable 
levels of contaminants in foodstuffs and water.) 

A NOAEL is  an experimentally determined dose at which there was no statistically or biologically significant 
indication of the toxic effect of concern. In an experiment with several NOAEb, the regulatory focus is  
normally on the highest one, leading to the common usage of the term NOAEL as the highest experimentally 
determined dose without a statistically or biologically significant adverse effect. The NOAEL for the critical 
toxic effect i s  sometimes referred to simply as the NOEL. This usage, however, invites ambiguity in that there 
may be observable effects that are not of toxicological significance (i.e., they are not "adverse"). For the sake 
of precision, this document uses the term NOAEL to mean the highest NOAEL in an experiment. In cases in 
which a NOAEL has not been demonstrated experimentally, the term "lowest-obsewed-adverse-effect level 
(LOAEL)" i s  used. 

Once the critical study demonstrating the toxic effect of concern has been identified, the selection of the 
NOAEL results from an objective examination of the data available on the chemical in question. The AD1 is  
then derived by dividing the appropriate NOAEL by a safety factor (SF), as follows: 

AD1 (human dose) = NOAEL (experimental dose)/SF 	 (Equation 1) 

Generally, the SF consists of multiples of 10, each factor representing a specific area of uncertainty inherent in 
the available data. For example, a factor of 10 may be introduced to account for the possible differences in 
responsiveness between humans and animals in prolonged exposure studies. A second factor of 10 may be used 
to account for variation in susceptibility among individuals in the human population. The resultant SF of 100 
has been judged to be appropriate for many chemicals. For other chemicals, with databases that are less 
complete (for example, those for which only the results of subchronic studies are available), an additional 
factor of 10 (leading to a SF of 1000) might be judged to be more appropriate. For certain other chemicals, 
based on well-characterized responses in sensitive humans (as in the effect of fluoride on human teeth), an SF as 
small as 1 might be selected. 

While the original selection of SFs appears to have been rather arbitrary (Lehman and Fiuhugh, 1954), 
subsequent analysis of data (Dourson and Stara, 1983) lends theoretical (and in some instances experimental) 
support for their selection. Further, some scientists, but not all, within the EPA interpret the absence of 
widespread effects in the exposed human populations as evidence of the adequacy of the SFs traditionally 
employed. -r 

Some Dlifroultlm in UtIIIzIng the TndltIoneI Appmach 

Scientlflc Issucls 
While the traditional approach has performed well over the years and the Agency has sought to be consistent in 
its application, observers have identified scientific shortcomings of the approach. Examples include the 
following: 

a. 	 Too narrow a focus on the NOAEL means that information on the shape of the dose-response curve is 
ignored. Such data could be important in estimating levels of concern for public safety. 

b. 	 As scientific knowledge increases and the correlation of precursor effects (e.g., enzyme induction) 
with toxicity becomes known, questions about the selection of the appropriate "dverse effect" 
arise. 

c. 	 Guidelines have not been developed to take into account the fact that some studies have used larger 
(smaller) numbers of animals and, hence, are generally more (less) reliable than other studies. 



These and other "scientific issues" are not susceptible to immediate resolution, since the database needed is not 
yet sufficiently developed or analyzed. U.S. EPA work groups are presently considering these issues. 

Manapamant-nlatad issuas 
The use of the term "safety factor" - The term "safety factor"suggests, perhaps inadvertently, the notion of 
absolute safety (i.e., absence of risk). While there is a conceptual basis for believing in the existence of a 
threshold and "absolute safety" associated with certain chemicals, in the majority of cases a firm experimental 
basis for this notion does not exist. 

The implicatlon that any exposure in excess of the AD1 is "unacceptable" and that any exposure less than 
the AD1 is  "acceptable" or "safe" - In practice, the AD1 is viewed by many (including risk managers) as an 
"acceptable" level of exposure, and, by inference, any exposure greater than the AD1 is  seen as ~nacceptable." 
This strict demarcation between what is "acceptable" and what is "unacceptable" i s  contrary to the views of 
most toxicologists, who typically interpret the AD1 as a relatively crude estimate of a level of chronic exposure 
which is  not likely to result in adverse effects to humans. The AD1 is generally viewed by risk assessors as a 
"soft" estimate, whose bounds of uncertainty can span an order of magnitude. That is, within reasonable limits, 
while exposures somewhat higher than the ADi are associated with increased probability of adverse effects, that 
probability is  not a certainty. Similarly, while the AD1 is seen as a level at which the probability of adverse 
effects is low, the absence of all risk to all people cannot be assured at this level. 

Posslble limitations imposed on risk management decisions - Awareness of the "softness" of the AD1 
estimate, as discussed above, argues for careful case-by-case consideration of the toxicological implications of 
individual situation, so that ADls are not given a degree of significance that i s  scientifically unwarranted. In 
addition, the AD1 is  only one factor in a risk management decision and should not be used to the exclusion of 
other relevant factors. 

Development of different ADls by different programs - In addition to occasionally selecting different 
critical toxic effects, Agency scientists have reflected their best scientific judgments in the final AD1 by 
adopting factors different from the standard factors listed in Table 1. For.example, if the toxic endpoint for a 
chemical in experimental animals is the same as that which has been established for a related chemical in 
humans at similar doses, one could argue for an SF of less than the traditional 100. On the other hand, if the 
total toxicologic data base is  incomplete, one could argue that an additional SF should be included, both as a 
matter of prudent public policy and as an incentive to others to generate the appropriate data. 

Such practices, as employed by a number of scientists in different programs/agencies, exercising their best 
scientific judgment, have in some cases resulted in different ADls for the same chemical. The fact that 
different ADls were generated (for example, by adopting different SFs) can be a source of considerable 
confusion when the ADls are used exclusively in risk management decisionmaking. The existence of different 
ADls need not imply that any of them is more "wronge--or "right"--than the rest. It i s  more nearly a reflection of 
the honest difference in scientific judgment. 

However, on occasion, these differences in judgment of the scientific data, can be interpreted as differences in 
the management of the risk. As a result, scientists may be inappropriately impugned, and/or perfectly 
justifiable risk management decisions may be tainted by charges of "tampering with the science." This 
unfortunate state of affairs arises, at least in part, from treating the AD1 as an absoiute measure of safety. 

EPA Assessment of Risks Asociated with Systemic Toxicity 

The U.S. EPA approach to analyzing systemic toxicity data follow the general format set forth by NRC in its 
description of the risk assessment process (NRC, 1983). The determination of the presence of risk and i t s  
potential magnitude is made during the risk assessment process, which consists of hazard identification, dose- 
response assessment; exposure assessment, and risk characterization. Having been apprised by the risk assessor 
that a potential risk exists, the risk manager considers control options available under existing statutes and 
other relevant non-risk factors (e.g., benefits to be gained and costs to be incurred). All of these considerations 
go into the determination of the regulatory decision (Figure 1). 



Table 1. 	 Guidelines for the Use of Uncertainty Factors in Deriving Reference 
Doses and Modifying Factors 

Strndard Uno8rt.lnty F8cton (UFs): 
Use a 10-fold factor when extrapolating from valid experimental results in studies using 
prolonged exposure to average healthy humans. This factor i s  intended to account for the 
variation in sensitivity among the members of the human population and is referenced as 
"10H". 

Use an addit~onal 10-fold factor when extrapolating from valid results of long-term studies 
on experimental animals when results of studies of human exposure are not available or are 
inadequate. This factor i s  intended to account for the uncertainty involved in 
extrapolating from animal data to humans and is referenced as "10A". 

Use an additional 10-fold factor when extrapolating from less than chronic results on 
experimental animals when there are no useful long-term human data. This factor is  
intended to account for the uncertainty involved in extrapolating from less than chronic 
NOAELs to chronic NOAELs and is referenced as "10S". 

Use an additional 10-fold factor when deriving an WD from a LOAEL, instead of a NOAEL. 
This factor is intended to account for the uncertainty involved in extrapolating from 
LOAELs to NOAELs and is  referenced as "10L". 

ModItyIn# Factor (MF): 
Use professional judgment to determine the MF, which is  an additional uncertainty factor 
that is greater than zero and less than or equal to 10. The magnitude of the MF depends 
upon the professional assessment of scientific uncertainties of the study and data base not 
explicitly treated above; e.g., the completeness of the overall data base and the number of 
species tested. The default value for the MF is 1. 

*Source: Adapted from Dounon and Stara, 1983 

Evidence 
Type of effect - Exposure to a given chemical, depending on the dose employed, may result in a variety of toxic 
effects. These may range from gross effects, such as death, to more subtle biochemical, physiologic, or 
pathoiogic changes. In assessments of the risk posed by a chemical, the toxic endpoints from all available 
studies are considered, although primary attention usually is given to the effect (the "critical effect") 
exhibiting the lowest NOAEL. In the case of chemicals with limited data bases, additional toxicity testing 
may be necessav before an assessment can be made. 

brlncipal studies - Principal studies are those that contribute most signttlcantly to the qualitative assessment 
of whether or not a particular chemical is potentially a systemic toxicant in humans. In addition, they may be 



Flgure 1. 

Conceptual Framework for Rlsk Assessment and Risk Management* 

Risk Assessment 	 Risk Management 

Hazard Identification 	 Control O~tions 

Dose-Response Assessment 

(e.g., RfD) 


Risk Characterization >Regulatory Decision 

(e.g., Criterion) (e.g., RgD, Standard) 


*Source: Adapted from NRC, 1983 

used in the quantitative dose-response assessment phase of the risk assessment. These studies are of two types: 
studies of human populations (epidemiologic investigations) and studies using laboratory animals. 

1. 	 Epidemiologic studies - Human data are often useful in qualitatively establishing the presence of 
an adverse effect in exposed human populations. When there is information on the exposure level 
associated with an appropriate endpoint, epidemiologic studies can also provide the basis for a 
quantitative dose-response assessment. The presence of such data obviates the necessity of 
extrapolating from animals to humans; therefore, human studies, when available, are given first 
priority, with animal toxicity studies serving to.complement them. , 

In epidemiologic studies, confounding factors that are recognized can be controlled and measured, 
within limits. Case reports and acute exposures resulting in severe effects provide support for the 
choice of critical toxic effect, but they are often of limited utility in establishing a quantitative 
relationship between environmental exposures and anticipated effects. Available human studies on 
ingestion are usually of this nature. Cohort studies and clinical studies may contain exposure- 
response information that can be used in estimating effect levels, but the method of establishing 
exposure must be evaluated for validity and applicability. 

2. 	 Animal studies - For most chemicals, there is alack of appropriate information on effects in 
humans. In such cases, the principal studies are drawn from experiments conducted on nonhuman 
mammals, most often the rat, mouse, rabbit, guinea pig, hamster, dog, or monkey. 

Supporting studies - These studies provide supportive, rather than definitive, information and can include 
data from a wide variety of sources. For example, metabolic and other pharmacokinetics studies can provide 
insights into the mechanism of action of a particular compound. By comparing the metabolism of the chemical 
exhibiting the toxic effect in the animal with the metabolism found in humans, i t  may be possible to assess the 
potential for toxicity in humans or to estimate the equitoxic dose in humans. 

Similarly, in vitro studies can provide insights into the chemical's potential for biological activity; and under 
certain circumstances, consideration of structure-activity relationships between a chemical and other 



structurally related compounds can provide clues to the test chemical's possible toxicity. More reliable in vitro 
tests are presently being developed to minimize the need for live-animal testing. There is also increased 
emphasis on generating mechanism-of-action and pharmacokinetics information as a means of increasing 
understanding of toxic processes in humans and nonhumans. 

Route of exposure - The U.S. EPA often approaches the investigatlon of a chemical with a particular mute of 
exposure in mind (e.g., an oral exposure for a drinking water contaminant or an inhalation exposure for an air 
contaminant). In most cases, the toxicologic data base does not include detailed testing on all possible 
routes of administration, with their possibly significant differences In factors such as mechanism-of-action and 
bioavailabiiity. In general, the U.S. EPA's position is  that the potential for toxicity manifested via one route 

, 	 of exposure is  relevant to considerations of any other route of exposure, unless convincing evidence exists to 
the contrary. Consideration is given to potential differences in absorption or metabolism resulting from 
different routes of exposure, and whenever appropriate data (e.g., comparative metabolism studies) are 
available, the quantitative Impacts of these differences on the risk assessment are delineated. 

Length of exposure - The U.S. EPA is concerned about the potential toxic effects in humans associated with 
all possible exposules to chemicals. The magnitude, frequency, and duration of exposure may vary considerably 
in different situations. Animal studies are conducted using a variety of exposure durations (e.g., acute, 
subchronic, and chronic) and schedules (e.g., single, intermittent, or continuous dosing). Information from all 
these studies Is useful in the hazard identification phase of risk assessment. For example, overt neurological 
problems identified in high-dose acute studies tend to reinforce the observation of subtle neurological changes 
seen in low-dose chronic studies. Special attention is  given to studies involving low-dose, chronic exposures, 
since such exposures can elicit effects absent in higher dose, shorter exposures, through mechanisms such as 
accumulation of toxicants in the organisms. 

Quality of the study - Evaluation of individual studies in humans and animals requires the consideration of 
several factors associated with a study's hypothesis, design, execution, and interpretation. An ideal study 
addresses a clearly delineated hypothesis, follows a carefully prescribed protocol, and includes sufficient 
subsequent analysis to support its conclusions convincingly. 

In evaluating the results from such studies, consideration is given to many other factors, including chemical 
characterization of the compound(s) under study, the type of test species, similarities and differences between 
the test species and humans (e.g., chemical absorption and metabolism), the number of individuals in the study 
groups, the number of study groups, the spacing and choice of dose levels tested, the types of observations and 
methods of analysis, the nature of pathologic changes, the alteration in metabolic responses, the sex and age 
of test animals, and the route and duration of exposure. 

Weight-01-Evidence Determination 
As the culmination of the hazard identification step, a discussion of the weight-of-evidence summarizes the 
highlights of the information gleaned from the principal and supportive studies. Emphasis is given to 
examining the results from different studies to determine the extent to which a consistent, plausible picture of 
toxicity emerges. For example, the following factors add to the weight of the evidence that the chemical poses 
e hazard to humans: similar results in replicated animal studies by different investigatom similar effects across 
sex, strain, species, and route of exposure; clear evidence of a dose-response relationship; a plausible relation 
between data on metabolism, postulated mechanism-of-action, and the effect of concern; similar toxicity 
exhibited by structurally related compounds; and some link between the chemical and evidence of the effect of 
concern in humans. 

Concepts and Problems 
Empirical observations have generally revealed that as the dosage of a toxicant i s  increased, the toxic response 
(in terms of severity andlor incidence of effect) also increases. This dose-response relationship is well- founded 
in the theory and practice of toxicology and pharmacology. Such behavior i s  observed in the following 
instances: in quanta1 responses, in which the proportion of responding individuals in a population increases 
with dose; in graded responses, in which the severity of the toxic response within an individual increases 



with dose; and in continuous responses, in which changes in a biological parameter (e.g., body or organ 
weight) vary with dose. 

In evaluating a dose-response relationship, certain difficulties arise. For example, one must decide on the 
critical endpoint to measure as the "response." One must also decide on the correct measure of "doole." In 
addition to the interspecies extrapolation aspects of the question of the appropriate units for dose, the more 
fundamental question of administered dose versus abwrbed dose versus target organ dose should be considered. 
These questions are the subject of much current research. 

sslsctlon of UIB Critical Dam 
Crltlcal study - Data from experimental studies in laboratory animals are often selected as the governing 
information when performing quantitative risk assessments, since available human data are usually insufficient 
for this purpose. These animal studies typically reflect situations in which exposure to the toxicant has been 
carefully controlled and the problems of heterogeneity of the exposed population and concurrent exposures to 
other toxicants have been minimized. In evaluating animal data, a series of professional judgments are made 
which involve, among others, consideration of the scientific quality of the studies. Presented with data from 
several animal studies, the risk assessor first seeks to identify the animal model that is most relevant to humans, 
based on the most defensible biological rationale (e.g., for instance using comparative pharmacokinetics data). 
In the absence of a clearly most relevant species, the most sensitive species (i.e., the species showing a toxic 
effect at the lowest administered dose) is used by risk assessors at U.S. EPA, since there is  no assurance that 
humans are not at least as innately sensitive as the most sensitive species tested. This selection process is  more 
dltficult when the routes of exposure in the animal tests are different from those involved in the human 
situation under investigation. In order to use data from controlled studies of genetically homogeneous 
animals, the risk assessor must also extrapolate from animals to humans and from high experimentai doses to 
comparatively low environmental exposures, and must account for human heterogeneity and possible concurrent 
human exposures to other chemicals. 

Although for most chemicals there is a lack of well-controlled cohort studies investigating noncancer 
endpoints, in some cases an epidemiologic study may be selected as the critical data (e.9.. in cases of 
choiinesterase inhibition). Risk assessments based on human data have the advantage of avoiding the problems 
inherent in interspecies extrapolation. In many instances, use of such studies, as is the case with animal 
investigations, involves extrapolation from relatively high doses (such as those found in occupational 
settings) to the low doses found in the environmental situations to which the general population is more 
likely to be exposed. in some cases, a well-designed and well-conducted epidemiologic study that shows no 
association between known exposures and toxicity can be used to directly project an WD (as has been done in 
the case of fluoride). 

Critical data - In the simplest terms, an experimentai exposure level is selected from the critical study that 
represents the highest level tested in which-ko adverse effect7~was demonstrated. This "no-observed-adverse- 
effect-level" (NOAEL) is the key datum gleaned from the study of the dose-response relationship and, 
traditionally, is the primary basis for the scientific evaluation of the risk posed to humans by systemic 
toxicants. This approach is based on the assumption that If the critical toxic effect is prevented, then all 
toxic effects are prevented. 

More formally, the NOAEL is defined in this discussion as the highest experimental dose of a chemical at which 
there is no statistically or biologically significant Increase in frequency or severity of an adverse effect in 
indlviduals in an exposed group when compared with individuals in an appropriate control group. As noted 
above, there may be sound professional dmerences of opinion in judging whether or not a particular response is 
adverse. In addition, the NOAEL is a function of the sue of the population under study. Studies with a small 
number of subjects are less llkely to detect lowdose elfcctr than studies using larger numbers of subjects. ~lso, 
if the interval between doses in an experiment is large, it is possibie that the experimentally determined 
NOAEL is  lower than that which would be observed in a study using intemning doses. 

Critical endpoint .- Ac noted under Traditional Approach to h s s i n g  Systemic Toxicity", a chemical may 
elicit more than one toxic effect (endpoint), even in one test animal, or in tests of the same or different 
duratlon (acute, subchronic, and chronic exposure studks). In general, NOAEb for these effcctr will differ. The 
critical endpoint used in the dose- response assessment is the effect exhibiting the lowest NOAEL. 



Reference Do18 (RID) 
The reference dose (RfD) and uncertainty factor (UF) concepts have been developed by the RfD Work Croup in 
response to many of the problems associated with ADls and SFs, as outlined under 'Traditional Approach to 
Assessing Systemic Toxicity" above, The RfD is  a benchmark dose operationally derived from the NOAEL by 
consistent application of generally order-of-magnitude uncertainty factors (UFs) that reflect various types of 
data sets used to estimate RfDs. For example, a valid chronic animal NOAEL is normally divided by an UF of 
100. In addition, a modifying factor (MF), is  sometimes used which i s  based on a professional judgment of 
the entire data base of the chemical. These factors and their rationals are presented in Table 1. 

The RfD is  determined by use of the following equation: 

RfD = NOAEL I(UF x MF) 

which is the functional equivalent of Equation 1. In general, the WD is an estimate (with uncertainty 
spanning perhaps an order-of-magnitude) of a daily exposure to the human population (including sensitive 
subgroups) that Is likely to be without an appreciable risk of deleterious effects during a lifetime. The WD is  
generally expressed In units of milligrams per kilogram of body weight per day (mglkglday). 

The RfD is useful as a reference point from which to gauge the potential effects of the chemical at other doses. 
Usually, doses less than the RfD are not likely to be associated with adverse health risks, and are therefore less 
likely to be of regulatory concern. As the frequency andlor magnitude of the exposures exceeding the RfD 
increase, the probability of adverse effects in a human population increases. However, it should not be 
categorically concluded that all doses below the WD are "acceptable" (or will be risk-free) and that all doses 
in excess of the RfD are "unacceptable" (or will result in adverse effects). 

The U.S. EPA is attempting to standardize its approach to determining RfDs. The RfD Work Group has 
developed a systematic approach to summarizing its evaluations, conclusions, and reservations regarding RfDs ' 
in a "cover sheet" of a few pages in length. The cover sheet includes a statement on the confidence (high, 
medium, or low) the evaluators have in the stability of the RfD. High confidence indicates the judgment that 
the RfD is unlikely to change in the future because there is  consistency among the toxic responses observed in 
different sexes, species, study designs, or in dose-response relationships, or that the reasons for existing 
diierences are well understood. High confidence is often given to RfDs that are based on human data for the 
exposure route of concern, since in such cases the problems of interspecies extrapolation have been avoided. 
Low confidence indicates the judgment that the data supporting the WD may be of limited quality andlor 
quantity and that additional information could result in a change in the RfD. 

Exposure Aurmmnt  
The third step in the risk assessment process focuses on exposure issues. For a full discussion of exposure 
assessment, consult U.S. EPA's guidelines on the subject (U.S. EPA, 1987). In brief, the exposure assessment 
includes consideration of the size and nature of the populations exposed and the magnitude, frequency, 
duration and routes of exposure, as well as evaluation of the nature of the exposed populations. 

Risk Char8oterlrrtlon 
Risk characterization is the final step in the risk assessment process and the first input to the risk management 
(regulatory action) process. The purpose of risk characterization is to present the risk manager with a synopsis 
and synthesis of all the data that should contribute to a condusion with regard to the nature and extent of the 
risk, including: 

a. 	 The qualitative ("weight-of-evidence") conclusions as to the likelihood that the chemical may pose 
a hazard to human health. 

b. 	 A discussion of the dose-response information considered in deriving the RfD, including the UFs 
and MFs us&. 

c. 	 Data on the shapes and slopes of the dose-response curves for the various toxic endpoints, 
toxicodynamics (absorption and metabolism), structure-activity correlations, and the nature and 
severity of the observed effects. 



- d. Estimatesof the nature and extent of the exposure and the number and types of people exposed. 

e. 	 Discussion of the overall uncertainty in'the analysis, including the major assumptions made, 
scientific judgments employed, and an estimate of the degree of conservatism involved. 

In the risk characterization process, a comparison is  made between the WD and the estimated (calculated or 
measured) exposure dose (EED). The EED should include ail sources and mutes of exposure involved. If the EED 
is less than the WD, the need for regulatory concern i s  likely to be small. 

An alternative measure that may be useful to some risk managers is the margin of exposure (MOE), which is the 
magnitude by which the NOAEL of the critical toxic effect exceeds the estimated exposure dose (EED), where 
both are expressed in the same unitr: 

MOE =,NOAEL (experimental dose) IEED (human dose). 

When the MOE is equal to or greater than UF x MF,'the need for regulatory concern is likely to be small. 

"Hypothetical, Simplified Example of Determining and Using RfD" contains an example of the use of the 
concepts of NOAEL, UF, MF, RfD, €ED, and MOE. 

Appllcatlon In Risk Management 

Once the risk characterization is  completed, the focus turns to risk management. In reaching decisions, the risk 
manager utilizes the results of risk assessment, other technological factors, and legal, economic and social 
considerations in reaching a regulatory decision. These additional factors include efficiency, timeliness, 
equity, administrative simplicity, consistency, public acceptability, technological feasibility, and nature of 
the legislative mandate. 

Because of the way these risk management factors may impact different cases, consistent -- but not necessarily 
identical -- risk management decisions must be made on a case-by-case basis. For example, the Clean Water Act 
calls for decisions with "an ample margin of safety"; the Federal Insecticide, Fungicide and Rodenticide Act 
(FiFRA) calls for "an ample margin of safety," taking benefits into account; and the Safe Drinking Water Act 
(SDWA) calls for standards which protect the public "to the extent feasible." Consequently, it i s  entirely 
possible and appropriate that a chemical with a specific RfD may be regulated under different statutes and 
situations through the use of different "regulatory doses (RgDs)." 

That is, after carefully considering.the various risk andhonrisk factors; regulatory options, and statutory 
mandates in a given case (i),the risk manager selects the appropriate statutory alternative for arriving at an 
"ample" or "adequatebargin of exposure [MOE(i)]. As shown in Equation 2 below, this procedure establishes 
the reguiatory dose, RgD(I) (e.g., a tolerance under FlFRA or a maximum contaminant level under SDWA), 
applicable to the case in question: 

RgD(i) = NOAEL IMOE(i) 	 (Equation 2) 

Note that different RgDs are possible for a given chemical with a single WD. Note also that comparing the WD 
to a particular RgD(i) is  equivalent to comparing the MOE(i) with the UF x MF: 

RfDlRgD(i) = MOE(I) 1(UF x MF). 

In assessing the significance of a case in which the RgD is greater (or less) than the WD, the risk manager 
should carefully consider the case- specific data compiled by the risk assessors, as discussed under "Risk 
Characterization" .In some cases, additional explanation and interpretation, may be required from the risk 
assessors in order to arrive at a responsible and clearly articulated final decision the RgD. 

It i s  generally useful to the risk manager to have information regarding the contribution to the WD from various 
environmental media (e.g., air, water and food). Such information can provide insights that are helpful in 



choosing among available control options. However, in cases in which site-specific criteria are being 
considered, local exposures through various media can often be determined more accurately than exposure 
estimates based upon generic approaches. In such cases, the exposure assessor's role is  particularly important. 
For instance, at a given site, consumption of fish may clearly dominate the local exposure routes. while, on a 
national basis, fish consumption may play a minor role compared to ingestion of treated crops. 

Work is underway In the U.S. EPA to apportion the RfD among the various environmental media. For example, 
consider the case of a food-use pesticide which is  a contaminant in drinking water. In selecting among risk 
management actions under the Safe Drinking Water Act, it might be prudent to assume an RfD for drinking water 
purposes which ts some fraction of the total WD. Such an apportionment would explicitly acknowledge the 
possible additional exposure from ingestion of treated crops. The apportionment of the WD would, in general, 
provide additional guidance for risk managers of the various media- specific programs. 

Other Directlons 

In addition to the development of reference doses, the U.S. EPA is pursuing other lines of investigation for 
systemic toxicity. For example, the Office of Air Quality Planning and Standards is using probabilistic risk 
assessment procedures for criteria pollutants. In this procedure, the population at risk is characterized, and the 
likelihood of the occurrence of various effects is  predicted through the use of available scientific literature and 
of scientific experts' rendering their judgments concerning dose-response relationships. This dose-response 
information is then combined with the results of the exposure analysis to generate population risk estimates for 
alternative standards. Through the use of these procedures, decisionmakers are presented with ranges of risk 
estimates in which uncertainties associated with both the toxicity and exposure information are explicitly 
considered. The Office of Policy, Planning and Evaluation is  investigating similar procedures in order to 
balance health risk and cost. In addition, scientists in the Office of Research and Development have initiated 
a series of studies designed to increase the reliability of risk assessments. They are investigating the use of 
extrapolation models as a means of estimating RfDs, taking into account the statistical variability of the 
NOAEL and underlying UFs. ORD is  also exploring procedures for conducting health risk assessments that 
involve less- than-l~fetime exposures. Finally, they are working on approaches to ranking the severity of 
different toxic effects. 

Hypothetical, Simpllfied Example of Determining and Uslng RfD 

Experim8ntel RasuIts 
Suppose the U.S. EPA had a swnd.90-day subchronic gavage study in rats with the data in Table 2. 

. 
Determination of the Reference Dose (RID) 
Uslng the NOAEL - 8ecause the study is on animals and of subchronic duration, 

UF L 10H x 10A x 10s = 1000 (Table 1) 

in addition, there is a subjective adjustment (MF) bawd on the high number of animals (250) per dose group: 
MF = 0.8. These factors then give UF x MF = 800, so that 

RfD = NOAELI(UF x MF) = 51800 = 0.006 (mglkglday). 

Kl l  



Table 2. Hypothetical Data t o  Illustrate the Reference Dose Concept 

Dore Observation Effect Level 
mglkglday 

0 ContmCno adverse effects observed -
1 No statistically or biologically significant differences NOEL 

between treated and control animals 

5 % decrease' in body weight gain (not considered to be 
of biological significance); increased ratio of liver 

NOAEL 

weight to body weight; histopathology indistinguishable 
from controls; evaluated liver enzyme levels 

25 20% decrease* in body weight gain; increased' ratio of LOAEL 
liver wei ht to body weight; enlarged, fatty liver with 
vacuole ?ormation; increased* liver enzyme levels 

'Statist~caliy significant compared to controls. 

* * 

Using the LOAEL - if the NOAEL is not available, and if 25 mglkglday had been the lowest dose tested that 
showed adverse effects, 

UF = lOH x 10A x 10s x lOL = 10.000 (Table 1). 

Using again the subjective adjustment of MF = 0.8, one obtains 

WD = LOAEU(UF x MF) = 2518000 = 0.003 (mglkglday). 

Risk Characterlatlon Conrldentlont 
Suppose the estimated exposure dose (EED) for humans exposed to the chemical under the proposed use panern 
were 0.01 mglkglday (i.e., the EED is greater than the WD). Viewed alternatively, the MOE is: 

MOE = NOAELIEED= 5 (mglkglday) 10.01 (mglkglday) = 500. 

Because the EED exceeds the RfD (and the MOE is less than the UF x MF), the risk manager will need to look 
carefully at the data set, the assumptions for both the WD and the exposure estimates, and the comments of the 
risk assessors. in addition, the risk manager will need to weigh the benefits associated with the case, and other 
non-risk factors, in reaching a decision on the regulatory dose (RgD). 
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CLS chemical RfD ql' Estimted RAC (qll) RAC LCmgll) 
&r Y a .elkglday lmlkglday 8CF RL: 10E-6 RL: 10E-6 

3% Lipid 0.0065 k g I W  0.020 kgldsy 
Consuptim Colamption 

5W00 FOrrldehyde 

50293 p.p'-DDI 

50328 Benzocal~rene 

51285 2.4.Dinitrophenol 

55105 Y - Y i  t r osod ie thy la in  

56235 Carbon tetrachloride 

56359 l r i b u t y l t i n  oxide 

56382 parathion 

57125 Cyanide, free 

57249 Strychnine 
-	 57749 Chlordne 

A 	 W W  m - H e x 8 c h l o r a ~ l ~ e r u *  

58W2 2.3.4.6-letr~hlorophwl 
60297 Ethyl ether 
60515 Dimthoate 
60571 Dieldrin 
62384 Phmylmcrcwic Metate 
62533 A n i  lin 
62TJ7 Oichlorvos 
62759 Y-Yitrosodirthylmine 
63252 Carbawl 
64186 Formic acid 
65850 Bmloic acid 
67561 Methanol 
61641 Acetone 
67663 Chloroform 
67721 Hexachloroethane 
70304 Hexachlorophent 
71363 n-Butanol 
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R ~ D  41. Es t ia ted  RAC ( ~ 1 )  MC (1111) 
WkUday 1111kgIday M F  RL: l a - 6  RL: 1 4 - 6  

3%Lip id  0.0065 kg1d.y 0.020 kW&y 
C m s u p t i m  Cmsrrption 

71432 B n u n r  
715% l. l .1-lr ichlwocthrw 
722W Endrin 
72435 Kethoaychlor 

7 . 3 8  P.P1-m 
72559 p.p'-DOE 
74839 B r o r r r t h r w  
74908 Wydmgen cymide 
750M Acetonitrile 
nom ~ c e t ~ ~ d t h y d c  
75092 Oichlwolcthrw 
75150 Carbm d i w l f i d e  
75252 B r m f o n  
75274 8: d i c h l w o l c t h n c  
75354 1.1-Dichloroethylm 
756% T r i c h l o r ~ f l w r o n r t h r w  
75710 Dichlorodi f lwrolcthrw 
75876 Chloral 
75990 Dalspon, s a d i u  sal t  
76131 CFC-113 
76448 Weptwhlw 
77476 Heaachloroc~ lqxntd i& 
77781 Dimethyl sulfate 
78002 Tetraethyl l e d  
M4M Mrphos oxide 
78591 lsqhorone 
78031 l s h t y l  alcohol 
78854 2 -Ch lo rh tme 
7W33 Methyl ethyl ketone 
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U S  Chemical Sf0 91. Estimted RAC (mgll) 
nrbcr Y a e  nglkglday ln~lkglday 0CF UL: l a - 6  

3% Lipid 0.0065 kg/* 
Cmsupt ion 

79005 1.1.2-lrichlorathne 

79016 l r ichlorathylene 

79061 Acrylaide 

79107 Acrylic r i d  

79221 Methyl chlorocarbmste 

79345 1.1.2.2-letruhlorathnc 

-7 Bishprol  A. 

81012 warfarin 

82608 Pmtrh loron i  trobcnzme 

03796 R o t m m  
- 84662 Diethyl phthalate 

W 
84720 Ethylphthalyl ethylplycotate 

84762 Dibutyl phthalnte 

05007 O i w t  

85449 Phthalic d v d r i d e  

85607 0utyI b tmy l  phthalate 

05701 mtylphthalyl butylglycolate 

06306 Y-Yitrosodiphenytain 

87603 Weaachlwobutdim 

87821 Ueaabrambmzme 

87865 Pmtrhlorophmol 

(IMMZ 2.4.6-rrichlorophmol 

0 5 7  Oimseb 


P 91961 3.3'-dich~oro&nzidine 

10 92524 1.1-~ipheny~ 

h) 
92875 0 m z i d i n  
93652 KPP 

0 93721 2.4.5-TP 

Ln 93765 2 .4 .5 - I r ich lorophe~xyxet icacid 

RAC (1911) 
RL: 10E-6 
0.020 kgldey 
Cmsupt ion 
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RfO 41. Est ia ted MAC (ma10 W (mgll) 
mg1kpld.r l.p/kglday BCF RL: l a - 6  RL: l a - 6  

3% Lipid 0.0065 kgldoy 0.020 kgl&y 
Cmsl rp t im Cornuption 

?47M llCPA 
94757 2.4-Oichlorophoxyacetic acid 
94815 KPB 
94826 4-(2.4-Oichlorophcmr~tyr ic  acid 
95487 o-Cresol 
95498 o - h l o r o t o l u m  
95501 1.2-O~chlorobenrene 
95578 2-Chloropheml 
95658 3.4-Oiaethylphmol 
95943 1.2.4.5-Ietrrhlorobmzene 
95954 2.4.5-Trichloropheml 
96184 1.2.3-lrichloropropur 
90011 iur fural  
90077 Omzotrichloride 
9w.M C u r r r r  
psMZ Acetophenme 
98953 l i t rc&nzene 
99354 1.3.5-Trinitrobmzm 
99650 a-Oinitrobenzm 

100614 Ethylbenzene 
100625 S t r m  

100447 Bmzyl chloride 
100527 icnzaldehyde 
101213 Chlorprqha (CIPC) 
101553 p-Bramdipheriyl ether 
101611 44 ' l le thy ld is (WW~dir r fhy l )mi l im 
103231 Oi-(2-ethy1hexyl)adipste 
103333 Azd lmzm 
105602 Caprolactm 



Page No. 5 
09128190 

USE ONLY FOR SCREEWIUG Values f r m  I R I S  V I l IW 
Consult IRIS tor Vpdatc ad uhmever Possible. Site Specific 

Lipid, C m s u w t i m  ad Bioaccur lat im Factors Should be 
Used i n  Applicstim of U C  i n  Regulatory Action. 

cks c h n i c s ~  RfD 41. Est ia ted RAC (mgll) RAC (mgll) 
R.ber Y m e  nslkgldw lnslksldar SCF : 6 EL: 10E-6 

3X Lipid 0.W5 kglday 0.020 kglday 
ccnslnpticn Consurptim 

106376 1.4-Oibrmbenzm 
106445 p-Cresol 
106478 p-Chloraaniline 
1M8W Epichlorohydrin 
1069U 1.2-Dibrolathuu 
106WO 1.3-lutodiene 
107028 Acrolein 
107021 A l l y l  chloride 
107062 1.2-Dichlorathar 
107131 Ac ry lm i t r i l e  
107186 Ally1 alcohol 
107211 Ethylene glycol 
101502 Chloracthyl methyl ether 
100101 Methyl isobutyl k c t o n  
108316 Msleic h y d r i d e  
lC83% m-cresol 
108452 i - P h e n r l d i a i n e  
lWYl3 Toluene 
tOE907 Chlorobenrene 
1011918 Cycloheaylnim 
1 m 1  ~ l o h e l l w r r  
100952 Phenol 
10WV3 1-Chlorobutar 
110009 Furm 
110543 n-Ileame 
l l W 1  P y r i d i n  
111444 Bis(chlwoethy0ether 
114261 Banm 
ll5ZP7 Endosulfa 
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Lipid. Consuption ad i l i o a c c w l a t i m  factors Should k 

Used i n  l p p l i c e t i m  of RAC i n  Regulatory Actim. 


RfO 41. E s t i a M  ~ A c  (mgll) RAC (mglll 
rp lkgldw IWkgIday K F  RL: 10E-6 RL: 10E-6 

3% Lipid O.W65 kg1d.y 0.020 kg/day 
Co~~.lpt imConslnptim 

115322 Dicofol 

11W i ld i ca rb  

117817 Bis(2-ethylheryl)phth.lste 

118741 Wex~lorobmzem 

118967 2.4.6-lr initrotolum 

120127 inthrecem 

120616 Dimthyl  tercphthalate 

120821 1.2,~~lr ichlorabwene 

lZOIlS2 2 . 4 - O i c h l o r ~ ~ l  


- 121142 2.412.6-Oinitrotolum mixture 

h 121697 Y-*-Dimethylmil in 
121755 Malathion 
121824 21K 
122349 S i a t i n  
122394 O i p h c n y l r i n  
122429 Prophm 
122667 1.2-Oiphenylhydrazim 
123331 Waleic hyb.zide 
123911 1.4-Oioun 
124403 D imethy la in  
124481 Oibrm%hlormethne 
126W7 t le thscwlmi t r i  l e  
127104 letrechlorocthylene 
1ZPWO Pyren 
131113 Oimethyl phthalate 
1318'95 4.6-Oinitro-O-cyclohexylphenol 
133062 Captan 
133073 Folpet 

133904 Chlwabrn 
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U S  Chemical rfo ql* Esti lated RAC (-/I) RAC tnq/l) 
m r  Y e wqlkgl&y lnl lkglday BCF 11: l C - 6  RL: l t - 6  

3%L ip id  0.0065 kglday 0.020 kgldw 
Consmption C m s q t i m  

137268 Rirm 

139402 Proparire 

141662 l i d r i s  

141786 Ethyl acetate 

143339 Sodium cyanide 

145733 Endotha1l 

148185 Sodiun diethyld i th ioc.rbate 

150505 Merpha 

15tSW Potass iu  cymldc 

15660s trm-1.2-Dichlorocthyln*
- -0 F lwrmthme 

b 

i38WD Methyl p r m t h i m  

-4 Disul fotm 

30076S Wa.(ed 

302012 Wydrazinelllydrazine rut fate 

309W Aldr in 

3 1 W b  alpha-WerrhlwocyclaheaIIC 

319057 beta-ucauhlorocyclahexone 

31WM &l ta -Heauh lo rayc lohea~~  

330541 Diurm 

33M52 L i n r a ,  

460195 Cynogm 

504245 4-Amiwidine 

506616 Potasaim 8i lver  cyanide 

506649 Silver cyanide 

506663 Cyasgen brol ide 

SO6774 Chlorine cymide 

Son00 t - luty lchlor ide 

510156 Chlorobmzilate 
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RfD ql* 
rplkgldav /rplk91day 

Estimated RAC (mgll) 
BCF RL: 1%-6 

RAC ( W 1 )  
RL: 1%-6 

3X Lipid 0.0065 kglday 0.020 kglday 
Cmsuption C o m q t i o n  

541731 1.3-Dichlorcbmzm 
542621 B a r i u  cymidc 
5427% 1.3-Dichlorqwapn 
542881 Bis(chIorolrthyl)ether 
544923 C o p p r  cyanide 
556087 litr-idine 
5 m 7  Witrowmidine 
557211 Zinc cvmidc 
563122 E th im 

- 5 6 W O T h a l l i u  acetate 
m 576261 2.6-Dinethylphenol 

592018 C a l c i u  cymide 
598776 1,l.Z-Trichloropropme 
608731 trh-Hexachlwayclohexnc 
608935 P e n t a c h l o r ~ z ~  
615543 1 . 2 . 4 - l r i b ~ m  
621667 Y-litrorodi-Y-prqrylmine 
63D101 S~lemurea 
630206 1.1.1.2-Tetrachlaoethane 
7O%W Propani 1 
732116 Wouct 
759944 S-Ethyl d ip rqy l th iaa rbns te  
765344 Clycidyeldehyde 
I334128 lnctryn 

I-' 06500 l e r b u t m  

rO 924163 Y-Yitroso-di-n-butvlmine 
930552 Y - Y i  trosqryrrolidine 

h) 944229 Fmofos 

I-' 950370 Methidathim 

0 
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RfO 91' Estlmted UC (-11) I A C  (WI) 
Wks1d.y l r l lkglday M F  RL: 1E-6 RL: 1E-6  

3% l i p i d  0.0065 kW&y 0.020 kn1d.y 
C-tim Cmsup t im  

m n i 7  oiprrmid 
Pa1115 Ietrahlaovlrpha 


102457) w u h l o r  gox i&  

1ma%Slyphout. 

l l W 7  ~ ~ i c r ~ f . t h m l r i n c  

1163195 Dec.brosdiChy1 ether 

131~15 r w t i c  mi& 

1314621 Wiup n t m l d c  

1314M7 Zinc DhaEhidc 


- 13020T X y t . m  

b 	 tUZZl4 Asbut-
1336363 Colychlorir*tcd b ipkay l r  
16457% O i i r ~ w lr t h y l  plosphaute 
1SdSddZ C.rbofUrn 
(WOW l r i f l u r a l i n  
15-5 i l a r  
1610180 P-tm 
16MM Aldicarb r u l f m  
16W045 Bramami I 
lddPWZ hamoxpit  octemate 
1861321 Outhal 
1661601 menefin 
1W76M Chlorothalmil 
1910125 Par.quet 
1912249 Atrazine 
1918009 Oic- 
1918021 P i c l o r r  
1918167 Propschlor 
1929777 V e r m  
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~ f o  41. E s t i r t e d  a ~ c(~JII) RAC ( ~ 1 1 )  
r)/kg/daV IWkglday BCF EL: 10E-6 RL: 10E-6 

3%Lipid 0.0065 kg1d.y 0.020 kglday 
Cornuption Cansuption 

1V2RV4 N i t r q y r i n  

200%15 Ulty late 

2050677 p.pl-Dibraodiphenyl ether 

21-5 EPU 

216&1n Fluorturon 

2212671 )(olsrute 

2303175 I r i a l l a t e  

2310170 P h m a l m  

25123% Proprp i te  

2 W W  il irea 

2425061 Cptafo l  

2439103 Oodine 

2691410 Octahydm-1.3.3.7-tetrmifro-1.3.5. 

ZP21M2 Chlorpyrifoa 

3337711 Aaulm 

XWZ45 T e t m t h y l d i t h i ~ o p h a p h . t e  

52- Carbonin 

5902112 Terbc i l  

6100107 epsitan-Uerachlarocyclohtxw~ 

6533739 Thal liucedwmte 

72871% Pro r t r yn  

743W21 L e d  a d  coapouda 

7439965 I imgaure 

7439976 Mercury. (inorganic) 


t-' 7440020 Nickel. 'soluble ~ L t s  
7440144 Radiun 226 .nd 228

ID 7440144 Rad iu  228 t a d  226) 

h) 7440224 Silver 

t-' 7440364 Anti- 

h) 
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U S  Chemical Rfb 41. Estimntd RAC (npll) RAC l(411) 

nuber Yome .~glkg/dav /(4/kgIdav BCF RL: ICE-6 RL: 1M-6 
3% Lipid 0.- kgldey 0.020 kgldey 

Commption Consmption 

7440382 Arsenic. inorganic 
7440393 Bar im 
744Q417 & r y l l i u  
7440620 norm (Borm and Borates mlv) 
7440439 a i m  
7440673 ChrmiuNVI 
744mos C s p r  
7-11 Uranim, nstural 
7446186 I h a l l i u ~ . I )  sulfate 
7723140 m i t e  phosphorus 
mM60 lnmiun su l faa te  
7702414 Fluorine ( s o l ~ l e  fluoride) 
T10 sclenious =id 
7MlW Wasen sulf ide 
7791120 l h a l l i u  chloride 
no3512 maphim 
m a 5 2  rorsphm 
MW)150V Creosote 
MW452 cake ovm missions 
8065483 o w t o n  

10102439 N i t r i c  oxide 
10102440 nitrogen dioxide 
10102451 l h a l l i u  n i t ra te  
10265926 mthwidophos 
10553868 Rcsmethrin 
10595956 N-l i troso- W-lethvlcthvlmim 
12035722 Nickel s b u l  f ide 
12039520 lhal lim selenlte 
12122677 Z i n e b  
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Lipid, C-t im and B i o r c w l a t i o n  Factors should be 
Used i n  i p p l i c a t i m  of UC i n  Regulatory Actim. 

RID 41. E r t i r t e d  RAC (Wl) UC ( W 1 )  

W k W 6 1  I ~ f k W d a y  Kf RL: l a - 6  11: l a - 6  
3% Lip id  0.0065 kW6y 0.020 k W W  

C a a u p t  im C a a u p t i m  

12427382 *neb 

13663393 Nickel urtmyl 

1 5 5 m  alilUl@ms 

1W34634 P h r r d i p h m  

147975% Nitrate 

14797650 N i t r i t e  

1485W77 Radon 222 

15299997 Y.propmide 

159726OIl AlHhlor 


- 16IMSOSl ChrolitmCllI) 

A ids7ze.m ~thcphar 

N 16752775 l l c thoy l  


17804352 Bcrrmyl 

19OUM3 O ~ t a l 
in 

194OB743 Hexuhlorodibento-p-dioxin mixture 

19666509 Oaadiatm 

ZMS9M A I u i n r  Phosphide 

21M7649 i k t r i l u z i n  

21725662 Cymazine 

22224926 Fenaiphos 

22967926 Methyl r r c u r y  

23135220 O x q l  

23S64OM Ihiophnrte-methyl 

23950M5 Pronmidc 

24307264 N e p i p t  chloride P 250578'20 Bentazm 
25329355 Pentachlorocyclopntadim 

h) 266211228 Sodim azide 

P 
27314132 Yorf lurazm 

I@ 

10 
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RfO 41. Ert imted RAC (dl) RAC (nJIt) 
mg/tglday /w/kg/dsr B Q  RL: l a - 6  RL: l a - 6  

3% Lipid 0.0065 kg/& 0.020 kslday 
Cmsurptim Cmnrptim 

28269776 lh iabararb 
29232937 Pirimi@tos-lrthyl 

30560191 Inph.tt 

32536819 P c n t l b r d i C h s y l  ether 

U5365ZO 0ct.braodiphcnyl ether 

33069611 Amitrat 

33020530 lsop.qu l in  

WO14181 l e h t h i u r m  

35367385 O i f l l l m ~ r n  

3 5 5 w  l n z m l i l  
- 3648WO i l c x l b r d i p h c n y l  ether 

4 

UI 367%197 l p r o d i m  (Rovral) 
J V l ~wsctyl -.I 

3951S418 Omitol  

3- Dis(2-chloroi.oproW1) tthW 

40088479 1etr.braodiChsyl ether 

6 ~ 7 4 2 1m i r a t h m l i n  (Prowl) 

61651507 C h l w o c y ~ l o p n t d i ~  

62874033 h y f  luwfen 

63121433 #.*leton 

63222W Oifmzoqut 


lr ibrolodiphtnyl ether 

50471bbE v i n c ~ o x o ~ i n  

51218452 i k to lwh to r  

51235Ob2 Weamzimrr 

516lwS1 w i n  

5231Mm Cypncthr ln  

5M15531 Pemth r in  

55285148 Carbooulfn 


6-
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Wl28IQO 

USE WLV FDI  SCREEYIYG Values f r m  IRIS 9111~0 


Consult IRIS for Update and Lhcmcr  Possible. Site Specific 

Lipid. C m s l q t i m  Md Bioaccw la t im  Factors Sh~uld be 


Used i n  AFplicatim of RAC i n  Regulatory Actim. 


RfO 91. Eatimted UC (*1lIl IIAC ( ~ 1 1 )  

l r l l k~ lday  I ~ l k g l d a y  WF RL: 1 4 - 6  RL: 1%-6 
3%Lipid 0.W65 kplday 0.020 kplday 

Conswt im C-tim 

55290647 O i r t h i p i n  

~ m 7 i 9 1m t ~ i ~ ~ ~  

581SM(V l r id iphme 

5 9 M Fluridom 

60207KI1 Propicmzole 

b056M50 Fwrcyc lo . .  

62476599 Sodiu  ac i f l uo l fm  

63936561 ilorubrmdi@myl ether 

64902R3 Chlorsulfurm 


-	 65195553 A v e m t i n  81 
662152?B C y r a r z i n  

d 


e 66332965 F l u t o l n i l  
b6&1256 f r a l o r t h r i n  
67485296 l d r o  
67147095 Prochlorsz 
b8Ot.5858 CyhalothrinlKeratc 
68359375 imythroid 
6940W45 Fluvelinmte 
69846402 Haloryfop-rthyl 
721.33020 Fmesafen 
R12WO Forse fm 
74M1802 Sethoxydim 
74115245 A p t l o  
74223646 A1 l y  
765711148 Lasure 
76738620 Paclobutrezol 
77182822 b l u f o r i n a t e - m i u  
77325043 lrichlwocyclopmttaiene 
77323854 le t r8ch lo rocyc lopn td im 
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USE WLV F a  SCREEWlWG values frm IRIS Plllh 
C m u l t  IRIS for ad UI-r Possible. Site Specific 


Lipid. C m u p t i m  ad ~ i o e c c w l a t i m  fsctors Shwld be 

Used in A w l i c s t i m  of RAC i n  newlatory Actim. 


RfO ql*  E s t i a t e d  RAC (3111) 
m/kg/daY J W k 9 l d a y  BCF RL: l a - 6  

RAC ImII) 

RL: 10E-6 


3X Lipid 0.W65 kglday 0.020 kgldny 
Comurptim C m s q t i m  

moia ~ w t o t m  
m587050 Sway 
nzmn II-
81335377 I n w i n  
813357lS Puraui t 
MILIS07 Isor .bn  
82657013 l iphmthr in  
830559% Lmdax 
65509199 M t a r  

-- MbTl l IW Systhnc 

UI 
90982324 Chlor iurm-ethyl  

1 0 l ~ B lExpress 
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