
I P O T W  OIL/Q 
EPAIS0512-90-00 1 
PB91-127415 I 

United States Office Of Water . Environmental Protection (EN -336) 
Agency March 1991 

GEPA Technical Support Document 
For Water Quality-based 
Toxics Control 

I -  

- 

@ Prmfed on Recycled Paper .. 





TECHNICAL SUPPORT DOCUMENT FOR 
WATER QUALITY-BASED TOXICS CONTROL 

- -  
n 



.E 

T 

E 



- I 

The US. Environmental Protection Agency (EPA) and the State pollution control agencies have been charged 
with enforcing the laws regarding pollution of the natural environment. Environmental pollution is an urgent and 
continuing problem and, consequently, the laws grant considerable discretion to the control authorities to define 
environmental goals and develop the means to attain them. Establishing environmentally protective levels and 
incorporating them in a decisionmaking process entails a considerable amount of scientific knowledge and 
judgment One area where scientific knowledge is rapidly changing concems the discharge of toxic pollutants to 
the Nation's surface waters. 

This document provides technical guidance for assessing and regulating the discharge of toxic substances to the 
waters of the United States. It was issued in support of EPA regulations and policy initiatives involving the 
application of biological and chemical assessment techniques to control toxic pollution to surface waters. This 
document is agency guidance only. It does not establish or affect legal rights or obligations. It does not establish 
a binding norm and is not finally determinative of the issues addressed. Agency decisions in any particular case 
will be made applying the law and regulations on the basis of specific facts when permits are issued or regulations 
promulgated. 

This document is expected to be revised periodically to reflect advances in th is  rapidly evolving area. Comments 
from users will be welcomed. Send comments to US. EPA, Mice of Water Enforcement and Permits, 401 M 
Street, SW, Mailcode EN366, Washington, DC 20460. 

James R Eider, Director / Office of Water Enforcement and Permits 
Mattha C. Prothro, Director 
Office of Water Regulations and Standards 
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The revised Technical Support Document for Water Quality-based 
Toxics Control PSD) provides States and Regions with guidance 
on procedures for use in the water quality-based control of toxic 
pollutants. It presents recommendations to regulatory authorities 
faced with the task of controlling the point source discharge of 
toxic pollutants to the Nation's waters. The document provides 
guidance for each step in the water quality-based toxics control 
process from standards development to compliance monitoring. 
60th human health and aquatic toxicity issues are incorporated 
into the discussions throughout the document The overall ap- 
proach in this revised document provides additional explanations 
and rationales based on accumulated experience and data for the 
various recommendations that were made in the original TSD. 
The following is a brief synopsis of the guidance provided in the 
TSD. 

Approaches to Water Quality-based Toxics Control 

The Envirqnmental Protection (EPA) surface toxics con- 
trol regulation, 54 FR 23868, June 2, 1989, established specific 
requirements that the "integrated" approach be used in water 
quality-bad toxics control. The "integrated" approach consists 
of whole effluent and chemical-specific approaches as a means of 
protecting aquatic life and human health. As techniques are 
made available for implementing biocriteria, they too should be 
integrated into the water qual i tyhed toxics control, thus creat- 
ing a triad of approachezr whde effiuent, chemical-specific, and 
biological assessments. Each approach has its limitations and 
thus, exclusive use of one approach alone cannot ensure required 
protection of aquatic l i i  and human health. The advantages/ 
disadvantages of each approach and how the integrated a p  
proach creates an effective toxics control program are discussed 
in the text 

The whole effluent approach to toxics control involves the use of 
toxicity tests and water quality criteria for the parameter "toxic- 
ity" to assess and control the aggregate toxicity of effluents. New 
references and information in support of the whole effluent toxic- 
ity assessment and control approach have been induded in Chap- 
ter 1 and associated appendices (e.g., precision data, justifications 
for acute-tothronic ratio recommendations, information on ana- 
lytical variability in toxicity testing). The chemical-speufic approach 
to aquatic life toxics control relies on numeric water quality 
criteria in State standards and interpretations of State narrative 
standards to assess and control specific toxicants individually. 

Water Quality Standards and Criteria 

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

Aquatic impacts occur not only from the magnitude of a pollut- 
ant, but also from the duration and frequency with which criteria 
are exceeded. EPA's recommended aquatic life criteria for both 
individual toxicants and whole effluent toxicity are specified as 
two numbers: the criterion continuous concentration is applied 
as a M a y  average concentration; and the criterion maximum 
concentration is applied as an 1 -hour average concentration. The 
frequency with which criteria are allowed to be exceeded de- 
pends on site-speutic factors as explained in the text 

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

EPA's recommended criteria for whole effluent toxicity are as 
follows: to protect aquatic life against chronic effects, the ambi- 
ent toxicity should not exceed 1 .O chronic toxic unit (TUc) to the 
most sensitive of a t  least three different test species. For protec- 
tion against acute effects, the ambient toxicity should not exceed 
0.3 acute toxic units (TU3 to the most sensitive of at least three 
different test species. 

EPA has developed recommended human health criteria, which 
are called reference ambient concentrations (RAG). In the ab- 
sence of EPA's recommended criteria, States may calculate RAG 
based on the equations in the text. In addition, the need for 
sediment and biological criteria in State water quality standards is 
discussed. 

Effluent Characterization 

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

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

Exposure and Wasteload Allocation 

A goal of pennit writers is to determine what effluent composition 
- will protect aquatic organisms and human health. Exposure 

assessment indudes an analysis of how much of the waterbody is 
s u b m  to the exceedance of criteria, for how long, and How 
frequently. The first step is to evaluate the effluent plume disper- 
sion. If mixing is not rapid and complete and if State standards 
allow a mixing zone, the wasteload allocation also must be based 
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on a mixing zone analysis. Chapter 5 describes the means to 
assess dilution a t  the edge of a mixing zone. As with the original 
TSD, ambient criteria to control acute toxicity to aquatic life may 
be met within a short distance of the outfall. However, this 
provision is no longer restricted to outfalls that have a high-rate 
diffuser. 

If mixing is rapid and complete, there are several models that can 
be used to assess exposure. Steady-state models assume that the 
effluent concentration is constant and that the duration and 
frequency with which criteria are exceeded can be reflected en- 
tirely by selecting a design flow in the receiving water of appropriate 
averaging period and frequency. 

Another means of modeling exposure is to use computer models 
that incorporate variability of the individual inputs (such as efflu- 
ent flow and concentration, receiving water flow, temperature, 
background concentration, etc.). These models are termed dy- 
namic models and are more accurate than steady-state models in 
reflecting or predicting exposure provided adequate data ex is t  
The acceptable effluent condition derived using these models is 
expressed as the effluent long-term average and variance, which 
greatly simplifies derivation of permit limits. Three dynamic 
modeling approaches are described along with instructions for 
their use. 

Permit Requirements 

The requirements of a wasteload allocation (WLA) must be trans- 
lated into a permit limit in the wastewater discharge permit. In 
many cases permit limits will be different than the WIA to reflea 
different assumptions and means of expressing effluent quality. 
Three types of WLAS are identified, and recommendations are 
provided for deriving permit limits to properly enforce each type 
of WIA. Other permit-related issues such as permit documenta- 
tion and how to express limitations are discussed. In addition, 
guidance for requiring and conducting toxicity reduction evalua- 
tions is presented. 

Compliance Monitoring 

The compliance monitoring and enforcement process for water 
quality-based permits summarized in Chapter 6 is based on exist- 
ing regulation and guidance. As with technology-based permits, 
any failure to meet a limit is a violation, and every violation must 
be reviewed to determine the appropriate response. Whole 
effluent toxicity monitoring and enforcement concepts embodied 
in the Complbnce Monitoring and hnforcement Strategy for Toxics 
Control (January 19,1989) have been added to th i s  revision. 
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UST OF ABBREVIATIONS 

AA 
ACR 
AD1 
AML 
ATC 
ATE 
AVS 
BAF 
BAT 
BCF 
B c r  
BMP 
BOD 

BPJ 
BPT 
ccc 
CEAM 
CETTP 
CFR 
CHC 
CMC 
m 
cv 
CWA 
DF 
DMR 
DO 
EC 
ECAO 
EMS 
EP 
EPA 
ERL 
FAV 
FDA 
FM 
GUMS 
HHC 
H PLC 

atomic absorption 
acute-tothronic ratio 
acceptable daily intake 
average monthly limit 
acceptable tissue concentration 
acute toxicity endpoint 
acid volatile sulfides 
bioaccumulation factor 
best available technology 
bioconcentration factor 
best conventional technology 
best management practice 
biochemical oxygen demand 
best professional judgment 
best practicable techndogy 
aiterip continuous concentration 
Center for Exposure Assessment Modeling (EPA) 
Complex Effluent Toxicity Testing Program 
Code of Federal Regulations 
chemical athighest concem 
criteria maximum concentration 
chronic toxiaty endpoint 
coefficient of variation 
Clean Water Act 
dilution factor 
discharge monitoring report 
dissolved oxygen 
effect concentration 
Environmental Criteria and Assessment Office 
Enforcement Management System 
equilibrium partitioning 
Environmental Protection Agency 
Environmental Research Laboratory (EPA) 
final acute value 
Food and Drug Administration 
food chain multipliers 
gas chromatograph/mass spectrometer 
human health criteria 
high-pressure liquid chromatography 

IC 
IRIS 

LA 
LC 
LOAEL 
LOEC 
LTA 
MCL 
MOL 
MERS 
ML 
NOAEL 
NOEC 
NPDES 
N T I S  
ONRW 
PCS 
POW 

PQL 

ql' 
QNQC 
QNCR 

Q U R  
RAC 
RfD 
RWC 

SQC 

inhibition concentration 
Integrated Risk Information System (EPA) 
load allocation 
lethal concentration 
lowest observed adverse effect level 
lowest observed effect concentration 
long-term awrage 
maximum contaminant levels 
maximum daily limit 
Monticdlo Ecological Research Station 
minimum level 
no observed adverse effect level 
no observed effect concentration 
National Pollutant Discharge Elimination System 
National Technical Information Service 
outstanding national resource waters 
Permit Compliance System 
publidy owned treatment works 
practical quantitation limit 
cancer potency factor 
quality assurancdquality control 
quarterty noncompliance report 
quantitative structure-activity relationships 
reference ambient concentration 
reference dose 
receiving water concentration 
sediment quality criteria 

STORET storage and retrieval of water quality information 
TIE toxicity identification evaluation 
W D L  total maximum daily load 
TRE toxicity reduction evaluation 
TSD technical support document 
TSS total suspended solids 
lT0 total toxic organics 
TU toxic unit 
TU, acute toxic unit 
TU, chronic toxic unit 
WQS water quality standard 
WIA wasteload allocation 
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ARM 
CHNTRN 
cms 
CIS 
CORMIX 1 
CTAP 
DESCON 

DFLOW 

DYNHYD4 
DYNTOX 
EXAMS-II 
FCM2 
FETRA 
U E r S  
FLOSTAT 

HHDFLOW 
HSPF 
MEXAMS 
MINTEQA2 
MlCH 

agricultural runoff model 
Channel Transport Model 
Complex Effluent Toxicity Information System 
Chemical Information System 
Comell Mixing Zone Expert System 
Chemical Transport and Analyrs Program 
computer program that estimates design condi- 
tions 
computer program that calculates biologically 
based design flows 
hydrodynamic model ' 

dynamic toxics model 
Exposure Analysis Modeling System 
WASP Food Chain Model 
Finite Element Transport Modd 
Food and Gill Exchange of Toxic Substances 
US. Geological Survey computer program that 
estimates the arithmetic mean flow and 741 0 of 
rivers and streams 
historic-&ily flow program 
Hydm&gic Simulation Program - FORTRAN 
Metals Exposure Analyss Modeling System 
Equilibrium Metals Speciation Model 
Michigan River Model 

NPS 

PSY 
SARAH2 

SERATRA 
SLSA 
TODAM 

TOXIWASP 
TOX14 
TOXIC 

UDKHDEN 

UUNE 
UMERCE 

UOUTPLM 

UPLUME 

WASP4 
wmox  

Nonpoint Source Model for Urban and Rural Ar- 
eas 
steady-state, two-dimensional plume model 
surface water assessment model for back calculat- 
ing reductions in biotic hazardous wastes 
Sediment Contaminant Transport Model 
Simplified Lake/Stream Analysis 
Transport One-Dimensional Degradation and Mi- 
gration Model 

a subset of WASP4 
Toxic Organic Transport and Bioaccumulation 
Model 
thdimensional model used for single or mul- 
tiple port diffusers 
uniform linear density flume model 
two-dimensional model used to analyze positively 

cooling tower plume model adapted for marine 
discharges 
numerical model that produces flux-average dilu- 
tions 
water quality analysis program 
Estuary and Stream Quality Model 

Chemical Transport and Fate Model L 

buoyant discharge r" 
i 

WQAB FLOW water quality analysis system flow data subroutine - 
L 
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absolute toxicity is the toxicity of the effluentwithout considering 
dilution. 

acute means a stimulus severe enough to rapidly induce an effect; 
in aquatic toxicity tests, an effect observed in 96 hours 
or less typically is considered acute. When referring to 
aquatic toxicology or human health, an acute affect is 
not always measured in terms of lethality. 

acute-to-drronic ratio (ACR) is the ratio of the acute toxicity of 
an effluent or a toxicant to its chronic toxicity. It is used 
as a factor for estimating chronic toxicity on the basis of 
acute toxicity data, or for estimating acute toxicity on 
the basis of chronic toxicity data. 

acutely toxic conditions are those acutely toxic to aquatic 
organisms following their short-term exposure within 
an affected area. 

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

additivity is the characteristic property of a mixture of toxicants 
that exhibits a total toxic effect equal to the arithmetic 
s u m  of the effects of the individual toxicants. 

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

antagonism is the ~Gracteristic propeqof a mixtureof toxicants 
that exhibits a less-than-additive total toxic effect. 

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

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

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

bioaccumulation is the process by which a compound is taken up 
by an aquatic organism, both from water and through 
food. 

bioaccumulation factor (BAF) is the ratio of a substance's 
concentration in tissueversus its concentration in ambient 
water, in situations where the organism and the food 
chain are exposed. 

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

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

bioconcentration is the process bywhich a compound is absorbed 
from .water through gills or epithelial tissues and is 
concentrated in the body. 

bioconcentration factor (BCF) is the ratio of a substance's 
concentration in tissueversus its concentration in water, 
in situations where the food chain is not exposed or 
contaminated. For nonmetabolized substances, it 
represents equilibrium partitioning between water and 
organisms. 

biological assessment isan evaluation of the biological condition 
of a waterbody using biological surveys and other direct 
measurements of resident biota in surface waters. 

biological criteria, also known as biocriteria, are narrative 
expressions or numeric values of the biological 
characteristics of aquatic communities based on 
appropriate reference conditions. 6iological criteria 
serve as an index of aquatic community health. 

biological integrity is the condition of the aquatic community 
inhabiting unimpaired waterbodies of aspecified habitat 
as measured by community structure and function. 

biological monitoring, also known as biomonitoring, describes 
the living organisms in water quality surveillance used to 
indicate compliance with water quality standards or 
effluent limits and to document water quality trends. 
Methods of biological monitoring may include, but are 
not limited to, toxicity testing such as ambient toxicity 
testing or whole effluent toxicity testing. 

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

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

cancerpotencyslopefactor (41') isan indication of a chemical's 
human cancer-causing potential derived using animal 
studies or epidemiological data on human exposure. It 
is based on extrapolating high-dose levels over short 
periodsof timeto lowdoselevelsand a lifetimeexposure 
period through the use of a linear model. 

chronic means a stimulus that lingers or continues for a relatively 
long period of time, often one-tenth of the life span or 
more. Chronic should be considered a relative term 
depending on the life span of an organism. The 
measurement of a chronic effect can be reduced growth, 
reduced reproduction, etc., in addition to lethality. 

chronic toxicity endpoints (CE) are results, such as a no 
observed effect concentration, lowest observed effect 
concentration, effect concentration, and inhibition 
concentration based on observations of reduced 
reproduction, growth, and/or survival from life cycle, 
partial life cycle, and early life stage tests with aquadc 
animal species. 
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coefficient of variation (CV) is a standard statistical measure of 
the relative variation of a distribution or set of data, 
defined as the standard deviation divided by the mean. 

community component is a general term that may pertain to the 
biotic guild (fish, invertebrates, algae), the taxonomic 
category (order, family, genus, species), the feeding 
strategy (herbivore, omnivore, predator), or the 
organizational level (individual, population, assemblage) 
of a biological entity within the aquatic community. 

completely mixed condition means no measurable difference in 
the concentration of a pollutant exists across a transect 
of the waterbody (e.g., does not vary by 5 percent). 

continuous simulation model is a fate and 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. 

criteria continuous concentration (CCC) is the €PA national 
water quality criteria recommendation for the highest 
instream concentration of a toxicant or an effluent to 
which organisms can be exposed indefinitely without 

criteria maximum concentration (CMC) is the EPA national 
water quality criteria recommendation for the highest 
instream concentration of a toxicant or an effluent to 
which organisms can be exposed for a brief period of 
time withoutmusing an acute effect. 

critical life stage is the period of time in an organism's lifespan 
in which it i r the most susceptible to adverse effects 
caused by exposure to toxicants, usually during early 
development (egg, embryo, larvae). Chronic toxicity 
tests are oftiri run on critical life stages to replace long 
duration, lifecycle tests since the most toxic effect 
usually occurs during the critical life stage. 

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

designated uses are those uses specified in water quality standards 
for each waterbody or segment whether or not they are 
being attained. 

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

diversity is the number and abundance of biological taxa in a 
specified location. 

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

equilibrium partitioning (EP) i9 a method for generating 
sediment critena that focuses on the chemical interaction 

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

causing unacceptable effect. 

. between sediments and contaminants. 

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

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

harmonic mean flow is  the number of daily flow measurements 
divided by the sum of the reciprocals of the flows. That 
is, it is the reciprocal of the mean of reciprocals., 

inhibition concentration (IC) is a point estimate of the toxicant 
concentration that would causea given percent reduction 
(e.g., IC=) in a nonlethal biological measurement of the 
test organisms, such as reproduction or growth. 

lethal concentration is the point estimate of the toxicant 
concentration thatwould be lethal to a given percentagee 
of the test organisms during a specific period. 

lipophilic is a high affinity for lipids (fats). 
load allocations (LA) are the portion of a receiving water's total 

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

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

log P (also expressed as log kow or as nsctanal/water 
partition coefficient) is the ratio, in a two-phase system 
of n-octanol and water at equilibrium, of the 
concentration of a chemical in the n-octanol phase to 
that in the water phase. 

lowest observed adverse effect level (LOAEL) is the lowest 
concentration of an effluent or toxicant that results in - 
statistically significant adverse health effects as observed 
in chronic or subchronic human epidemiology studies 
or animal exposure. 

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

minimum level (ML) refers to the level at which the entire 
analytical system gives recognizable mass spectra and 
acceptable calibration points when analyzing for -- 
pollutants of concern. This level corresponds to t h e k  
lowest point atwhich the calibration curve is determined. 

mixing zone is an area where an effluent discharge undergoes 
initial dilution and is extended to cover the secondary 
mixing in the ambient waterbody. A mixing zone is an 
allocated impact zone where water quality criteria can 
be exceeded as long as acutely toxic conditions are 
prevented. 

Monte Carto simulation is a stochastic modeling technique that - 
involves the random selection of sets of input data for Ir 
use in repetitive model runs in order to predict the 
probability distributions of receiving water quality 
concentrations. r 
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no observed adverse effect level (NOAEL) is a tested dose of an 
effluent or a toxicant below which no adverse biological 
effects are observed, as identified from chronic or 
subchronic human epidemiology studies or animal 
exposure studies. 

no observed effect concentration (NOEC) is the highest tested 
concentration of an effluent or a toxicant at which no 
adverseeffectsareobsewed ontheaquatictestorganisms 
at a specific time of observation. Determined using 
hypothesis testing. 

nonthreshold effects are associated with exposure to chemicals 
that have no safe exposure levels (Le., cancer). 

permit averaging period is the duration of time over which a 
permit limit is calculated (days, weeks, or months). 

persistent pollutant is not subject to decay, degradation, 
transformation, volatilization, hydrolysis, or photolysis. 

priority pollutantsare those pollutants l isted by the Administrator 
under CWA Section 307(a). 

probability is a number expressing the likelihood of occurrence 
of a specific event, such as the ratio of the number of 
outcomes that will produce a given event to the total 
number of possible outcomes. 

probability distribution is a mathematical representation of the 
probabilities that a given variable will have various 
values. -- 

practical quantitatlon limit (PQL) is a correction factor, 
sometimes arbitrarily defined, used to account for 
uncertainty in measurement precision. 

reasonable potential is where an effluent is projected or 
calculated to cause an excursion above a water quality 
standard based on a number of factors including, as a 
minimum, the four factors listed in  40 CFR 
122.44(d)(l)(ii). 

receiving water concentration (RWC) is the concentration of a 
toxicant or the parameter toxicity in the receiving water 
after mixing (formerly termed "instream waste 
concentration" [MIC]). 

recurrence interval is the average number of years within that a 
variable will be less than or equal to a specified value. 
This term is synonymous with return period. 

reference ambient concentration (RAC) is the concentration of 
a chemical in water that will not cause adverse impacts 
to human health. RAC is expressed in units of mg/l. 

reference tissue concentration (RTC) is the concentration of a 
chemical in edible fish or shellfish tissue that will not 
cause adverse impacts to human health when ingested. 
RTC is expressed in units of mg/kg. 

reference dose (RfD) is an estimate of the daily exposure to 
human population that is likely to be without an 

~ appreciable risk of deleterious effect during a lifetime; 
derived from nonobserved adverse effect level or lowest 
observed adverse effect level. 

relative toxicity is the toxicity of theeffluentwhen it is mixed with 
the receiving water, or a dilution water of'similar 
composition for toxicity testing. 

slug flow sampling is a monitoring procedure that follows the 
same slug of wastewater throughout its transport in the 
receiving water. Water quality samples are collected at 
receiving water stations, tributary inflows, and point 
source discharges only when a dye slug or tracer passes 
that point. 

steady-state model is a fate and transport model that uses 
constant values of input variables to predict constant 
values of receiving water quality concentrations. 

STORET is EPA's computerized water quality data base that 
includes physical, chemical, and biological data measured 
in waterbodies throughout the United States. 

sublethal means a stimulus below the level that causes death. 
synergism is the characteristic property of a mixture of toxicants 

that exhibits a greater-than-additive total toxic effect. 
threshold effects resultfrom chemicals that have a safe level (Le., 

acute, subacute, or chronic human health effects). 
total maximum daily load (TMDL) is the sum of the individual 

wasteload allocations and load allocations. A margin of 
safety is included with the two types of allocations so 
that any additional loading, regardless of source, would 
not produce a violation of water quality standards. 

toxicity identification evaluation (TIE) is a set of procedures to 
identify the specific chemicals responsible for effluent 
toxicity. 

toxicity reduction evaluation (TRE) is a site-specific study 
conducted in a stepwise process designed to identify the 
causative agents of effluent toxicity, isolate the sources 
of toxicity, evaluate the effectiveness of toxicity control 
options, and then confirm the reduction in effluent 
toxicity. 

toxicity test is a procedure to determine the toxicity of a'chemical 
or an effluent using living organisms. A toxicity test 
measures the degree of effect on exposed test organisms 
of a specific chemical or effluent. 

toxics are those pollutants that have a toxic effect on living 
organisms. TheCWASection 307(a) ''priority'' pollutants 
are a subset of this group of pollutants. 

toxic pollutants are those pollutants listed by the Administrator 
under CWA Section 307(a). 

toxic unik (TUS) are a measure of toxicity in an effluent as 
determined by theacute toxicity units or chronic toxicity 
units measured. 

toxic unit acute (TU,) is  the reciprocal of the effluent 
concentration that causes 50 percent of the organisms 
to die by the end of the acute exposure period (i.e., 100 

toxic unit chronic (TU,) i s  the reciprocal of the effluent 
concentration that causes no observable effect on the 
test organisms-by the end of the chronic exposure 
period (Le., 1 OO/NOEC). 

water quality assessment is an evaluation of the condition of a 
waterbody using biological surveys, chemical-specific 
analyses of pollutants in waterbodies, and toxicity tests. 
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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 are comprised of numeric and narrative 
criteria. Numeric criteria are scientifically derived ambient 
concentrations developed by EPA or States for various 
pollutants of concern to protect human health and 
aquatic life. Narrative criteria are statements that describe 
the desired water quality goal. 

water quality limited characterizes a stream segment in which it 
is known that water does not meet applicable water 
quality standards, and/or is not expected to meet 
applicablewater qualitystandards even after application 
of technology- based eff hen t limitations. 

water quality standard is a law or regulation that consists of the 
beneficial designated use or uses of a waterbody, the 
numeric and narrative water quality criteria that are 
necessary to protect the use or uses of that particular 
waterbody, and an antidegradation statement. 

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

The purpose of this revised Technical Support Document (TSD) for 
Water Quality-based Taxi0 Control is to provide the most current 
procedural recommendations and guidance for identrfyrng, 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 (CWA) was amended in 1987 with an emphasis 
on controlling toxic pollutants. New policies and regulations 
have been promulgated and a vast amount of knowledge and 
experienced has been gained in controlling toxic pollutants. E+ 
cause of these changes, EPA revised and updated the TSD. 

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

Background 

The EPA surface water toxics control program, represented dia- 
grammatically in @e figure, relies on portions of the national 
pretreatment progiam, the effluent limitations guidelines pro- 
gram, the sludge program, the combined sewer overflow program, 
the stormwater management program, the 304(1) program, the 
water quality standards program, and the National Pollutant Dis- 
charge Elimination System (NPDES) program. States are authorized 
by EPA to implement certain portions of the national toxics cm- 
trol program, such as the NPDES program. Scientific and techni- 
cal guidance is developed and published by EPA to assist the 
States. EPA is required by the CWA and federal regulations to play 
an oversight role to ensure that States authorized to implement 
various program requirements do so in accordance with federal 
regulations. 

- 
- 
- 

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

Throughout the evolution of the toxics control program, EPA has 
provided guidance conceming new program initiatives, statutory 
developments, and regulatory requirements. In 1980, EPA em- 
phasized in its preamble to NPDES regulations (45 FR 33520) that 
NPDES pennit limitations must reflect the most stringent of tech- 
nology-based, water quality-based controls, or other standards 
required by the CWA (e.g., ocean discharge requirements under 
Section 403 and toxics standards or prohibition under Section 
307[a]). EPA reiterated the significance of surface water toxics 
control in 1984 through the publication of its national policy 
statement entitled, "Policy for the Development of Water Quality- 
Based Permit Limitations for Toxic Pollutants" (49 FR 901 6, March 
9, 1984). EPA recommended the use of "biological techniques as 
a complement to chemical-specific analyses to assess effluent 
discharges and express permit limitations" (49 FR 9017). The 
preamble to additional regulations promulgated in 1984 (49 FR 
37998) stressed the importance of establishing effluent limita- 
tions in NPDES permits to control toxic pollutants. Regulatory 
provisions promulgated on June 2,1989 (54 FR 23868), clanfy EPA's 
surface water toxics control program and the use of whole effluent 
toxicity, and implement CWA Section 304(1) conceming the 
identification of impaired waters and the development of individual 
control strategies. 

The control of toxic discharges to the Nation's waters is an 
important objective of the OVA. To effectively accomplish this 
objective, EPA recommends the use of an integrated water qual- 
ity-based approach for controlling toxic discharges. EPA's inte- 
grated "standards to permits" approach, illustrated in the figure, 
starts with water quality criteria, objectives, and standards and 
results in NPDES permit limits to control toxic pollutants through 
the use of both chemical-specific and whole effluent toxicity 
limitations. Limitations are essential for controlling the discharge 
of toxic pollutants to the Nation's water. Once NPDES permit 
limits are set, compliance is essential. Compliance can be ascer- 
tained by continual routine monitoring of effluent quality. Water 
quality-based effluent limitations when developed in accordance 
with the procedures in this document, will protect water quality 
and prevent the violation of State water quality standards. 
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I. APPROACHES TO WATER QUALIW-BASED TOXlCS 
CONTROL 

1.1 INTRODUCTION 

In this chapter; basic principles are presented that cover the 
protection of aquatic l ie and the protection of human health 
from impacts caused by the release of toxics to the Nation's 
surface waters. Protection against toxic rdeases is called for under 
Section 101 (aX3) of the Uean Water Act (OVA), which states that 
"it is the national policy that the discharge of toxic pollutants in 
toxic amounts be prohibited." In addition, CWA Section 303(c) 
requires States to develop water quality standards to protect the 
public health or welfare, enhance the quality of water, and serve 
the purposes of the CWA. The control of the discharge of toxics is 
a paramount objective of the National Pollutant Discharge Elimi- 
nation System (NPDES) and water quality standards programs. 
The CWA and Environmental Protection Agency (EPA) regulations 
(described in Appendices E1 and B-4, respectively) authorize and 
require the use of the "integrated strategy" to achieve and main- 
tain water quality standards. In addition, EPA policy and guidance 
have long advocated this approach (see Appendices 6-2 and B3). 
For the protection of aquatic life, the integrated strategy invokes 
the use of three control approaches: the chemical-specific control 
approach, the who$ effluent toxicity control approach, and the 
biological crit- nt and biowrvey approach. How- 
ewr, for the protection of human health, technical constraints do 
not yet allow for full dince  on an integrated strategy, and thus 
primarily chemicakpecif~c assessment and control techniques 

; 
E 
;; should be employed; 

The integrated approach to water quality-based toxics conhl, 
including the use of toxicity testing and whole effluent toxicity 
limits, chemical-specific testing and limits, and biological Uiteria 
using bioassessments/biosurwys, relies on the water quality stan- 
dards that each State has adopted. All States have water quality 
standards consisting of both chemical-speofic numeric criteha for 
individual pollutants, and narrative "free from toxia in toxic 
amounts" criteria. Currently, a few States have incorporated b b  
logical criteria into water quality standards. 

The narrative water quality criteria in all States generally require 
that the State waters be free from oil, scum, floating debris, 
materials that will cause odors, materials that are unsightly or 
deleterious, materials that will cause a nuisance, or rubsta nces in 
concentrations that are toxic to aauatic life. wildlife, or human 
health. The use of toxicity testing and whole effluent toxicity 
limits is based upon a State's ~r rat iw water quality criterion and/ 
or in some cases, a State numerk viterion for toxicity. 

Chemical-speulic numeric criteria have been adopted by each 
State. In many cases, States haw adopted EPA-recommended 
water quality criteria as a part of their water q w l i  standards [1, 
21.- (See Chapter 2, Water Quality Criteria and Standards, for 
further information.) These Statedopted numeric chemical ui- 
teria provide the basis upon which speutic chemicals can be 
limited in permits. Where States have not developed chemical- 

speufic numeric criteria, States may interpret their narrative stan- 
dards for specific chemicals by using EPA criteria updated with 
current quantitative risk values. 

Biological uiteria provide a direct measure of ambient aquatic life 
and overall biological integrity in a waterbody. Biological criteria 
constitute one basis for limits that will protect the biological 
integrity of a surface water. 

The integrated approach must include the control of toxics through 
implementation of the narrative "no toxics" criterion andlor nu- 
meric criteria for the parameter toxicity, the control of individual 
pollutants for which specific chemical water quality criteria exist in 
a State's standards, as well as use of biological criteria. Reliance 
solely on the chemical-specific numeric criteria or the narrative 
criterion or biological criteria wwld result in only a partially 
effective State toxics control program. In the dixussion that 
follows, each control approach is described in greater detail as 
well as how each of the approaches complement the other two 
by providing additional information for the protection of water 
quality. 

1.2 CMEMICM-SPEUFIC AppRoAcH FOR AQUATIC 

The chemical-speafic approach to toxics control for the protec- 
tion of aquatic life uses specific chemical effluent limits in NPDES 
permits to control the discharge of toxics. These limits are 
dewdoped from laboratory-derived, biologically based numeric 
water quality criteria adopted within a State's water quality stan- 
dards. Water quality criteria are adopted by a State for the 
protection of the designated uses of the receiving water. Chemi- 
cal-specific water quality-based limits in NPDES permits involve a 
site-specific evaluation of the discharge and its effect upon the 
receiving water. This may indude collection of effluent and 
receiving water data and result in the development of a wasteload 
allocation (WLA) and a total maximum daily load W D L )  through 
modeling, a mixing zone analysis, and the calculation of permit 
limits. Once a numeric water quality criterion is adopted, chemi- 
cal-specific limits must be developed in NPDES pennits to ensure 
that a permittee's discharge does not exceed acute or chronir 
water quality criteria for the pollutant in a receiving water if there 
is a reasonable potential for that discharge to cause or contribute 
to excursions of the criterion. These steps are discussed in Chap 
ten 3,4, and 5. 

EPA water quality criteria for the protection of aquatic life are 
developed under the requirements of CWA Section 304(a)(l) and 
are published by EPA in separate criteria documents and summa- 
rized in the Quality Criteia for Water (1 ]. Water quality crite;ia 
are derived scientifically and attempt to consider a wide range of 
toxic endpoints including acute and chronic impacts and 
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bioaccumulation. Each criteria consists of two values-an acute 
and a chronic value. Criteria are developed using the latest 
scientific knowledge on the kind and extent of identifiable effects 
on organisms, such as plankton, fish, shellfish, wildlife, and plant 
life, which may be expected from the presence of pollutants in 
any body of water. Water quality criteria also reflect the concen- 
tration and dispersal of pollutants, or their byproducts, through 
biological, physical, and chemical processes, and the effects of 
pollutants .on biological community diversity, productivity, and 
stability of the receiving water [l 1. They can be used to assess and 
control a variety of water quality impactz. Chapter 2 provides a 
more detailed discussion of the derivation of numen'c criteria. 
Recommendations for using chemical-specific data to determine 
which individual toxicants need to be controlled are found in 
Chapter 3. Legal requirements, including chemical-specific limits 
in permits, are found in Chapter 5. 

1 2 1  c a r r s t a t i a a o t ~ c c ~ d D A c d p a l  
-w-ma- 

EPA has conducted a series of studies to determine whether its 
water quality criteria concentrations are protective of aquatic l i e  
in receiving water systems. The first study was conducted at 
Shayler Run, Ohio, to evaluate the applicability of laboratoty- 
generated toxicity data to a ~ t u d  stream artificially dosed with 
copper to provide steady concentrations [3]. The results of the 
study indicate that several characteristics of sitespecific water 
quality affect the toxicity of copper. The results also indicate that 
avoidance of elevatedroncentration areas by instream organisms 
can produce observible ecological changes at concentrations 
below those found to he harmful in laboratory toxicity tests. No - - 

instream effects were observed at continuous exposure concen- 
trations near EPA's current chronic criterion, applied at the water 
hardness of Shayler Run. 

Studies performed on experimental streams at EPA's Monticello 
Ecological Research Station (MERS) indicate good agreement be- 
tween EPA's criteria concentrations and the instream concentra- 
tions producing aquatic life effects under steady exposure condi- 
tions [4-131. EPA's water quality criteria are not threshold levels 
abow which definite measurable instream effects are always ex- 
pected. Rather, the criteria embody conservative assumptions 
such that small excursions a b o w  the criteria should not result in 
measurable environmental impacts upon the biota. The data 
indicate that if the ambient water quality criteria are met, then the 
biota in the receiving water system will be protected from unac- 
ceptable impacts caused by the chemical of concern. The studies 
conducted by MERS are described in greater detail in Box 1-1 and 
Tables 1-1 and 1-2. 

1.2.2 Chmnicai-sp8McCiyticai Metlrodpncison 
Tables 1-3 to 1-5 illustrate the types of precision commonly seen 
in inorganic, organic, and nonmetal inorganic chemical analyses 
that are routinely used for determining concentrations of specific 
pollutants in effluents. These tables show the observed variability. 
The variability of chemical measurements increases as one ap- 
proaches the limit of detectability for a chemical. Table 1-3 shows 
the interlaboratory precision of 10 metals. The coefficient of 
variation (0, defined as the standard deviation divided by the 
mean x 100, for these analyses ranges from 18 percent to 
129 percent [15]. Table 1 4  shows the interlaboratory precision 

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

In studymg the field applicability of EPA's water quality criteria in freshwater systems, MERS (Monticello 
Ecological Research Station) conducted studies in experimental streams [4-141 to determine the level of 
protection provided by the individual chemical criteria. Each of the Neams was onequarter mile long-with 
altemating mud-bottomed pools and rocky riffies. Fish were stocked into the streams to a known population 
density while other plants and animals were the result of natural colonization. 

The chemicals studied were ammonia, chlorine, chlorine combined with ammonia, selenium, and pentachloro- 
phenol. Some studies were conducted during a summer (per~tachlorophenol) while others continued for more 
than 2 years (selenium N). Tables 1-1 and 1-2 show sample data on ammonia and ammonia combined with 
chlorine. In all experiments, the streams were dosed continuously with the chemical(s) being studied and the 
biological effects were determined statistically by a comparison to the control streams. The concentration at  
which biological effects occurred were then compared to the EPA criteria continuous concentration (CCC) for 
that compound. 

With the exception of chlorine in-the presence of ammonia, the data from the other experiments indicate that 
slight or no effects were found in the streams at the CCC. This indicates that the CCC is providing chronic 
protection at the recommended concentration for that paRicular chemical. In the case of chlorine combined 
with ammonia, a substantial impact was found, but only on one species, the channel catfish. Because the CCC is 

- designed to protect most, but not all of the species all of the time (see dixussion in Chapter 2 on EPA Ambient 
Water Quality Criteria), slight impacts may be expected under continuous exposure conditions. 
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Table 1-3. Interlaboratory Precision of Inorganic Analysis 
at the Low End of the Measurement Detection Range [15] 

Table 1-1. Effects in Streams Exposed to Ammonia [8-131 

Effects 
Analyte No. of Labs Indicator Criteriaa 3Xb I 9xc 

Aluminum 
Cadmium 
Chromium 

Copper 
lron 

Lead 
Manganese 
Mercury 
Silver 
Zinc 

37 
63 
72 
86 
78 
64 
55 
76 
50 
62 

43 
66 
40 

36 
38 
46 

129 
79 

18 
118 

Fish . 
Fathead minnow 
Bluegill 

Channel catfish 
White sucker 
Rainbow trout 

Walleye 

Od 
0 

+ 
0 

0 

0 

0 

0 

Benthic Invertebrates 

Zooplankton 

Notes 
a Criteria = 0.05 mgll unionized ammonia (NH3 at average st” pH and tem- 

perature; l.&mg/l total ammonia was added to reach thii concentration; 
concentrations of unionized ammonia vaned daily and seasonally due to natural 
pH and temperature fluctuations. 

total ammonia. 
9X = Nine times uitaia concentration based on input of 9 mg/l totll ammonia. 
0 = No difference hbm controls; +‘s rrprrsent gradation of differences from 
controls ranging from slight (+) to dramatic (-). 

b 3~ = ~ h m e  times aiteria cwmtration based on input of 3 
F 
t 

Table 14. Interlaboratory Precision Ranges for Organic 
Chemical Analysis 

- 
No. 
abs - 
20 

20 
20 
20 

17 

16 
17 
22 

? - 

- 
cv 
(%> - 

31 -64 

16-29 
40-50 
2045 
38-64 

38-69 

? 
? 

~ 1 2 4 5  

16-91 - 

Chemical 
T 

L 
Table 1-2. Effects in Streams Exposed to Ammonia 

and Chlorine [8-131 
Benzene 
4 Chlorobenzenes 
Ethyl benzene 
Toluene 
23 Halocarbons 
4 Halocarbons 

I 

I I Eff& 600154-84-064 
Indicator 1 22 ugll 4 u g P  

+tb 
0 

0 

0 
+ 
0 

0 
+ 
0 

35 ugll 

Fish 

Channel catfish 
Bluegill 

Benthic invertebrates 
Zooplankton 
Bacteria 
Periphyton 
Primary production 
Litter decomposition 
Aquatic plants 

+t 

0 
+ 
0 
++ 

0 

0 
+ 
0 

ftc 

0 
++ 

0 
ftc 

0 

0 
++ 
0 

11 Phenols --  

? I  k 

Benzidine 
3,3-Dichlorozidine 
6 Pthalate esthers 
3 Nitrosamines 
24 Organochlorine 
Pesticides and PCB! 
16 PN& 

I 

r 

t 1 I I 
Notes 

Discarded as o u t l i .  
It is important to note that in many chemical analyses a decwon may be m 9  
that cerMn anamlous data potnu, or wtlii, are unurabk and are not re 
ported as valid data potnts. This rypc of data evaluabon IS made because in 
chemwl analyses it is routine to repeat the analysis mth the same sample and 
d m c e  standard uno1 an acceptable result is obtaid. 

a Average concentrations of TRC in presence of 2mg/l to 3mg/l total ammonk 
national uitcria for chlorine = 11 ug/l. 
0 = No diffmnce from contds; +‘s rrpmcnt gradation of differences from 
controls ranging from slight (+) to dramatic (++w). 
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Table 1-5. Interlaboratory Precision of Nonmetal Inorganic 
Analyses Over the Measurement Range [ 151 

No. 
lab 

17 
>20 

16 
6 

15 
6 

58 
58 
21 

Parameter 

Alkalinity 
Residual chlorine 

Ammonia nitrogen 
Kjeldahl nitrogen, total 
NO3 nitrogen 

BOD 
COD 
TOC 

TotalP . 

CV (%) Range 

4.9-1 4 
13-25 
15-58 
38-41 
17-61 

25-40 
15-33 

6.9-34 
4.6-70 

associated with organic chemical analyses. The CVs range from 
12 percent to 91 percent. Table 1-5 demonstrates the 
interlabodtory precision of nonmetal inorganic analyses at the 
lower end of the measurement range. The C V s  for this type of 
analyses range from 4.6 percent to 61 percent [15]. The data in 
Tables 1-3 to 1-5 refiect testing in reagent grade water. Actual 
C V s  from testing effluents can be higher due to matrix effects. 
However, in 40 C f R  Part 136 analytrcal methods, matrix effects 
are acknowledged. - - 

1.3 WHOLE APPROACH FOR AQUATIC UFE 
PROTECTION 

The whole effluent approach to toxics control for the protedon 
of aquatic life involves the use of acute and chronic toxicity tests 
to measure the toxicity of wastewaters. Whole effluent toxicity is 
a useful parameter for assessing and protecting against impacts 
upon water quality and designated uses caused by the aggregate 
toxic effect of the discharge of pollutants [16]. Whde effluent 
toxicity tests employ the use of standardized, surrogate freshwa- 
ter or marine (depending upon the mixture of effiuent and receiv- 
ing water) plants, inwrtebrates, and vertebrates. EPA has published 
extensive written protocols listing numerous marine and freshwa- 
ter species for toxicity testing [17, 18, 191. 

An acute toxicity test is defined as a test of 96-hours or less in 
duration in which lethality is the measured endpoint A chronic 
toxicity test is defined as a long-term test in which sublethal 
effects, such as fertilization, growth, and reproduction, are usually 
measured, in addition to lethality. Traditionally, chronic tests are 
full lifecycle tests or a shortened test of about 30 days known as 
an early life stage test However, the dura th  of most of the EPA 
chronic toxicity tests have been shortened to 7 days by focusing 
on the most sensitive lifecycle stages. For this reason the EPA 
chronic tests are called short-term chronic tests. Box 1-2 summa- 
rizes the short-term chronic tests cumdy recommended by EPA 
The acute and short-term chronic methods recommended by EPA 
are presented in three methods manuals [17, 18, 191. 

In a laboratory acute toxicity test, an effluent sample is collected, 
diluted, and placed in test chambers with the chosen test species. 
After 24, 48, 72, and 96 hours, the number of live organisms 
remaining in each test concentration and in a control is recorded. 
In a laboratory chronic toxicity test, an effluent sample is col- 
lected, diluted, and placed in test chambers. An example of a di- 
lution series used in chronic or acute tests is 100, SO, 25, 12.5, 
and 6.25 percent, and a control. Test organisms are placed in 
these test chambers for speufied periods of time. At various times 
during the exposure period, the organisms in each chamber are 
observed. In the short-term chronic tests, at test termination, the 
lowest effluent concentration that causes a significant adverse 
impaa on the most sensitive endpoint for that test is calculated 
(this endpoint can be mortality, reduced fertilization, lower fecun- 
dity, reduced growth, etc.). In the acute tests, at test termination, 
the number of dead organisms are recorded and an LCso is cal- 
culated. 

Dilution water is an important part of toxicity testing. Dilution 
water may either be standard laboratoty water and/or the receiv- 
ing water. Sometimes the receiving water is used to dilute the 
effluent because it more dosely simulates effluent/receiving water 
interactions. This may be especially important in the case of saline 
receiving waters. The salinity of the receiving water should be 
matched as closely as possibk 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 (Le., 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 ( A m )  commonly indude lethal concen- 
trations (LG) and are described in terms of effluent concentra- 
tions. The LC is the concentration of toxicant at which a certain 
percentage of the test organisms die, e.g., the LCI 0 or LCso. An 
exposure duration also is included in the endpoint such as 24,48, 
72, or 96 hours (e.g., 96-hour LCso). 

Commonly used chronic toxicity endpoints (cl+s) include the no 
observed effect concentration (NOEC), the lowest observed effect 
concentration (LOEC), and the effect concentration (EC). The 
NOEC is the highest concentration of toxicant, in terms of per- 
cent effluent, to which the testorganisms are exposed that causes 
no observable adverse effect. The effects measured may include 
decreases in reproduction and growth, or lethality. The LOEC is 
the lowest concentration of toxicant to which the test organisms 
are exposed that causes an observed effect. Again, the same 
effects are usually observed. The EC is the toxicant concentration 
that would cause an adverse effect upon a certain percentage of 
the test organisms, (e-g., ECI 0 or EC50). 

In chmic toxicity tests, the exposure duration in the EPA testing 
protocols is almost always assumed to be the 7-day short-term 
period unless otherwise speufied in the protocol. For example, 
the Ceriodcphnia test must be continued until at least 60 percent 
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Box 1-2. Short-term Chronic Toxicity Methods 

SoeciesKommon Name Test Duration Test EndDoints 

Freshwater Species 

Ceriodaphnia dubia 
Cladoceran 

Pimephales promelas 
Fathead minnow 

Pimephales promelas 
Fathead minnow 

Approximately 7 days Survival, reproduction 
(until 60 percent of control 
have 3 broods) 

7 days Larval growth, survival 

7-9 days 

Selenastmm capricomutum 96 hours 
Freshwater algae 

Marine/Estuarine Species 

Ar6aUa punctulata 
Sea urchin 

Champia prvula 
Red " a l g a e  

Mysidopss hhia 
Mysid 

- 
- 

Cypridon variegatus 
Sheepshead minnow 

Cyprinodon vanegatus 
Sheepshead minnow 

Menidia beryllina 
Inland silverside 

1.5 hours 

7-9 days 

7 days 

7 days 

7-9 days 

7 days 

Embryo-larval survival, 
percent hatch, 
percent abnormality 

Growth 

Fertilization 

Cystocarp production 
(fertilization) 

Growth, survival, fecundity 

Larval growth, survival 

Embryo-larval survival, 
percent hatch, 
percent abnormality 

Larval growth, survival 

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

It is useful to note that LG and E G  are point estimates statistically 
derived from a mathematical model that assumes a continuous 
dose-resporfse relationship. NOEG and LOEG, statistically deter- 
mined using hypothesis testing, are not point estimates [18]. In 
order to Overcome the difficulty in statistically deriving the NOEC 
using hypothesis testing, a.new statistical procedure has been 
developed. This procedure, referred to as the inhibition concen- 
tration (IC), is a point estimate interpolated from the actual 

effluent concentrations at which measured effects occurred dur- 
ing a chronic test. The IC is an estimate of the toxicant concentra- 
tion that would cause a given percent reduction in a biological 
measurement of the test organisms, including reproduction, 
growth, fertilization, or mortality. For example, an IC25 for re- 
production would represent the effluent concentration at which a 
25-percent reduction in reproduction occurred. 

Since the IC is a point estimate, a CV can be calculated. A CV 
cannot be calculated if hypothesis testing is used because results 
are only available for the effluent concentrations used. For this 
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reason, estimates of test precision cannot & calculated for NOEG 
derived by hypothesis testing. 

The IC also is not dependent upon the selection of the effluent 
concentrations. In contrast, NOEG calculated by hypothesis 
testing 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 effluent concentrations, and the LOEC 
exhibited by the data is at 25 percent efftuent, the NOEC caku- 
lated by hypothesis testing is estimated to be the next lowest 
dilution, or 12.5 percent However, the true NOEC value may lie 
somewhere between 25 percent and 12.5 percent effluent. 

Comparisons of both types of data indicate that an NOEC deriwd 
using the lCx is approximately the analogue of an NOEC derived 
using hypothesis testing (see Figure 1-1 ). For the above reasons, 
if possible, the l C x  is the preferred statistical method for deter- 
mining the NOEC. 

Another important issue in conducting both acute and short-term 
chronic toxicity tests is the dilution series. The €PA methods 
manuals recommend six dilutions, including the control. The 
only exception to this is a toxicity test conducted on ambient 
receivipg 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 [RWq and control) are all that are ultimately necessary 
for determining compliance with a toxicity limit if the toxicity 
tests are conducted with only the control and one effluent con- 
centration (Le., the WC), the e m  and variability associated with 
this type of statistical +lysis is large [ZO]. - 

For the above reasons, €PA recommends the use of five effluen 
concentrations and a control to determine the magnitude c 
toxicity. When conducting compliance monitoring, an option i 
to choose the five concentrations that bracket the RWC (twi 
concentrations above and two below). This would result in th< 
determination of compliance status as well as a statistically valii 
estimation of the NOEC. The information provided from the fu 
dilution series would indicate how close Ihe test endpoints are ti 
the permit limit and how close to violating the limit the discharge 
is, and, if measured over time, the variability of the effluent. . 

1.3.1 raicuhils 
Since toxicity involves an inverse relationship to EC (the lower th 
EC, the higher the toxicity of the effluent), it is more understand 
able to translate concentration-based toxicity measurements inti 
toxic units ms). in this way, the potential confusion involvintl 
the inverse relationship is overcome and the permit limit deriva 
tion process is better sewed. The number of toxic units in ai 
effluent is defined as 100 divided by the EC measured: 

Tu, = 1 Oo/LC~O 

Tu, = 1 OO/NOEC. 

For example, an effluent with an acute toxicity of an L C ~ O  iir 
5 percent effluent is an effluent containing 20 Was. L 

A very important aspect of toxic units is that two different type 
are used depending on whether acute or chronic aquatic toxicit 
is measured. The proper expressions for toxic units are TU, ani 

- -  
k 

34.8% 

26% 

-j 10 4.3% r"l 17.4% 17.4% 

IC1 5 

Figure 1-1. This figure rqmsats the percentage of the time the mean NOEC was approximately equivalent to an IClo, I C v  ICm 
IC= IC% and IC50 for all 23 effluent and rdcnncc toxicant data sets analyzed. The data sets induded short-term chronic 
toxkity test for C"odophn(cr dubicr, ffmcphak pnwndos (fathead minnows), M a  puncruhta (sea urchin), Cyprirtodon voricgotu 
(sheepshead minnows), and Chum@ pwuk (red algae) [21]. 
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TU,. TU, is the measurement of acute toxicity units and TU, is a 
measurement of chronic toxicity units. (See the glossary for a 
definition of these terms.) They are not the same measurement 
and should not be used interchangeably. Acute and chronic TUs 
make it easy to quanbfy the toxicity of an effluent and to speufy 
water quality criteria based upon toxicity. For example, an efflu- 
ent sample that contains 20 TU,s is twice as toxic as an effluent 
that contains 10 TU,s. 

1.3.2 Conw4tian of mwls El?Yumt TaxicifyMa"mnk to 
ActmlRscsMng WatuImpact 

EPA conducted the Complex Effluent Toxicity Testing Program 
(CRTP) that examined sites in both freshwater and saltwater 
systems to investigate whether or not an evaluation of effluent 
toxicity, when adequately related to receiving water conditions 
(Le., temperature, pH, salinity), can give a valid assessment of 
receiving system impacts on waters that support aquatic biota 
[22-251. Summaries of these site studies are provided in Box 1-3 
(freshwater) and Box 1 4  (saltwater). In addition, three other 
studies, presented in Box 1-3, were conducted to address this 
issue: a comparative investigation conducted by the University of 
Kentucky [26], a second study on the Trinity River in Texas 
conducted by the University of North Texas [24, and a third 
study conducted by the North Carolina Division of Environmental 
Management f 281. 

It is important to note that in these studies, different objectives 
were addressed. The C!JP freshwater studies attempted to 

ity tests to instream *wed impacts (Figure 1-2). The CEIP 
saltwater studies compared effluent toxicity to ambient receiving 
water toxicity using studies to measure receiving water con- 
centrations of efflwat The North Carolina study comp3red 

1 correlate receiving W e r  chronic toxicity measured by EPA toxic- 
i 

- 

effluent toxicity to receiving water impact using Ceriodophnia 
chronic toxicity tests and receiving stream benthic 
macroinvertebrates (Figure 1-3). The Kentucky study examined 
the relationship between effluent toxicity tests and instream KO- 

logical parameters. The Trinity River study attempted to spatially 
compare the biological, physical, and chemical water quality and 
sediment quality of Trinity River reaches above and below the 
DallasFort Worth area (Figure 14). 

Together, these studies comprise a large data base~specifically 
collected to determine the validity of toxicity tests to predict 
receiving water community impad In order to address the 
correlation of effluent and ambient toxicity tests to receiving 
water impacts, EPA evaluated the results of the studies discussed 
above [29]. The results, when linked together, clearly show that if 
toxicity is present after considering dilution, impact will also be 
present. 

Parkhum et al., were requested by representatives of industrial 
and municipal discharges to critique the CElTP studies [30]. One 
major criticism was that the EPA study sites were not selected 
randomly and therefore the results of the studies cannot be 
extended to all waters. EPA agrees that the CElTP sites were not 
selected to represent a statistically valid sampling of all types of 
waterbodies in the United States. A representative sampling of 
receiving water would require assessment of more sites than EPA 
could study in a comprehensive manner. Such a sampling was 
beyond the capability of EPA's resources. However, the CElTP 
and corresponding studies such as the Trinity River study [27] did 
show unequivocally that a strong correlation exists between tox- 
icity and a biological impact 

EPA believes that it is reasonable to assume in the absence of data 
showing otheMlise that this relationship is basically independent 

Box 1-3. Correlation of Toxicity Measurements to Receiving Water Impact (Freshwater) 

EPA conducted eight freshwater site studies in which ambient toxicity was compared to the receiving water 
biological impad These site studies were a part of the Complex Effluent Toxicity Testing Program (Cm?). 
Testing was done onsite concurrent with the field surwys. Sites exhibiting biological impacts in Oklahoma, 
Alabama, Maryland, West Virginia, Ohio, and Connecticut were included. Organisms were exposed to samples 
of water from various stations and tested for toxicity. Biological surveys (quantitative field sampling of fish, 
invertebrate, zooplankton, and periphyton communities in the receiving water areas upstream and downstream 
of the discharge points) were made at these stations at the same time the toxicity was tested to see how well the 
measured toxicity correlated to the health of the community. These studies have been reviewed and published in 
the €PA publication series [23, 31 -381. 

Figure 1-2 illustrates the data from the CElTP studies. A robust canonical correlation analysis was performed to 
determine whether or notstatistically significant dationships- existed between the-ambient toxicity tests and 
instream biological response variables and to identify which variables played an important role in that relation- 
ship [29]. Influential variables were then used to classify stations as either impacted or not. Ceriodaphnia dubia 
productivity and/or Pimephak pmmelas weight were used as the basis for prediaing impact. Fish richness was 
used to classify streams as impact observed or impact not obserwd. 
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Box 1-3. Correlation of Toxicity Measurements to Receiving 
Water Impact (Freshwater) (continued) * 

Classification was based on the relative performance of the stations on each stream in the study. Percentiles of 
the appropriate distribution (normal for toxicity variables, and Poisson for fish richness) were used to set cutoffs 
for classification. Two-way contingency tables representing stations as impact predicted or not, and impact 
observed or not were prepared from a variety of-cutoffs (percentages). The exact test for independence was 
performed on each contingency table. 

If toxicity test results wece used to dasrify sites as impacted or not (predicted classification) and if a strong 
relationship does exist between ambient toxicity and biological response, then the classification of stations 
according to biological response should closely match the predicted classification. Hence, the errors in 
mixlassification should be small. 

. 

Figure 1-2, developed using a 95 percent-95 percent cutoff, shows that false positives (impact predicted but 
none found) occurred at 7.5 percent of the 80 stations. The probability of getting no more than 7.5 percent false 
positives under the null hypothesi that there is no relationship between ambient toxicity and biological response 
is less than pd.001, As d i d  above, this is the only definitive error that can be identified in such 
comparisons. The correct or noncontradictory findings (no measured toxicity but observed impacts) were 
92.5 percent of the stations. A variety of other cutoff criteria combinations were evaluated and the number of 
false positives remained in the 7 percent to 8 percent range. Therefore, a discharger's chance of being charged 
incorrectly with causing instream toxicity is low if and onlv if dilution in the receiving water is considered. 

A comparative time series study conducted on the Trinity River in Texas that used the same classification method 
as the CETTP studies also showed a strong relationship between ambient toxicity and i m a m  biological 
response (Figure 1-2). False positives (impact predicted but not obsetved) had a frequency of 8.3 percent. 
Overall was a 91.7-pefcent accuracy of prediction or noncontradictory findings [29], and the probability of 
a false positive (impact predicted but not obsetved/impact predicted) ranged from 8 percent to 11 percent in 
these StUTiies. - 
Another study conducted by the North Carolina Division of Environmental Management indicated the high 
accuracy of predicting receiving water impacts from whole effluent toxicity tests. Forty-three comparisons were 
made between freshwater flowing streams using the Ceriodaphnia dubio chronic test and a qualitative 
macroinvertebrate sampling. Overall there was 88 percent accuracy of prediction (Figure 1-3) [28]. 

In addition, another comparative study was conducted in the Kentucky River Basin [26]. This study consisted of a 
comparative ecological and toxicological investigation of a secondary wastewater treatment plant and measured 
instream effects at 10 stations including reference sites. The principal o S j  of the study was to assess 
downstream persistence of aquatic contaminants, to quantify their effects on structure and function of aquatic 
communities, and to evaluate the fathead minnow embrydarval test for measuring instream toxicity and 
estimating chronic effects on aquatic biota. The resuits of the study indicate a good predictive correlation 
between embryo-larval survival and independent ecological parameters, especially species richness of 
mwoinwrtebrates. The cocrehtion coefficients for species richness and embrydawal survival was 0.96, and for 
embrydawal survival and diversity, it was 0.93. The estimated toxicity (LC1) codated closely with the actual 
percent instream effluent dilution observed at the first downstream station at which no ecological impact was 
dixemable. 

Using the statistical classification previously described in the CElTP and Trinity River studies, an analysis was 
conducted on the combined data sets of the C€lTP, Trinity Rim, and Kentucky Riwr Basin data. Because the 
North Carolina study was based on the Ceriudaphnia dubio chronic test and a qualitative macroinvertebrate sam- 
pling, the data were not amenable to this type of statistical ana@. This combined analysis is illustrated in Figure 
1-5. The probability of getting no more than 9.4 percent false positives (impact predicted/impact not observed) 
when the null hypothesis (no relationship between ambient toxicity and biological response) is less than 
pco.0028. 
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Box 1-4. Correlation of Effluent Toxicity Measurements to 
Receiving Water Toxicity (Saltwater) 

In saltwater systems, as in freshwater systems, receiving water impact should only be seen where receiving water 
waste concentrations are at or above the effect concentrations. Dilution in marine and estuarine systems may be 
greater due to large and/or complex mixing than most freshwater systems. As a result, there is a less likely chance 
for receiving water impacts to be observed in saltwater systems as predicted by toxicity tests. 

Figure 1-6 illustrates the comparison between predictions of saltwater receiving water toxicity and whole effluent 
toxicity. Toxicity test data from 79 ambient stations (four study sites) were compared to effluent toxicity test 
results from an isolated discharge at each site. All receiving water toxicity to effluent toxicity correlations are 
based on dye studies conducted at each of the four sites to detennine the a c t w l  dilution. 

Most of the sites were selected because the discharge was isolated from other point sources and potential 
impacts from other point sources was anticipated to be negligible. Two of these studies indicated near-field 
effects, generally within the mixing zone. One study conducted at Femandina Beach, Florida [Z], showed 
impacts outside the proposed mixing zone. Results of another study (East Greenwich) indicated the existence of 
poor water quality well beyond the influence of the East Greenwich Sewage Treatment Plant and suggests that 
other sources (point or nonpoint) may contribute significantly [25, 39, 401. This condition may be typical in 
some of the more stressed estuaries. 

In a total of 79 comparisons, 1 1 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 percentof the total comparisons there was a false negative prediction, or the toxicity tests predicted no 
toxicrtyrvhen the receiving water was toxic [24]. As previously discussed, toxicity is only one possible adverse 
influence Since only toxicity is measured, a very high correlation should not be expected necessarily because 
receiving water biological impacts may be amhted  to other sources or factors. 

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

- 

of waterbody type. Also, this was not the objective of the C!FllP 
studies. The CETTP purpose was to determine if toxicity and 
impacts to biological communities are found concurrently in 
receiving waters. Therefore, EPA disagrees that th i s  is a reason to 
conclude that the CETTP studies failed to show the validity of 
toxicity tests to predict water quality impact 

Another criticism was the studies did not investigate replication of 
results over time. However, toxicity results cannot be expected to 
be replicated over time in waters where river flow and other time- 
variant factors change the degree of ambient toxicity. Indeed, 
the Kanawa River and Five-Mile Creek data showed that ambient 
toxicity did not occur at high river flows whereas it was found at 
low flows; @is was an expected result. The objective of the C E I P  
studies was to see if impact was present when effluent toxicity 
exceeds the available effiuent dilution. This objective was achieved 
by the studies. 

Another major criticism was the correlation between toxicity tests 
and biological impact relied extensively upon maximum impact 
responses and that correlation was poor when data from high 
flow events and lesser toxicity discharges (minimal impact re- 
sponses) were added. EPA acknowledges that impact correlations 
will be higher where higher toxic impact occurs and lower where 
impacts are expected to be minimal. Such a response is expected 
g k n  the complexity of ecosystems and that biological communi- 
ties.and species have different sensitivities to toxicants and may 
respond differently. Also, higher river dilution will reduce the \ 
potential instream impact from effluent toxicity. However, this 
observation does not disprove that the CE7TP and other studies 
showed a statistically sound relationship to correlate toxicity to 

condudes that control of toxicity is a valid approach for protect- 
ing ambient water quality. , 

- - 
.i 

, 

,- 
the existence of a biological ambient impact. Therefore, EPA sti l l  m 

9 

In addition, other studies confirm that effluent toxicity, when 
adequately dated to ambient conditions, can give a valid assess- 
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Figure 1-2 Comparison of Ambient Toxicity and lnstream 
Impact4PA Study [U, 31-38] 

.E: Figure 14. Comparison of Ambient Toxicity and lnstream 
Impact-Trinity River [29] 

23.04: n 

Figure 1-3. Comparison of Effluent Toxicity of Receiving 
Water Impact Using Cerbdaphniu Chronic Toxicity TenS and 

Freshwater Receiving Stream Benthic lnvertabrates at 43 
Point Source Discharging Sites in North Carolina [a] 

A A U  

Figure 1-5. Comparison of Ambient Toxiaty and lnstream 
Impact-EPA Study, Trinity River Study, and 

Kentucky Study [26] 

-- 
A. 

I 

Figure 14. Comparison of PredMlons of Receiving Water Toxicity Bared on Effluent Toxicity and Ambitnt 
Receiving Water Testing in Saltwater Environments 79 Ambient Stations 

and 4 Dischargers [24,25,39,40] 
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ment of receiving water impact [3, 24, 26-29, 39, 411. These 
studies tested waters other than those studied under C m .  

It is important to recognize that toxicity caused by contaminants 
in the effluent, as measured by the whole effluent toxicity tests, is 
only one of many influences that determine the health of a 
biological community. impact from toxics would only be sus- 
pected where effluent concentrations after dilution are at or 
above the toxicity effect concentrations. Influences from sub- 
strate differences and physical conditions, such as dissolved oxy- 
gen, temperature, channelition, flooding and weather cydes, 
also can affect the biological community adversely. These other 
types of influences may be better evaluated by using a 
bioassessment approach. However, the existence of these other 
factors concurrently with toxicity does not absolve a regulatory 
authority from controlling the discharge of toxicity if the State has 
established a designated use to protect aquatic biota. 

The value of the toxicity test is its ability to assess the impact of 
discharged toxicants independent of effm from other factors. 
This allows regulatory authorities specifically to identify and con- 
trol the portion of the impact caused by the discharge. Biological, 
physical, and chemical factors of the community can influence 
the actual effects that effluent toxicity may cause in the receiving 
water, and further emphasize the need for a totally integrated 
water qualiG-based approach. 

1.3.3 Taxidly T@ Method PBc&don 
Like all measuremmts, toxicity tests exhibit variability. Toxicity 
test variability can In described in terms of two types of preci- 
sion-”within” or i-laboratory precision, and round robin or 
interlaboratory p d o n .  lntralaboratory precision is the abilty of 
trained laboratq pemmnd to obtain consistent results repeat- 
edly when perfoniiihg the same test on the same species using 
the same toxicant Interlaboratory precision (or round robin tests) 
is a measure of how reproducible a method is when conducted by 
a large number of laboratories using the same method, species, 
and toxicant or effluent. Generally, intralaboratory results are less 
variable than intertaboratory results. 

EPA believes that several toxicity test methods have a precision 
profile that can be reasonable to evaluate compliance with NPDES 
permits. The appropriateness of a given method can be deter- 
mined in a permit proceeding or, in part, by rulemaking. EPA has 
proposed a range of whole effluent toxicity test procedures in 40 
CfR 136 and may promulgate these methods soon. Current data, 
however, show that the precision profiles of a number of whole 
effluent toxicity tests is similar to already approved chemical- 
specific methods. 

- 
does not produce a statistical point estimate. However, C V s  can 
be calculated for NOEG if they are determined using the IC 
statistical procedure, and for EC and LC endpoints because they 
are all statistical point estimates. 

To facilitate the comparability between different NOEC calcula- 
tions using the IC25 and the analysis of variance (hypothesis test- 
ing), Appendices A-1 and A-2 list NOEC results in terms of both. 
In some instances the IC25 could not be calculated based on sta- 
tistical assumptions and available data. In addition, there are 
some instances where an lCx cannot be calculated because there 
was no toxic effect. In these cases, the CV for a method and 
reference toxicant was cakulated using only data where lCxs could 
be calculated. 

A more detailed discussion of precision can be found in Box 1-5. 
Tables 1-6 and 1-7 summarize the intralaboratory precision for all 
10 EPA short-term chronic whole effluent toxicity tests and some 
acute toxicity tests. In addition, Table 1-8 summarizes the 
interlaboratory precision for three chronic test species and two 
acute test species using a variety of different compounds. 

In summary, whole effluent toxicity testing methods can repre- 
sent practical tests that estimate potential receiving water im- 
pacts. Permit limits that are developed correctly from whole 
effluent toxicity tests should protect aquatic biota if the discharged 
effluent meets the limits. It is important not to confuse permit 
limit variability with toxicity test variability. Chapter 5 discusses 
permit limit variability. 

1.3.4 Consideradloas lnrolvsd wlrsn hplemntlng tlrs Wbale 
E m w  l&dlyAppmeb 

An understanding of some basic considerations and toxicoloi~ical 
principles is important in order to apply routinely the whok 
effluent approach to the asswment and control of municipal and 
industrial effluents. The following sections provide a more indepth 
discussion of each of these factors and principles. (Chapters 3 and 
5 discuss specific details for characterizing an effluent and deriv- 
ing permit limits.) 

Comparisons of toxicity data between tests conducted onsite and 
tests conducted offsite on samples shipped to Environmental 
Research Laboratory (ERL)-Duluth and (ERL)-Narragansett via air- 
freight have, with a few exceptions, shown little variation. For 
many effluents, onsite or offsite test data do not appear to be 
significantly different. The major consideration is cost. Cost also 
should be weighed against data needs to make the onsite/offsite 
determination. 

Research into the precision of whole effluent toxicity methods by 
various groups (including EPA) has shown that toxicity test proce- 
dures exhibit variability [17-18, 19, 42491. In chronic toxicity 
tests, variability is measured close to the limit of detection because 
the endpoint of the test is already at the lower end of the 
biological method detection range (Le., an NOEC). This is in 
contrast to acute toxicity tests where the test endpoint is normally 
calculated at midrange (i.e., LCso), but is sometimes calculated at 
the lower end of the biological detection range (Le., LC1). CVs 
cannot be calculated for NOEC endpoints determined using an 
analysis of variance (hypothesis testing) because this procedure 

For example, if the presence in the effluent of nonpersistent 
compounds (i.e., chlorine or other volatiles) is suspected or known, 
then the regulatory authority may want to conduct onsite testing. 
If it is not considered important to the analysis of toxic impact, 
offsite testing is as acceptable as onsite testing. In general, offsite 
testing would be acceptable for most effluents except those with 
volatiles. When conducting flow-through toxicity tests whicQ 
require a continuously pumped sample, onsite testing is strongly 
recommended. Regardless, cost considerations should not over- 
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Box 1-5. Toxicity Test Method Precision 

Precision can be described by the mean and relative standard deviation (percent coefficient of variation, or 
CVetandard deviation/mean x 100) of the calculated endpoints from the replicated toxicity tests. Several factors 
can affect the precision of the test, induding test organism age, condition, sensitivity, temperature control, 
salinity, pH control, handling and feeding of the test organisms, and the training of laboratory personnel. For 
these reasons, it is recommended that trained laboratory personnel carefirlly conduct the tests in strict accor- 
dance with the test manuals fbr acute and chronic toxicity testing. In addtion, acute and chronic toxicity testing 
quality assurance practices should be fully performed. Simple quality assurance procedures, which are described 
at the beginning of each manual, include: 

Single laboratory precision deteminations, using reference toxicants, on each of the tests procedures to 
determine the ability of the laboratory personnel to obtain consistent, precise results. These determinations 
should be made before attempting to measure effluent toxicity, and routinely confirmed as long as routine 
whole effluent toxicity tests are being conducted. 

Use of reference toxicants to routinely evaluate the quality and sensitivity of the test organisms to be used in 
each teh 

Development of "control charts" should be prepared for each reference toxicant/organism/protocol combi- 
nation to determine if the results are within prexfibed limits. The control chart consists of successive data 
added with each reference toxicant test, and is the basis for evaluating data once the control chart" is 

The minimum criteria of test acceptability specific for each protocol. 

Guidelines for recommended quality assurance practices are found in each manual [17,18,19]. 

established. 

Within-la&ratq precision data are routinely calculated on a minimum of bvo reference toxicants as part of the 
EPA methbds development process. These data have been established for each of the four EPA freshwater 
chronic m - m  and each of the six marine/estuarine chronic methods. Withidaboratory precision is detailed 
at the end'ef each of the methods rections in the methods manuals [17,18,19] and is summarized in Appendix 
A qables A-1 :1 to A1 -1 8 for the marhe/estuarine methods and Tables A 1  -1 9 to A 1  -31 for the freshwater 
methods>-d.summarized in Tables 1-6 and 1-7. lntralaboratory precision data also are presented for acute 
toxicity te3ts and are summarized in Table 1-8. Each laboratq should be establishing a reference toxicant 
"record," including a control chad EPA's reference toxicant numbers are only meant to show precision of the 
methods within EPA laboratories and to serve as guidance for other laboratories. Each laboratory's reference 
toxicant data will reflect conditions unique to that facility, including dilution water, culturing, etc  However, each 
laboratory's reference toxicant CVs should reflect good repeatability. 

The CVs may be cakulated for acute LCso and chronic ECsa ICs, and ICs0 data. A mean and range is given for 
the chronic no obsewed effect concentration (NOEC) precision data because an NOEC is not a point estimate 
and is dependent on the tightness of the concentration intewal employed in the reference toxicant tests (i.e., the 
doser the NOEC concentration range the more precise the test is for the reference toxicant). The closer the CV is 
to zero, the better. However, CVs should only be compared with the same test protocol/species tested against 
the same reference toxicant Estimates of variability (CVs) should only be applied for specific protocols against a 
specific chemical using the same concentration intervals. 

Reference toxicant data should be required for each of the methods stipulated by the permit authority as part of 
routine quality assurance/quality control (QNQC) for checking the rdiability of the tests conducted by the 
permittees. In addition, Criteria of Acceptability for each of the 10 chronic methods are listed in the methods 
manuals, and should be used as a check for whether the compliance data submitted is minimally acceptable [18, 
191. (See Table 1 of ea* of the 4 freshwater methods and Table 2 of each of the 10 marine/estuarine methods 
entitled, "Summary of Recommended Effluent Toxicity Test Conditions.") 

To date, interlaboratofy precision (round robin) tests have been completed for the 7day Fathead Minnow Lar- 
val Survival and Growth Test, the Cladoceran, Cuiodaphnia Survival and Reproduction Test, and the 
Sheepshead Minnow Larval Survhral and Growth Test The results of these round robin studies show good 
reproducibility for these three methods. Results of the round robin testing will show greatervariability (i.e., larger 
CVs) due to a larger number of variables introduced by many round robin laboratories participating. Researchefs 
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Box 1-5. Toxicity Test Method Precision (continued) 

have found that a two- to threefold increase in CV values is acceptable with biological testing [46, 50. 511. 
Interlaboratory data also are presented from several acute toxicity tests [46]. The data from these round robin 
tests can be found in Appendix A Fables A-1 -5, A-1 -23, A-1 -24, A-1 -27, A-1 -28, and A-1 -30) and are summarized 
in Table 1-8. 

Researchers agree that the precision of these tests is acceptable. Rue, fava, and Crothe concluded that whole 
effluent toxicity test methods “are comparable to accepted analytical methodologies” [SO]. Another study by 
Crothe, Kimede, and Malloch also concluded that when comparing “...CVs for select effluent toxicity test 
methods and commonly accepted analytical me thods... the precision of both techniques is similar” [51 1. This has 
led the 4ency to condude ”...that toxicity test methods, where properly followed, exhibit an acceptable range 
of variability“ (see the discussion of toxicity testing requirements for POlWs, 55 FR 30082 at 301 1 2, July 24,1990) 
~ 1 .  

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

F l o l r - ~ n r r r s r r r S t a t i c a n d ~ T a x i c ~ T e $ t i ~  
Several factors should be considered in making the choice of 
toxicity testsystem. These indude the type of toxicity being 
measured (Le., is the effluent highly variable or not. is the dis- 
charge continuous or intermittent?); the amount of data needed 
(variable effluents may require more data); and, as between differ- 
ent systems that wWprovide adequate data, expense. 

Two basic types of &tins systems are available to measure efflu- 
ent toxicity: flow-though systems and static systems. A flow- 
through toxicity --is conducted using a diluter system and a 
continuous feed of--@et and dilution water. A static toxicity 
test is conducted in test chambers (without a serial diluter d e l i i  
system) into which effluent and diluent are added manually. 
Usually, only one effluent sample is collected and used at the 
beginning of a static test. A variation of the static procedure is the 
renewal toxicity test- This test uses the same delivery system as 
that of a static test but the test solutions are changed, or renewed, 
on a predetermined schedule (Le., every 24 hours). Fresh effluent 
samples generally are collected to renew the test solutions. 

Online continuous flow-through testing can sample and measure 
“peaks” of toxicity should they occur during the testing period. In 
variable effluents, however, the test organisms would only be 
exposed to peak toxicity for periods proportional to the flow- 
through rate, the duration of the peak in toxicity and length of 
the test Static and static renewal tests also can measure peaks in 
effluent toxicity depending on the type of sampling used, and if 
the sampling OCCUK at the time of the toxicity peak. 

If the effluent is highly variable and continuously discharged, 
either a flow-through or renewal test would be appropriate. If the 
effluent is highly variable with an intermittent discharge, a flow- 
through or a renewal test also would be appropriate. However, 
the effluent sample collected for the renewal test should be a 
composite collected over the period of the discharge. If the 
effluent is not considered variable, such as a discharge from a 30- 
day retention basin, then a static or renewal test using a grab or 

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

Cost also is a factor. Flow-through tests are more resource 
intensive and require complex delivery systems. Consequently, 
less data can be generated per unit cost than with static or 
renewal testing. Where more data at less cost are desirable, static 
or renewal testing probably is more appropriate. Typically, more 
samples using renewal is preferable to fewer samples using flow- 
through for the same total cost since this would allow better 
characterization of effluent variability. 

&ab miilrrg w“ &”e Sampling 
The use of a grab sample or a composite sample is based upon the 
objectives of the test and an understanding of the long-term 
operations and schedules of the discharger. If the toxicity of the 
effluent is variable, grab samples collected during the peak, of 
effluent toxicity provide a measure of maximum toxic effect. 
Collection of grab samples may be necessary if there is little 
dispersion or mixing of the effluent in the receiving water. In 
these instances the peaks could persist in the receiving water. 
Although a grab sample has the potential of revealing the toxicity 
peak in an effluent, the sample has to be collected at the time of 
the toxicity spike. Therefore, in a variable effluent, the grab 
sample has a high probability of missing the toxicity peak. On the 
other hand, a 24-hour composite sample may more readily catch 
the toxicity peak(s), but the compositing process may tend to 
dilute the toxicity resulting in a misleading measure of the maxi- 
mum toxicity of the effluent. Composited samples are, therefore, 
more appropriate for chronic tests where peak toxicity of short 
duration is of lesser concern. More detailed discussions of the 
type of toxicity tests and the best sampling methods are provided 
in the manuals for the acute and chronic, freshwater and marine 
toxicity testing procedures [17, 18, 191 and in Chapter 3. 

v&w/ily r 

There are three important SOUK~S of differences in a water quality 
impact analysis: 
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Table 1-6. Intralaboratoty Precision of Chronic Whole Effluent Toxicity Test Methods 
- YC 

Test NOEC Mean Mean Water 
Method Range IC25 @4%) ICs0 W%) Compound Used 

Cypnnodon variegufus-Survival and Growth 

9.05  - 0.05 mg/l 0.07 41.8 0.1 3 40.8 COPY As 
0.5 - 1 .O mg/I' 1.5 31.4 1.9 31 -8 SDS AS 
31 .- 125 ug/12 300.4 33.0 396.9 19.2 Copper NS 
1.3 - 2.5 mg/ll 2.2 27.6 2.6 35.3 SDS NS 

Embryo larval survival and tefatogenicity 

EClO E G O  
200 - 240 ug/12 202 2.8 233.5 2.5 Copper AS 
2.0 - 4.0 mg/ll 1.9 35 11.7 2.9 SDS AS r. 

Menidia beryllino - Survival and Growth 

31 - 125 ug/12 209.9 43.7 340.8 50.7 Copper NS 
1.3 + 0 mg/l 1.3 43.2 1.9 9.4 SDS NS 

Mysidopsis M i a  -Survival, Growth, and Fecundity 
4 . 3  -5.0m /14 5.7 35.0 6.9 47.8 SDS NS 

NS P 138.3 18.0 185.8 5.8 Copper 63 - 125 ug/l s 
~rbacia punctulata -t+rtilization 

- -5.0 - 12.5 ug/ll 23.5 54.6 45.7 47.9 Copper AS 
1 1.2 - 3.3 mg/t' 1.7 29.7 2.4 23.3 SDS AS 
z <6.1 - 24.4 Ug/l2 22.9 41.9 29.9 48.2 Copper NS 
- 0.9 - 1.8 mgA1 2.58 28.7 3.2 33.3 SDS NS - 

Champia p r w h  Reproduction - - .. 
0.5 - 1 .o ug/l' 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 mg/12 0.31 69.0 0.36 37.0 SDS ASINS 
0.1 5 - 0.60 mg/12 0.46 62.3 0.75 22.92 SDS NS 

Pimephales promela+ Survival 61 Growth 
128 - 256 ug/ll -5 - -5 - NAPCP~ Fw 
0.01 1 - 0.01 3 mg/I' -5 - -5 - Cadmium Fw 

T- 
Embryo larval survival and teratogenicity LCl 

0.01 1 - 0.01 3 mg/l - - 0.0068 62 Cadmium Fw iL 
0.01 1 - 0.01 3 mg/l - - 1.51 41.3 Diquat Fw 

Ceriodaphnia dubia - Reproduction 
0.1 0 - 0.30 mg/l' 0.22 41.1 3 0.3 27.9 NAPCP Fw 
0.25 - 1 .OO mg/l 0.91 20.5 1.24 15.2 Sodium 

Chloride 

G o  F- 
Seknastnrm capncomutum - 96-hour Survival 

m 
2.1 - 2.8 9/14 - - 2.4 10.2 Sodium Fw 

chloride 

' Dtfference ~d one test concentram. M--utmwl seawater. 
~mmncc d huo test c w e n t r a m s .  N L n a t u d  seawater. 
3~odtum dodc~yl sulfate. w. 
' O d f m c e  of four test concmt~tw~s. - Data not available. 

6Wium pentach~oqtw~o~. 

r 

data were unavailable. so K25 and IC50 could not be okulated. Now Data used in this table are found in Appendix A-1 
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1 ro Table 1-7. lntralaboratory Precision of Acute Whole Effluent Toxicity Test Methods 

N (number of tests) CV(%) Compound 

Pimephales promelas' 12 40 NAPCP 

(96-hour) 9 22 505 
9 86 Cadmium 

Daphnia pula' 14 36 NAPCP 

(48-hour) 10 43 SDS 
9 21 Cadmium 

Daphnia magna. 13 10 NAPCP 

(48-hour) 8 29 SDS 
8 72 Cadmium 

*Data taken from Draft 1990 Acute Manual. 

Table 1-8. Summary of Interlaboratory Variability Data for Whole Effluent Toxicity Test Methods [17, 18, 19,461 

Test Method NOEC Range IC= cv(%)' 
Chronic 
1. Qprinodon wriegurus 

7day growth and survival 
- 2 Pimephales pmmelos 
- 7day growth and survival 

3. I Eeriodaphnio dubio 
Tday reproduction 

- 

4. Ceriodaphnia dubia 
7day reproduction 

5. Ceriodaphnia dubia 
7day reproduction 

6. Ceriodaphnia dubia 
7day reproduction . 

1 - 3.2% effluent2 

<3.0 - 6.0 mg/12 
potassium chromate 

0.25 - 0.30 mgll 
NAPCP3 

6 - 12% effluent2 

4.25 - 1 .O mg/l 
sodium chloride 
0.25-1 .O mgll 
sodium chloride 

44.2 

31 .O 

41.1 

- 

29.0 

20.5 
I 

Acute Toxicant LCSO W%) 
7. Cyprinodon variegatus 

96-hour static 
96-hour flow-through 
96-hour static 
96-hour flow-through 

8. Mysidopsis bahia 
96-hour static 
96-hour flow-through 
96-hour static 
96-hour flow-through 

endosulfan 
endosulfan 
silver nitrate 
silver nitrate 

endosulfan 
endosulfan 
silver nitrate 
silver nitrate 

37.7 
46.2 
34.6 
50.1 

59.5 
51.9 
26.6 
22.3 

'~~-coefficicnt ~f variation. 
h i s  
~NAPCP-W~U~ pentach-. 

Note: Data rummatized in this taMe wecc taken fmm Appendix A-1 . 

a d i m e  of w exposure concentration. 

-: D a t a u ~ ~ a i b b k .  

k: 

.- 

t 
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Effluent variability is caused by changes in the composi- 
tion of the effluent. Virtually all effluents vary in composi- 
tion over time. 

Exposure variability is caused by changes in flow rates of 
both effluent and receiving water. There also are variable 
receiving water parameters that may be independent of 
flow, such as background toxicant levels, pH, salinity, tides, 
suspended solids, hardness, dissolved oxygen, and tem- 
perature, that can be important in assessing impMt 

Species sensithrity differences are caused by &.differ- 
ences in response to toxicants between species. 

Each type of variability is discussed below. 

Effluant V a W i i I t y  
Effluent variability is an important component in overall variability 
of water quality impact analyses and should be addressed ad- 
equately in permitting (see Chapter 5, Permit Requirements). 
Effluent variability can be addressed by designing proper sam- 
pling and testing procedures. Sampling measurements should be 
tailored to the toxic effect of concern (Le., acute or chronic) and 
the need to design testing that accounts for effluent variabilii. 
Chapter 3, Effluent Characterization, describes recommendations 
for a tezting frequency designed to assess variable effluents. Ap- 
pendix F details suggested sampling procedures. 

Appendix A-2 d e m o k t e s  the types of effluent variability that 
may be seen in publicly owned treatment w o k  (POW) effluents 
as measured through a b x i i  M n g  of the eftluents (see Appen- 
dix A2, Tables A-2-1 to A-2-9). The CVs (effluent variability) for 
POW effluents are b a d  on acute LCso data that range from 19.6 
percent to 42 percent effluent, and for lCx  chronic data that range 
from 52.8 percent to 101.3 percent Also in Appendix A-2, Tables 
A-2-10 to A2-12 show acute and short-term chronic effluent 
variability data from oil refineries on three species, fathead min- 
nows, Ceriodaphnia, and mysids. The C V s  associated with this 
effluent variability data range from 18.7 percent to 54 percent for 
the acute LCso data, and from 29.8 percent to 59.6 percent for 
the chronic NOEC data. Data on effluent variability in various 
types of manufacturing facilities are in Appendix A-2, TaMes A-2- 
13 to A-2-18. Acute toxicity test results show CVs for effluent 
variability ranging from 20.3 percent to >53.9 p c r c ~ t  

- 

Tables A-2-6 to 14-2-9 in Appendix A2 illustrate the effluent 
variability of a P O W  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 using the sea urchin fertilization test 
(Ahuciu punctuloto), the red macroalga fertilization test (olumpb 
porvukr), the mysid 7day growth, fecundity and survival test 
(Mywdopsis bahia), and the inland silverside 7-day larval growth 
and survival test (Menidia bgrllino). The sea urchin and Fed 
m m l g a  testJ were conducted daiiy during each of thc four 7- 
day studies, and provide good examples of the daily variability of 
the effluent. 

These results show that the effluents vaty in toxicity and that any 
one effluent can exhibit significantly varying toxicity to differem 
test species over time. The data also indicate that the effluents 

were rarely toxic below 10 percent effect concentration and were 
not toxic below 0.1 peKent effect concentration. This informa- 
tion is discussed in Chapter 3, Recommendations for Testing the 
Toxicity of Effluents section. - v-itr 
Exposure variability is a complex factor that can be addressed in 
two ways. Fiat, the simplest, easiest applied approach is to 
assume a steady state exposure condition (usually an estimate of 
presumed "worst case" exposure) using a critical receiving water 
flow or condition and a typical effluent flow. 

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

One of the primary considerations in establishing a toxicity testing 
requirement for a dixharger is requiring a suitable test species. 
Different species exhibit different sensitivities to toxicants. Often, 
differences of several orders of magnitude exist for a given indi- 
vidual toxicant between the least sensitive and the most sensitive . L 
spedes. This range varies greatly and can be narrow or wide 
depending on the individual toxicant involved. 

Since the measured toxicity of an effluent will be caused by 
unknown toxic constituents, the relathe sensitivities of various 
test species also will be unknown. Therefore, proper effluent 
toxicity analysis requires an assessment of a range of sensitivities 
of different test species to that effluent A knowledge of the range 
is necessary 50 that the regulatory authority can protect aquatic 
organisms. The only way to assess the range of sensitivities is to 
test a number of different species from different taxonomic groups, 
as in the development of the national ambient water quality 
criteria. 

To pmvide sufficient information for making permitting deci- 
sions, EPA rccommtnds a minimum number of three species, 
mpmsaiting three different phyla (e.g., a fish, an inverte- 
brate, d a plant) be used to test an effluent for toxicity. 
However, in some cases, the optimum number of species may be 
fewer or more depending upon such factors as how thoroughly 
the effluent has been characterized, the available receiving water 
dilution, the use classification and existing uses of the receiving 
water, as well as other special considerations. For example, if an 
effluent has been characterized as highly consistent, with littie 
chance of variation due to batch processes, changes in raw mate- 
rials or changes in treatment efficiency, then the use of the two 
most sensitive species, or even the one most sensitive species, 
may be appropriate as determined on a caseby-case basis. 

Since whole effluents are complex mixtures of toxicants, generali- 
zations about sensitive and nonsensitive species are difficult to 
make. For example, one generalization is that trout are Consid- 
ered sensitjve organisms requiring highqwlity water. However, 
this generalization may not apply in all cases; trout are very 
sensitive to oxygen depletion but may be relatively insensitive to 
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certain toxicants. Another species, Daphnia magna, is wry sensi- 
tive when exposed to many toxicants, but relatively insensitive 
when exposured to the pesticide endrin. Bluegills are very resis- 
tant to metals, particularly copper. Conversely, bluegills are a 
sensitive test species for organophosphate pesticides. 

Figures 1-7 to 1-9 show the differences in species sensitivities to 
hexavalent chromium, dieldrin, and an effluent from a POW, 
respectively [53]. The wide range be- sensitivities for the 
different test species is shown. Comparing the figures shows that 
the fish, invertebrates, and algae shift relative sensitivities to the 
effluentdtoxicants. The fish are less sensitive to chromium but 
more sensitive to dieldrin. For the cladocerans, the "e is true. 
The results of whole effluent tests using five marine/estuarine 
short-term chronic test methods also indicate that no species or 
test method is always the most sensitive. In a total of 13 effluents 
tested onsite, champia pawla was the most sensitive in 15 per- 
cent, A h u a  punctulara in 54 percent, mysids in 31 percent and 
fish in 15 percent of the cases 1241. 

Analysis of species sensitivity ranges found in the national ambient 
water quality criteria [1,2] indicates that if tests are conducted on 
three particular species (Daphnia magna, Pitnephaks pmmeb, and 
Lepomis marrochitus), the most sensitive of the three will have an 
LCso within oFe order of magnitude of the most sensitive of all 
species tested [54]. This was found to be trw for 71 of the 73 
priority pollutants tested with four or more species. 

Sometimes, regulatory agencies require testing on representative 
resident species d e r  the assumption that such tests are needed 
to assess impact e l  biota. EPA considen it unnecessary to 
test resident species$ince standard test species have been shown 
to represent the serrsitiw range of all w e n u  analyzed [54]. 
Resident species to&ty.testing is strongly discouraged unless it is 
rquired by State &-he& some other legally binding factor, or it 
has been determined that a unique resident species would be far 
more protective of the receiving water than the EPA surrogate 
species. The use of other representative species should be su& 
jected to strict quality assurance and quality control procedures 
and should follow rigorous test methodologies that are at least 
equivalent to EPA methods. Quality assurance procedures should 
account for the use of the same species, the same l ie  stage and 
age of individuals, acclimation periods to avoid mortality due to 
collection, S ~ ~ S O M ~  variations in populations, habitat requirements, 
health of the species cultured, as well as the use of re fmce  
toxicant tests and other standard procedures. To use a resident 
organism, a facility would have to develop a protocol to culture 
the organism and to assess intra- and interlaboratory variability. 
Such testing is more costly, more difficult, and potentially subject 
to more variability (disease, age, etc) than standardized testing. 
In any case, organisms collected directly from the receiving water 
itself should never be used.because.existing-impairment may 
mask any toxicity. 

Acute-kRallo 
The acute-tothronic ratio (ACR) e x p e  the relationship be- 
tween the concentration of whole effluent toxicity or a toxicant 
causing acute toxicity to a species (expressed as an acute toxicity 
endpoint such as an LCso) and the concentration of whole effiu- 
ent toxicity or a toxicant causing chronic toxicity to the same 
species (expressed as a chronic toxicity endpoint such as an 

Figure 1-7. Log of LCMS of Freshwater Species Exposed to 
Hexavalent Chromium 

-3.0 -20 -1 .o 0.0 

Log L h  in mql 

Figure 1-8. Log of LCms of Freshwater Species Exposed 
to Dieldrin 

20 40 60 80 

Log LCw in mg/l as Percent Effluent 

Figure 1-9. Log of L C w  of Freshwater and Saltwater 
Species Exposed to a P O W  Effluent 

NOEC or its equivalent, Le., ACR=ATVCE or LCso/NOEC). An 
ACR is commonly used to extrapolate to a "chronic toxicity" 
concentration using exposure considerations and available acute 
toxicity data when chronic toxicity data for the species, chemical, 
or effluent of concem are unavailable. The ACR should be greater 
than one, since the ratio compares an acute effect concentration 
with a chronic effect concentration. 

This parameter can be a source bf uncertainty in predicting water 
quality impact because the ACR varies between species for a given 
chemical and, for any one species, between different toxicants. 
The latter is a reason why the ACR for a complex effluent may ngt 
be a constant Regardless of this variability, when faced with a 
limited amount of &ronic toxicity data, the regulatory authority 
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must apply some ACR to an effluent or chemical (or decide to 
collect more data) when converting wasteload allocations to 
common terms in the permit limit derivation process described in 
Chapter 5. 

The ACR also may be used in developing chronic toxicity limits 
where chronic toxicity is not measured directly, in order to mini- 
mize testing costs. Likewise, if the toxicity is for the most part 
manifested in reproduction, growth, etc. (Le., nonlethal) end- 
points, an acute test may not be appropriate for compliance 
monitoring. Where acute and chronic toxicity data are avail- 
able, the ACR should be calculated directly for that specific 
effluent 

Data on acute and chronic toxicity for complex effluents from 
different categories of dischargers (i.e., POTws, oil refineries, and 
chemical manufacturers) show that ACRs for whole effluents range 
from <1.0 to >50.0, with the majority of ACRs falling below 20 
(see Appendix A-3). Acute to chronic ratios for oil refinery data 
from one plant, based on three species ranged from 1.49 to 
>10.0. Acute to chronic ratios for a variety of chemical manufac- 
turers, based on data from two species ranged from <1.0 to 
>50.0. Acute to chronic ratios for POTWs based on two species 
ranged f" 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, Tabks,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 A C h r e  quite similar (Appendix A-3, Tables - 
A-3-1 to A-3-3). - - 
EPA recommends tha_trcqulatory authorities use a measured 
ACR In the absenceaf 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 BIOLOGICAL CRITERIA/BIOASSESSNENT AND 
BIOSURVEY APPROACH FOR AQUATIC LIFE 
PfWECTION 

As illustrated in Figure 1-10, ecological integrity is attainable 
when chemical, physical, and biological integrity occur simul- 
taneously [SI. Biological integrity is a good indicator of overall 
ecological integrity of aquatic environments because it .can pro- 
vide both a meaningful goal and a useful measure of environmen- 
tal status that relates directly to the overall integrity of the Nation's 
waters. To better protect the biological integrity of aquatic 
communities, EPA recommends that States begin to develop 
and impkment biological aiteria in their water q u a l i  stan- 
dards. Biological criteria, or "biocriteria," are numerical values or 
narrative statements that describe the reference biological integ- 
rity of aquatic communities inhabiting waten of a given desig- 
nated aquatic life use. When formally adopted into State stan- 
dards, biological criteria and aquatic life use designations sew as 

Figure 1-10. The Elements of Ecological Integrity 

direct, legal endpoints for determining aquatic life use 
nonattainment. Per Section 131.1 1 (b)(2) of the Water Quality 
Standards Regulation (40 CFR Part 131), biological criteria can 
supplement existing chemical-specific criteria and provide an al- 
temative to chemical-specific Criteria where such criteria cannot 
be established. Biological criteria quantitatively are developed by 
identrfying unimpaired or least-impacted reference waters that 
operationally represent best attainable conditions. Once candidate 
references are identified, integrated biological surwys (biosurveys) 
are used to characterize the resident community. Because of the 
complexity of fully characterizing the biological integrity of an 
entire aquatic community, State standards should contain bio- 
logical criteria that consider various components (measures of 
structure and/or function) of the larger aquatic community. 

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

1.4 1 lJs8 of Elasmep and EioaS#sarrnk in Water Uuallty- 
w Toxics conbrol 

A biological assessment, or "bioassessment," is an evaluation of 
the biological condition of a waterbody using biological surveys 
and other direct measurements of resident biota in surface waters. 
A biological survey, or "biosurvey," consists of collecting, process- 
ing, and analyzing representative portions of a resident aquatic 
community to determine the community structure and function. 
Biosuweys and bioassessments can be used directly to evalyate 
the overall biological integrity (structure and/or functional charac- 
teristics) of an aquatic community. Deviations from the biological 
integrity of an aquatic community can be measured directly using 
bioassessments and biosurveys only when the impacted commu- 
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Elements of 
Ecological Integrity Directly Protects Indirectly Protects 

1 

Chemical Integrity 

Physical Integrity 

Biological Integrity 

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

Criteria for conventionals 
(pH, tempature, dissolved oxygen) 

Biocriteria (biota response in 
surface water) 

Biocriteria 
(identification of 
impairment) 

Biocriteria 
(habitat evaluation) 

ChemicaVwhole 
effluent testing (biota 
response in laboratory) 

1 I 

nity is compared against a predetermined reference condition. 
Without proper quality controls (i.e., reference conditions), 
biosurwys tend to underestimate impairment 

Biosurveys ils~ess or detect the aggregate effect of impacts upon 
an aquatic community where discharges are multiple, complex, 
and variable and where point, nonpoint, and stormwater dis- 
charges are all affecting the biological condition of the receiving 
water. The residm-community integrates the effects of multiple 
stresses and sourceign numerous interactive biological compo- 
nents over time. -use of this, biosurveys necessarily cannot 
measure the impacts of one particular effluent that is being 
discharged to the receiving water. Chemical-specific analyses of 
pollutants known m c t  aquatic life and whole effluent toxic- 
ity tests are predictive water quality assessment took used to 
evaluate biological integrity. At the present time, biological sur- 
veys and biological assessments cannot be used as predictive 
water quality assessment tools. 

Biosurveys provide a useful monitor of both aggregate ecological 
impact and historical trends in the condition of an aquatic ecosys- 
tem. Biosuwys can detect aquatic life impacts that other avail- 
able assessment methods may miss, such as impacts caused by 
pollutants that are difficult to identlfy chemically or characterize 
toxicologically, and impacts from complex or unanticipated ex- 
posures. Perhaps most importantly, biosurveys can detect impacts 
caused by habitat degradation such as channelization, sedimen- 
tation, and historical contamination that disrupt the interactive 
balance among community components. 

Biosuwey data should be applied towards: 

Refining use classifications among different types of aquatic 
systems and within a given type of use category. 

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

Classifying outstanding national resource waters. 

Identifying where site-specific criteria modifications may be 
needed effectively to protect a waterbody. 

Improving use-attainability studies. 

Assessing impacts of certain nonpoint sources and, to- 
gether with the chemical-specific and whole effluent toxic- 
ity approaches, assist in controlling them. 

Monitoring the ecological effects of regulatory action taken 
under CWA Sections 401,402, and 301 (h). 

Evaluating the effectiveness and documenting the receiving 
water biological benefits of pollution controls. 

1.42 conductlg 8kwvep 
As is the case with all types of water quality monitoring programs, 
biosuweys should have clear data quality objectives, utilize consis- 
tent laboratory and field methods, and include quality assurance 
and quality control. Biosurveys should be tailored to the particu- 
lar type of waterbody being assessed (e.g., wetland, lake, stream, 
river, or estuary) and should focus on aquatic community compo- 
nents that are representative of the larger ecosystem and that are 
practical to measure. Biosurveys should be coupled routinely with 
basic chemical and physical measurements and an objective 
evaluation of habitat quality. 

EPA's Office of Water and several State water quality programs 
have developed techniques as guidance to support biosurveys 
and bioassessments [56-621. The techniques are an excellent 
supplementary tool to whole effluent toxicity testing and chemi- 
cal-specific techniques. However, it is important that biosurveys 
include sampling of as many species at different trophic levels as 
possible to reveal accurately receiving water community impacts. 

Excellent examples of biosurvey/bioassessment data collected and 
used in concert with ambient or effluent toxicity test data are the 
site studies described in Boxes 1-2 and 1-3. The toxicity tesk 
results and the ambient biosurvey data were based on the recom- 
mended minimum of three trophic levels (a fish, invertebrate, and 
a plant) to give a good overall picture of what was happening in 
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the receiving water. Recommended methodologies for conduct- 
ing biosurveys are included in References 56 through 62. 

1.5 INTEGRATION OF THE WHOLE EFFLUENT, 

APPROACHES 
CHEMICAL-SPECIFIC, AND BIOASSESSMENT 

Section 101 (a) of the CWA states: %e objective of this Act is to 
restore and maintain the chemical, physical and biological integ- 
rity of the Nation's waters." Taken together, chemical, physical, 
and biological integrity define the overall ecological integrity of 
an aquatic ecosystem. Regulatory agencies should strive to fully 
integrate all three approaches since each has its respective capa- 
bilities and limitations. Table 1-10 shows EPA guidance, State 
implementation, and State application of each approach [SS]. 
The information summarized in Box 1-6, and discussed in detail 
below, explains how each approach complements the other and 
why no one of the approaches should be used alone. 

A morePetailed discussion of the capabilities and limitations of 
the three approaches is provided below. 

1.5.1 4tabllttf# and ulnitatians ol tlrs c h m n i C i l l ~ i n C  
w - -  

The principal capabiRes of the chemical-specific approach are: 
* - 

At present, p r o t e n  of human health only can be achieved 
by control of specific chemicals. 

A more complz  un&"ding is available on the toxicol- 
ogy of specific chemicals. EPA acute ambient water quality 
criteria are based on protecting up to a minimum of eight 
different organisms including fish, invertebrates, and plants; 
a minimum of three organisms are used to dewlop chronic 
criteria. Considerable information is available in the xien- 
tific literature on toxicity caused by specific chemicals. 

. -  - - -  

Treatment systems are more easily designed to meet 
chemical requirements because more treatability data are 
available. 

More information is available on the fate of a pollutant in 
receiving waters so that the pollutant fate can be conve- 1 
niently predicted through modeling. Persistence and deg- 
radation can be factored into the evaluation. 

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

E This approach allows prediction of ecological impacts be- 
fore they occur. NPDES permit limits can therefore be 
developed before an actual ecological impact OCCUTS. 

The principal limitations of the chemical-specific approach are: 

All toxicants in complex wastewaters are not known and, 
therefore, control requirements for all toxicants cannot be 
set. Toxicological information on these unknown pollut- 
ants is often unavailable. 

The bioavailability of the toxicants at the discharge site are 
typically not assessed, and the interactions between toxi- 
cants (e.g., additivity, antagonism) are not measured or 
accounted for. As a result, the controls may be either under 
protective or overly protective. 

Direct biological receiving water impact and impairment i s  
not typically measured. There is no way to ascertain di- 
rectiy if the chemical controls adequately are protecting 
aquatic lie. 

Complete measurement of all individual toxicants, panicu- 
lady where many are present in the mixture, can be expen- 
sive. Organic chemicals, in particular, can be costly to 
measure. 

- 
L 

Table 1-10. Process for Implementation of Water Quality Standards 

Criteria EPA Guidance State Implementation State Application 

ChemicaCSpecific Pollutant-specific 
numeric criteria 

State Standards 
-use designation 
numeric criteria 
-antidegradation 

Permit limits monitoring 
Best management practices 
Wasteload allocations 

Narrative "Free froms" Whole effluent toxicit] 
guidance 

Water Quality Narrative 
-no toxic amounts translator 

Biological Biosurwy minimum State Standards 

-narratiw/numeric criteria 
requirement guidance 4 m d u s e  

Permit limits monitoring 
Wasteload allocation 
Best management practices 

r 
Permit conditions monitoring 
Best management practices 
Wasteload allocation 

-antidegradation 
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Box 1-6. Components of an Integrated Approach to Water Quality-based Toxics Control 

Control Approach Capabilities Limitations 

ChemicaCSpecific 

Whole effluent toxicity 

Bioassessments 

-Human health protection 
-Complete toxicology 
-Straightforward treatability 
-Fate understood 
-Less expensive testing if only 
a few toxicants are present 

-Prevents impacts 

-Aggregate toxicity 
-Unknown toxicants addressed 
-Bioavailability measured 
-Accurate toxicology 
-Prevents impacts 

-Measures actual receiving 
water effects 
-Historical trend analysis 
-Assesses quality above standards 
-Total effect of all sources, 
including unknown sources 

-Does not consider all toxics present 
-Bioavailability not measured 
-Interactions of mixtures (e.g., additivity) 
unaccounted for 
-Complete testing a n  be expensive 
-Direct bidogical impairment not 

.. measured 

-No direct human health protection 
-Incomplete toxicology 
(few species may be tested) 
-No direct treatment 
-No persistency or sediment coverage 
-Conditions in ambient may be different 
-Incomplete knowledge of causative 
toxicant 

-Critical flow effects not always assessed 
-Difficult to interpret impacts 
-Cause of impact not identified 
-No differentiation of sources 
-Impact has already occurred 
-No direct human health protection 

- -  - 
- 

1.5.2 caprbrrnrii and Umitatlons ut the Whole €ffluent 

The principal capabilities of whoie effluent techniques are: 
AppnWg-- 1 

The aggregate toxicity of all constituents in a complex 
effluent is measured, and toxic effect can be limited by 
limiting one parameter-whole effluent toxicity. 

Toxicity caused by compounds commonly not analyzed for 
in chemical tests is detected. Control of the toxicant(s) is 
not dependent upon established toxicological information 
that may not yet be available for some pollutants. 

The bioavailability of the toxic constituents is assessed, and 
the effects of interactions of constituents are measured. 
Additivity, synergism, and antagonism between compounds 
in an effluent are addressed implicitly by whole effluent 
toxicity. 

The toxicity of the effluent-or ambient water is measured 
directly for the species tested. 

This approach allows prediction of ecological impacts be- 
fore they occur. NPDES permit limits can therefore be 
dkeloped before an actual ecological impact occurs. 

The principal limitations of whole effluent techniques are: 

The approach only measures and controls toxicity to aquatic 
organisms. It does not protect human health frbm expo- 

P 

TI: 

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

EPA's water quality criteria are based on a minimum of 
eight different species for the acute criteria and three differ- 
ent species for the chronic criteria. Effluent aquatic toxicity 
commonly is measured with only one, two, or three spe- 
cies. For some toxicants a wider sensitivity range (more 
species) must be tested; particularly where the mode of 
toxicity action is specific (such as diazinon or some other 
pesticides). 

- 

There is less knowledge on designing or manipulating treat- 
ment systems to treat the parameter toxicity. Investigate - 
tools for identifying causative toxicants only have been h 
recently developed and may not easily identify all causative 
toxicants. As a result, identification and proper control may 
be difficult and expensive. 

The whole effluent toxicity test directly measures only the 
immediate bioavailability of a toxicant; it cannot measure 
the persistence "downstream" and long-term cumulative 
toxicity of a compound. Thus, bioaccumulative chemicals 
necessarily are not assessed or limited. Toxicants can accu- 
mulate in sediment to toxic concentrations over a period of 
time. 

- 

Where there are chemicaVphysical conditions present (6H 
changes, hardness changes, solids changes, salinity changes, 
photolysis, etc.) that act on toxicants in such a way as to 
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"release" toxicity away from the discharge point such tox- 
icity may not be measured in the effluent. The opposite of 
th is  also is possible; toxicity may degrade rapidly so there is 
no trace of it away from the point of discharge. For 
example, the actual pH and temperature in an ambient 
water may be sufficiently low to predude toxicity from 
ammonia whereas the higher pH and temperature of the 
toxicity test may induce toxicity f" ammonia. 

It is not always dear which compound or mixture of com- 
pounds is causing toxicity in the mixture. The causative 
toxicant may be difficult to identlfy for control. 

1.5.3 Capabllltles and ffmitatlons of the M " t ? n t  
Approacn 

The principal capabilities of the bioassessment approach are: 

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

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

Biosurveys can idehtify previously unknown sources of im- 
pairment and e y  identlfy where site-specific chemical 
criteria are needed. Bioassessments can be useful in charac- 
terizing ecologicaEiinpacts - to a waterbody in multiple di:- 
charge situation;.?- 

- 

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

The pnncipal limitations of the bioassessment approach are: 

Bioassessments conducted a t  critical low flow conditions 
may be difficult to accomplish. 

Biosurvey data cannot fully characterize impairment until 
after suitable biocriteria are developed. Biosurvey data may 
not be sufficient to detect impairments without appropriate 
reference conditions. 

Bioassessments measure integrated impacts over long peri- 
ods of time. Multiple factors can contribute to measured 
impacts. However, bioassessments cannot isolate the caus- 
ative factor leading to the impairment nor predict future 
impairment. 

_ .  

Bioassessments measure impact from any source and as 
such, the data bracketing a dixharge used to assess im- 
pacts may be influenced by pollutant sources further u p  

stream. Causes of biological impairment may not be as- 
signed readily to any one discharger. 

Bioassessments identify water quality problems after they 
have occumd; they currently are not predictive of water 
quality problems. By design, bioassessments are limited in 
their ability to identify waters that are not impaired. 

The approach only measures biological impairments to 
aquatic organisms. It does not protect human health from 
exposures through ingestion of fish. 

By using all three approaches, a State will more thoroughly pro- 
tect aquatic life. The chemical-specific approach provides a high 
accuracy of analysis of the individual chemical constituents, has 
been used by regulatory agencies, and is generally lowest in cost 
because of market availability. However, the level of protection of 
the chemical-specific approach can be low if toxicants are present 
in an effluent for which no chemical-specific criteria exists. In 
addition, some States have adopted very few criteria as a part of 
their water quality standards. On the other hand, whole effluent 
toxicity provides a high level of protection by measuring the 
aggregate effect of all toxicants. It provides accurate toxicology, 
but it can be higher in cost and has been historically less widely 
used by regulatory authorities. Bioassessments also provide a 
coverage of many biological impacts and allow for accurate his- 
torical trend analyses. However, bioassessments cost more and 
data interpretation can be difficult. Therefore, the integrated 
approach to water quality-based toxics control is essential for a 
strong toxics control program. 

To more fully protect aquatic habitats and provide more compre- 
hensive assessments of aquatic life use nonattainment, EPA rec- 
ommends that States fully integrate chemical-specific, whole 
effiuent and bioassessment approaches into their water qual- 
ity-based toxics control programs. It is EPA's position that the 
concept of "independent application" be applied to water 
quality-based situations. Since each method has unique as 
well as overlapping attributes, sensitivities, and program ap- 
plications, no single approach for detecting impact should be 
considered uniformly superior to any other approach. For 
example, the inability to detect receiving water impacts using 
a biosuwey alone is insufficient evidence to waive or relax a 
permit limit established using either of the other methods. 
The most protective results from each assessment conducted 
should be uSed in the effluent characterization process (see 
Chapter 3). The results of one assessment technique should 
not be used to contradict or overrule the results of the other(s). 
(For more information see Reference 55.) 

Whenever there are discrepancies between the findings of the 
approaches, regulatory agencies may need to re-examine the 
findings to determine if simplifications or assumptions may have 
caused the difference. The State of Ohio found in 60 percent of 
the sites where they collected bioassessment data, a biological 
impact occurred when chemical-specific data predicted no im- 
pact. The reverse also can occur-biosurveys may not show any 
impact in a stream whereas effluent data modeled at low flow 
project an exceedance of a chemical-specific criterion. In'this 
instance, the regulatory authority may need to consider a more 
detailed monitoring and modeling of chemical fate and transport 
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(which could indude probabilistic modeling) to determine if sim- 
plifications in dilution calculations projected higher concentra- 
tions than would be expected using the detailed model. The 
authority also would need to examine concurrently the sampling 
approach and analysis of the biosurvey data to determine if it 
appropriately characterized the water. If there was still a difference, 
then the regulatory authority will need to use the more protective 
approach as the basis to determine necksary regulatory controls. 

BASED mxlcs CONlROL 

An understanding of the fate and behavior of both single toxi- 
cants and whole effluent toxicity after discharge can be important 
in the application of water quality-based toxics controls. Evaluat- 
ing the combined effects of interacting toxic discharges also may 
be important in multiple discharge situations. When evaluating 
the receiving water behavior of toxicants and toxicity, factors such 
as toxicity degradation or persistence, and toxicant additivity, 
antagonism, and synergism are important. Ambient toxicity teN 
can give some indication of the importance of each of these 
factors: 

Toxicity Persistence-tiow long and to what extent (in 
terms of area), does effluent toxicity or the toxicity of a 
single toxicant persist after discharge? It is not reasonable 
to assume h t  in all cases the persistence of both individual 
toxic chemtc$ and effluent toxicity is conservative. For 
two efflu- of equal initial toxicity, the aquatic effects of 
an effluent h s e  toxicity degrades rapidly will be different 
from an e f f l ~ @ ~ ~  whose toxicity persists. 

AdditMty,&w-onism, and Synergism-When toxicants 
or effluents with toxic properties mix in the receiving water, 
what is their combined fate and toxic effects? 

--* ' 7  

Test Interferences-This includes pH, temperature, salin- 
ity, hardness, and metals. 

Each of these factors is discussed below. 

1.6.1 
As soon as an effluent mixes with receiving water its properties 
begin to change. The rate of change of toxicity in that effluent is 
a measure of its toxicity persistence or degradation. After mixing, 
the level of toxicity in the receiving water may either remain 
datively constant (until further diluted), increase in toxicity due 
to transformation, or degrade due to fate processes (photode- 
composition, microbial degradation) or compartmentalization 
processes (particulate adsorption and sediment deposition, vola- 
tilization). 

One disadvantage of the chemical-specific approach is that the 
bioavailability of the toxicant after discharge is not measured. 
Onsite toxicity testing has indicated that the individual toxicants 
causing toxicity measured at discharge sites tend dativety to be 
persistent near the point of discharge [23, 31-38]. Howewr, 
persistence of individual chemicals can be modeled and the per- 
sistence of specific toxicants also can be accounted for in making 

impact predictions and setting controls. A procedure to deter- 
mine whether or not an effluent's toxicity is persistent has been 
developed by EPA [63]. The procedure describes the steps re- 
quired to conduct a laboratory evaluation of the degradation of 
toxicity in complex effluents that are released to receiving waters 
by simplistically simulating a water body and discharge. EPA 
recommends this pmcedure be conducted where the interac- 
tion of sources of toxicants is critical to establishing controls. 

This simple procedure is performed in a refrigerator-sized environ- 
mental chamber in the laboratory using commonly available 
glassware and shipped effluent samples. Toxicity is measured 
using conventional acute or short-term chronic toxicity tests. The 
results are used to generate a toxicity degradation rate for the 
effluent under representative environmental conditions. The pro- 
cedure has several applications, including measuring the decay of 
effluent toxicity in a stream or lake, and identifying the most 
important fate processes responsible for toxicity decay (which 
also may be useful in treatability or toxicity identification studies). 

Mixing zones designated by State water quality standards, or 
developed on a case-by-case basis, are typically small enough that 
toxicity evaluations need only consider near field situations. Con- 
tinuous discharges continually can introduce toxic pollutants into 
a receiving water. Although these pollutants can decay over time, 
this decay will occur downstream or away from the discharge. 
The receiving water concentrations a t  the point of discharge 
continually are being reheshed. In these instances, toxicity can be 
considered conservative and persistent (nondecaying) in the near 
field. 

However, effluent toxicity can exhibit far field decay. Typical 
patterns of progrersiwly decreasing downstream toxicity (similar 
to biochemical oxygen demand decay) have been observed in a 
number of freshwater situations [23, 31-38]. This is of concern 
when evaluating the combined toxicity of sources located far 
apah If there is reason to suspect that an effluent's toxicity is not 
persistent, sevetal techniques can be employed to measure changes 
of toxicity after discharge: 

Testing should be performed during various seasons of the 
year corresponding to various receiving water flow regimes. 
The toxicity test itself, when performed with dilution water 
immediately upstream or from an uncontaminated area 
nearby, is an analogue of the mixing and fate processes 
taking place in the receiving water. The types of rapid 
chemical reactions found in the mixing zone also can be 
expected to take place to a large extent when effluents and 
receiving waters are mixed for toxicity tests. The effects on 
toxicity persistence of varying physical/chemical conditions 
in the receiving water or in the f luent  cannot, however, 
be accurately predicted from these results. 

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

Toxicity persistence may present a more serious problem in estua- 
rine or lake receiving waters where the toxicity is not flushed away 
rapidly. In one study, on a POW effiuent being discharged into a 
mall cove off of Narragansett Bay, the decay rate of the effiuent 
was temperatudependent and was reduced markedly during 
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the winter. H w ,  penktence of the effluent in the receiving 
water?cove in the winter did present a problem because tidal 
flushing did not remove the toxicity (391. 

For coastal discharges, certain toxic compounds are more often 
found to cause impacts in marine and estuarine environments 
[64]. Due to the physical and chemical processes that tend to 
trap pollutants in estuaries (sedimentation, salinity flux, etc.), the 
discharge of these compounds, at very low concentrations over a 
long period of time, may allow them to accumulate to toxic 
concentrations. For many of thesecompounds, applicable permit 
limits may need to be very stringent to avoid chronic toxicity 
problems due to the pcrs@ence of these compounds. 

1=62 -,,,Onds1I#rgbRI 
Where multiple toxic effluents are discharged to a receiving wa- 
ter, the resultant ambient toxicity is of interest- Since each 
effluent is composed of individual toxic substances, a mixture of 
the duents in a receiving water produces a mixture of these 
individual pollutants (assuming conservative behavior). The over- 
all ambient toxicity could be equal to the sum of each discharge's 
toxicity (additivity), less than the sum (antagonism), or greater 
than the sum (synergism). 

Alabaster and Uoyd [65] observed from their data that the com- 
bined acutely lethal toxicity to tish and other aquatic organisms b 
approximately the simple addition of the proportional contribu- 
tion from each toxicant- The median value of the effect on fish is. 
0.95 of that predicted; the collective value for sewage effluents, 
river waters and a f-dustrial wastes is 0.85. The range for 
effluents, river wastes, and industrial wastes is 0.4 to 2.8. (Figure 
1 -1 1 illustrates thc data iirmmary.) 

99.5 99 gsL 
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figure 1-1 1. Data Summary on AdditMty [651 

In relation to chronic toxicity, for the growth of fish, Alabaster and 
Uoyd [65] conclude: 

... in the few studies on the growth of fish, the joint effect 
of toxicants has been consistently less than additive 
which suggests that as concentrations of toxicants are 
reduced towards the levels of no effect, their potential 
for addition is also reduced. There appear to be no 
marked and consistent differences between the response 
of species to mixtures of toxicants. 

1 
Cases in which one effluent or pollutant parameter (such as total 
suspended solids) ameliorated the toxicity of another effluent 
pollutant (antagonism) have been observed. Testing procedures 
can be designed to measure such interactions. A description of 
such a procedure is found in "Recommended Multiple-Source 
Toxicity Test Procedures," Box 3-3, Chapter 3. 

Theoretically, under certain conditions, synergism, a greater than 
additive increase in toxicity upon mixing, can occur. However, 
field studies af effluent toxicity and laboratory experiments with 
specific chemicals imply that synergism would be an extremely 
rare phenomenon. It has not been observed during onsite d u -  
ent toxicity studies, and is not considered an important factor in 
the toxicological aSSeament of effluents. 

In summary, the available information indicates that the c o m r  
bined effects of individual acutely toxic pollutants are from 0.4 to 
2.8 times the effects predicted by adding the individual effects. 
The median combined effect is approximately additive. For th is  
reason, EPA recommends in the absence of sitespecific data 
that regulatory authorities consider combined acute toxicity 
to be additive. Since the data shows no such additivity for 
chronic toxicity, EPA recommends that chronic toxicity not be 
considered as additive. 

E 

1.6.3 T&tIt&!nknmws L 

Environmental conditions such as pH, temperature, salinity, hard- 
ness, and solids concentration can influence the toxicity test. For 
example, higher ambient solids concentrations provide more sur- 
faces for toxicants to be adsorbed and can tend to reduce toxicity. 
In addition, toxicity caused by ammonia is controlled by the 
ambient pH and temperature. As a normal part of the whole 
effluent toxicity testing procedure, it is very important to 
replicate closely the "worst case" receiving water conditions 7-  
in the testing conditions. P 

There may be a few unusual situations where the pH, tempera- 
ture, hardness, salinity, and solids requirements of the testing 
procedures differ greatly from the worst environmental condi- 
tions for these parameters. In these situations, the effluent toxic- 
ity tests may either over or under predict the toxicity in the 
ambient receiving water. An example of this is where ammonia is 
present and the highest expected ambient water temperature is - 
20°C whereas the chronic toxicity test must be conducted at 
ZSOC. Since a higher temperature causes more ammonia toxicity, 
the temperature requirements of the test may induce toxicity not 
found in the ambient water. In such an instance, the regulatory 
authority must look carefully at the test protocols and all the data 
collected to determine if the facility is actually contributing to 
toxicity in the ambient water. A toxicity identification evaluation 
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may be to make determination* If this small number of molecular events can evoke changes in a single 
d~ows a toxicity test result to @ ar t i f id  due to environmental cell that can lead to uncontrolled cellular proliferation. Th is  
Parameters, then that be Overridden sub*uent mechanism for carcinogenesis is referred to as "nonthreshold," 
valid toxicity t eN  conducted. since there is essentially no level of exposure for such a chemical 

that does not pose a small, but finite, probability of generating a . 

1.7 HUMAN HEALTH PROTECTION 

Impacts on human health due to exposure to waterbome toxi- 
cants can occur through three primary exposure routes: contact 
recreation, drinking water, and the ingestion of contaminated fish 
and shelffish tissues. Contact recreation may pose potential risks 
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 life, is of primary concem in this document due to the 
potentially high concentrations achieved in fish and shelffish tis- 
sues from bioconcentration, and because no NPDES permitting 
controls exist between tissue contamination and human exposure. 
For these reasons, this document focuses on prevention of con- 
taminated aquatic life from bioconcentration as the principal way 
to control human exposure to waterbome toxicants. 

Currently, the regulation of human health impacts typically are 
based only upon the control of individual chemicals. EPA human 
health water quality qiteM protect against the consumption of 
contaminated water and aquatic life. There is no mechanism like 
the aquatic toxicity t g  to determine the effect of a chemical 
mixture like an e f f l e t  on human health. EPA is developing, 
however, a preliminary approach to analyzing effluents for 
bioaccumulation po tda l  through the use of a whole effluent 
bioconcentration andpis bllowed by identitication of individual 
bioconcentratable pollutants [66]. This procedure is dexribed in 
Chapter.3. Once this method is reviewed (both intemally and 
extemally) and finalized, it will provide another way for regulatory 
authorities to assess bioconcentratable pollutants. 

1.7.1 rvpcsofHsalbb EffecLF 
Health effects from toxics are divided into two categories: 
nonthreshdd effects, such as carcinogenicity, and threshold ef- 
fects, such as acute, subacute, or chronic toxicity. Both terms are 
deftned below. 

EPA's approach to assessing the risks associated with nonthreshold 
human carcinogens is different from the approach for threshold 
toxicants due to the different mechanisms of action thought to be 
involved. In the case of carcinogens, the 4 e n q  assumes that a 

carcinogenic response. Cenotoxic pollutants are presumed to 
have no threshold level, but incremental risk levels can be deter- 
mined based on the carcinogenic potency of the chemicals. 

Threshold toxicants, on the other hand, are generally treated as if 
there is an identifiable exposure threshold (both for individuals 
and populations) below which effects are not observable. Thresh- 
old toxicants are chemicals that give rise to toxic endpoints other 
than cancer because of their effects on the function of various 
organ systems. Such chemicals are presumed to have safe expo- 
sure levels. This characteristic distinguishes threshold endpoints 
from nonthreshold endpoints. However, it should be noted that 
chemicals that cause cancer and mutations also commonly evoke 
other toxic effects (systemic toxicity). In the case of systemic 
toxicity, compensating and adaptive "defense" mechanisms exist 
that must be overcome before the toxic endpoint is manifested. 
For example, there could be a large number of cells performing 
the same or similar function whose population must be signifi- 
cantly altered before the effect is seen. The individual threshold 
hypothesis holds that a range of exposures from zero to some 
finite value can be tolerated by the organisms with essentially no 
chance of expression of the toxic effect 

Currently, the control of toxicants that bioconcentrate in edible 
tissues is achieved in the NPDES program by limiting such pollut- 
ants individually. There are whole effluent tests that can measure 
a wastewater's potential to cause carcinogenicity or mutagenicity 
(e.g., Ames test). Howwer, the application of such data is experi- 
mental because of the difficulty in establishing cause/effect rela- 
tionships between exposure to wastewaters and human health 
problems. Therefore, at this time EPA recommends regulatory 
authorities focus on controls for bioconcentratable toxicants on a 
chemical-by-chemical control basis. 

The remaining information regarding regulation of human health 
impacts is contained in the following chapters: Chapter 2, Water 
Q u a l i  Standards, discusses the development and updating of 
human health water quality criteria. Chapter 3, Effluent Charac- 
terization, dixusses the evaluation of effluents for potential hu- 
man health impacts. Chapter 4, Exposure and Wasteload Alloca- 
tion, contains information on design conditions and averaging 
periods. Finally, Chapter 5,  Permit Requirements, discusses the 
derivation of permit limits protective against human health im- 
pacts. 
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2. WATER QUALITY CRITERIA AND STANDARDS 

2.1 INTRODUCTION 

The foundation of a water quality-based toxics control program 
consists of the State water quality standards applicable to the 
waterbody. The following discussion describes the regulatory and 
technical considerations for application of water quality stan- 
dards. 

2 1.1 ovsnimr of wada Quarny standardr 
A water quality standard defines the water quality goals of a water 
body, or portion thereof, by designating the use or uses to be 
made of the water, by setting criteria necessary to protect the 
uses, and by establishing antidegradation policies and implemen- 
tation procedures that serve to maintain and protect water qual- 
ity. States adopt water quality standards to protect public health 
or welfare, enhance the quality of water, and serve the purposes 
of the Clean Water Act (CWA). "Serve the purposes of the Act" 
(as defined in Sections 101 (a), 101 (a)(2), and 303(c) of the Act) 
means that water quality standards should (1 ) indude provisions 
for restoring and maintaining chemical, physical, and biological 
integrity of State w4ters; (2) provide, wherever attainable, water 
quality for the proTection and propagation of fish, shellfish, and 
wildlife and recreation in and on the water ("fishable/swimmable"); 
and (3) consider thguse and value of State waters for public water 
supplies, propag-n &fish and wildlife, recreation, agriculture 
and industrial purposes, and navigation. 

The CWA describes various uses of waters that are considered 
desirable and should be protected. These uses include public 
water supply, recreation, and propagation of fish and wildlife. The 
States are free to designate more specific uses (e.g., cold water 
and warm water aquatic life), or to designate uses not mentioned 
in the CWA, with the exception that waste transport and assimila- 
tion is not an acceptable designated use (see 40 CFR 131.1 O(a)). 
EPA's regulations emphasize the uses specified in CWA Section 
101 (a)(2), but do not preclude other beneficial uses and subcat- 
egories of uses as determined by the State. 

When designating uses, States should give careful consideration 
to whether uses that will support the "fishable and swimmable" 
goal of Section lOl(a)(2) are attainable. If the State does not 
designate uses in support of this goal, the State must perform a 
use attainability analysis under-Section 131 . lO(j) of the standards 
regulation. States should designate uses for the waterbody that 
the State determines can be attained in the future. "Attainable 
uses" are those uses (based on the State's system of water use 
classification) that can be achieved when effluent limits under 
CWA Section 301(b)(l)(A) and (B) and Section 306 are imple- 
mented for point source discharges and when costeffective and 
reasonable best management practices are implemented for 
nonpoint sources. The Water Quality Standards regulation speci- 
fies the conditions under which States may remove uses or estab 
lish subcategories of uses. Among these are that the State must 

provide opportunity for public hearing. In addition, uses that 
have been attained in the waterbody on or after November 28, 
1975, whether or not they are included in the water quality 
standards, may not be removed unless a use requiring more 
stringent criteria is added. These uses are the "existing uses" as 
defined in 40 CFR 131.3(e). Also, uses that are attainable, as 
defined above, may not be removed. Removal of a "fishable/ 
swimmable" use, or adoption of a subcategory of a "fishable/ 
swimmable" use that requires less stringent criteria, requires the 
State to conduct a use attainability analysis. Technical guidance 
on conducting use attainability analyses is available from EPA 
(e.g., Chapter 3 of the Water Quality Standards Handbook (1 983) 
11 1, and Technical Support Manual: Waterbody Surveys and Assess- 
ments for Conducting Use Artainabi/ify Analyses (1 983) [2]. 

In the Water Quality Standards regulation, Section 131.11 en- 
courages States to adopt both numeric and narrative criteria. 
Aquatic life criteria should protect against both short-term (acute) 
and long-term (chronic) effects. Numeric criteria particularly are 
important where the cause of toxicity is known or for protection 
against pollutants with potential human health impacts or 
bioaccumulation potential. Numeric water quality cnteria also 
may be the best way to address nonpoint source pollution prob- 
lems. Narrative criteria can be the basis for limiting toxicity in 
waste discharges where a specific pollutant can be identified as 
causing or contributing to the toxicity but there are no numeric 
criteria in the State standards or where toxicity cannot be traced 
to a particular pollutant. Section 1 31.1 1 (a)(2) requires States to 
develop implementation procedures that explain how the State 
will ensure that narrative toxics criteria are met. 

EPA's water quality standards regulation requires each State to 
adopt, as part of its water quality standards, an antidegradation 
policy consistent with 40 CFR 131.1 2 and to identify the methods 
it will use for implementing the policy. Activities covered by the 
antidegradation policy and implementation methods include both 
point and nonpoint sources of pollution. Section 131.1 2 effec- 
tively sets out a three-tiered approach for the protection of water 
quality. 

'Tier I" (40 CFR 131.12(a)(l)) of antidegradation maintains and 
protects existing uses and the water quality necessary to protect 
these uses. An existing use can be established by demonstrating 
that fishing, swimming, or other uses have actually occurred since 
November 28, 1975, or that the water quality is suitable to allow 
such uses to occur, whether or not such uses are designated uses 
for the waterbody in question. (Compare Sections 131.3(e) and 
131.30 of the existing regulation.) For example, in an area 
where shellfish are propagating and surviving in a biologically 
suitable habitat, the shellfish use is existing, whether or not people 
are harvesting the shellfish. The aquatic life protection use is a 
broad category requiring further explanation, which may be found ' 
in the Water Quaiiry Standards Handbook. 
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''Tier II" (Section 131.1 2(a)(2)) protects the water quality in wa- 
ters whose quality is better than that necessary to protect "fishable/ 
swimmable" uses of the waterbody. 40 CFR 131.1 2(a)(2) requires 
that certain procedures be followed and certain showings be 
made before lowering water quality in highquality waters. These 
showings may be called an "antidegradation review." In no case 
may water quality on a Tier 11 waterbody be lowered to the level at 
which existing uses are impaired. The Tier I I  protection usually is 
applied on a parameter-by-parameter basis. (called the defini- 
tional approach to Tier 11). This approach is applied on a case-by- 
case basis 50 that, if the lev4 of any parameter is better than water 
quality standards for that waterbody, then an antidegradation 
review will be performed for any activity that cwld reduce the 
level of that parameter. 

Outstanding national resource waters (ONRWs) are provided the 
highest level of protection under the antidegradation policy mer 
111); no degradation is allowed. ONRWs indude the highest- 
quality waters of the United States. However, the ONRW 
antidegradation classification also offers special protection for 
waters of "exceptional ecological significance," i.e., those 
waterbodies that are important, unique, or sensitive ecologically, 
but whose water quality, as measured by the traditional param- 
eters such 'as dissolved oxygen or pH, may not be particularly 
high. Waters of exceptional ecological significance may also 
indude waters whose characteristics cannot be described ad- 
equately by traditional parameters (such as wetlands and estuaries). 

States may, at their discretion, adopt certain policies in their 
standards affecting thGpplication and implementation of stan- 
dards. For example, policies conceming mixing zones, variances, 
low-flow exemptions, bid schedules of compliance for water 
quality-based permit lir+ m y  be adopted. Although these are 
areas of State discreGn, EPA retains authority to review and 
approve or disapprove 'such policies (see 40 CFR 131.1 3). Cuid- 
ance on these subjects is available from EPA's Office of Water 
Regulations and Standards, Criteria and Standards Division. 

- _  

2.1.2 Water Quality Standards and State Toxics conlro( 
"= 

Applicable requirements for State adoption of water quality crite- 
ria for toxicants vary depending upon the toxicant. The reason 
for this is that the 1983 water quality standards regulation and the 
1987 amendments to the CWA (Pub. L 100-4) indude more 
specific requirements for the particular toxicants listed in CWA 
Section 307(a). For regulatory purposes, EPA has translated the 
65 compounds and families of compounds listed in Section 307(a) 
into 126 specific substances that EPA refers to as priority toxic 
pollutants. The 126 priority toxic pollutants are listed in Appendix 
A of 40 CFR Pafl423. Because of the more specific requirements 
for pnority toxic pollutants, it is convenient to organize the re- 
quirements applicable to State adoption of criteria for toxicants 
into three categories: 

RGuirements applicable to priority toxic pollutants that 
have been the subject of CWA Section 304(a)(1) criteria 
guidance 

Requirements applicable to priority toxic pollutants that 
have not been the subject of CWA Section 304(aX1) criteria 
guidance and 

Requirements applicable to all other toxicants (Le., 
nonpriority toxic poltutants). 

The criteria requirements applicable to priority toxic pollutants 
(Le., the first two categories above), are specified in CWA Section 
303(c)(2)(B). On December 2, 1988, EPA sent "Guidance for 
State Implementation of Water Quality Standards for CWA Sec- 
tion 303(c)(2)(B)" to each of its Regions and to each State water 
pollution control agency. The guidance contained three options 
for implementing the new numeric criteria requirements of the 
Act: (1) adopt Statewide numeric criteria in standards for all those 
priority toxic pollutants for which EPA has published national 
criteria; (2) adopt numeric criteria for only those priority toxic 
pollutants and those stream segments where the discharge or 
presence of the pollutant could reasonably be expected to inter- 
fere with designated uses; or (3) adopt a specific procedure in the 
standards to "translate" the State's narrative "free from toxics" 
standard to derived numeric criteria. 

The transmittal memorandum for the Section 303(c)(2)(8) na- 
tional guidance expresses the Office of Water position regarding 
priority toxic pollutants that may "reasonably be expected" to 
interfere with designated uses. That memorandum and guidance 
established a rebuttable presumption that information indi- 
cating that such pollutants are discharged or present in surface 
waters (now or in the future) is sufficient justification to require 
adoption or derivation of numerical criteria. The goal is not just to 
identify pollutants that are already impacting surface waters, but 
rather to idenbfy pollutants that may be impacting surface waters 
now, or have the potential to do 50 in the future. Lack of detailed 
or widespread monitoring data is not an acceptable basis to omit 
numerical (or derived numerical) criteria from water quality stan- 
dards under O p t i w  2 and 3. Ewn a limited amount of monitor- 
ing data indicating the discharge or presence of priority toxic 
pollutants in surface waters is sufficient basis to conclude that 
numerical (or derived numerical) criteria are necessary. 

Where States select an Option 2 or 3 approach, States must 
indude, as part of the rationale supporting the adopted stan- 
dards, the information used in determining which priority toxic 
pollutants require criteria. Where there is uncertainty about the 
need for criteria for speufic priority toxic pollutants, the State 
should adopt (or derive) criteria for such pollutants so as to err on 
the side of environmental protection and pollution prevention. 
This approach is appropriate given the general lack of monitoring 
data for priority toxic pollutants; it will provide maximum protection 
to the environment by anticipating, rather than reacting to, water 
quality problems. 

For priority toxic pollutants for which EPA has not issued Section 
304(a)(l) criteria guidance, CWA Section 303(c)(2)(B) requires 
States to adopt criteria based on biological monitoring or assess- 
ment methods. The phrase "biological monitoring or assessment 
methods" indudes (1) whole effluent toxicity control methods, 
(2) biological criteria methods, or (3) other methods based on 
biological monitoring or assessment. The phrase "biological 
monitoring or assessment methods" in its broadest sense also 
indudes criteria developed through translator procedures. %is 
broad interpretation of that phrase is consistent with EPA's policy 
of applying chemical-speufic, biological, and whole effluent tox- 
icity methods independently in an integrated toxics control pro- 
gram. It also is consistent with the intent of Congress to expand 
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State standards programs beyond chemical-s&c.approaches. 

Where €PA has not issued Section 304(a) criteria guidance, but 
available laboratory toxicity (bioassay) data are sufficient to sup- 
port derivation of chemical-specific criteria, States should consider 
deriving and adopting numeric criteria for such priority toxic 
pollutants. This is particularly important where other compo- 
nents of a State's narrative criterion implementation procedure 
(e.g., whole effluent toxicity controls or biological criteria) may 
not ensure full protection of designated uses. For some pollutants, 
a combination of ch-ical-specific and other approaches is nec- 
essary (e.g., pollutants where bioaccumulation in fish tissue or 
water consumption by humans is a primary concern). 

Criteria requirements applicable to toxicants that are not priority 
toxic pollutants (i.e., the third category above), are speufied in 
the 1983 water quality standards regulation (see 40 CFR 131.1 1). 
Under these requirements, States must adopt criteria based on 
sound scientific rationale that cover sufficient parameters to PO- 
tect designated uses. Both numeric and narrative criteria are 
addressed by these requirements. 

Numeric criteria are required where such criteria are necesaty to 
protect designated uses. Numeric criteria to protect aquatic life 
should be M o p e d  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 particularlyimportant for toxicants known to be impair- 
ing surface waters gnd for toxicants with potential human health 
impacts (e.g., thos&with high bioaccumulation potential). Hu- 
man health shouldbe protected from exposure resulting from 
consumption of wa-and fish or other aquatic life (e.g., mussels, 
crayfish). Numeric *.quality criteria also are useful in address- 
ing nonpoint sou& pollution problems. 

In evaluating whether chemical-specific numeric criteria for toxi- 
canb are required, States should consider whether other ap- 
proaches (such as whole effluent toxicity criteria or biological 
controls) will ensure full protection of designated uses. As men- 
tioned above, a combination of independent approaches may be 
required in some cases to support the designated uses and com- 
ply with the requirements of the water quality standards regula- 
tion (e.g., pollutants where bioaccumulation in fish tissue or water 
consumption by humans is a primary concem). 

To supplement numeric criteria for toxicants, all States also have 
adopted narrative criteria for toxicants. Such narrative criteria are 
statements that describe the desired water quality goal, such as 
the following: 

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

€PA considers that the narrative criteria apply to all designated 
uses at all flows unless specified othecwise in a State's water 
quality standards. €PA 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 adopted chemical-specific numeric criteria. Narrative 
criteria also can be the basis for establishing whole effluent toxic- 
ity controls required by €PA regulations at 40 CFR 122.44(d)(l)(v). 

To ensure that narrative criteria for toxicants are attained, the 
water quality standards regulation requires States to develop 
implementation procedures (see 40 CFR 1 31.1 1 (a)(2)). Such 
implementation procedures (Box 2-1) should address all mecha- 
nisms used by the State to ensure that narrative criteria are 
attained. Because implementation of chemical-specific numeric 
criteria is a key component of State toxics control programs, 
narrative criteria implementation procedures must describe or 
reference the State's procedures to implement such chemical- 
specific numeric criteria (e.g., procedures for establishing chemi- 
cal-specific permits limits under the NPDES permitting program). 
Implementation procedures also must address State programs to 
control whole effluent toxicity and may address programs to 
implement biological criteria, where such programs have been 
developed by the State. Implementation procedures therefore 
serve as umbrella documents that describe how the State's vari- 
ous toxics control programs are integrated to ensure adequate 
protection for aquatic life and human health and attainment of 
the narrative toxics criterion. In essence, the procedure should 
apply the "independent application" principle, which provides for 
independent evaluations of attainment of a designated use based 
on chemical-specific, whole effluent toxicity, and biological crite- 
ria methods (see Chapter 1, Reference 56). 

EPA encourages, and may ultimately require, State implementa- 
tion procedures to provide for implementation of biological crite- 
ria. Howewr, the regulatory basis for requiring whole effluent 
toxicity controls is dear. EPA regulations at 40 CFR 1 22.44(d)(l)(v) 
require NPDES permits to contain whole effluent toxicity limits 
where a permittee has been shown to cause, have the reasonable 
potential to cause, or contribute to an in-stream excursion of b 

narrative criterion. Implementation of chemical-specific controls 
also is required by EPA regulations at 40 CFR 122.44(d)(1). State 
implementation procedures should, at a minimum, specify or 
reference methods to be used in implementing chemical-specific 
and whole effluent toxicity-based controls, explain how these 
methods are integrated, and spec@ needed application criteria. 

In addition to EPA's regulation at 40 CFR Part 1 31, EPA has regu- 
lations at 40 f f R  122.44 that cover the National Surface Water 
Toxiu Control Program. These regulations intrinsically are linked 
to the.requirements to achieve water quality standards, and spe- 
cifically address the control of pollutants both with and without 
numeric criteria. For example, Section 1 22.44(d)( 1 )(vi) provides 
the permitting authority with several options for establishing 
effluent limits when a State does not have a chemcal-specific 
numeric criteria for a pollutant present in an effluent at a concen- 
tration that causes or contributes to a violation of the State's 
narrative criteria. 
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As stated earlier, criteria are specifications of water quality de- 
signed to ensure protection of the designated use. €PA criteria are 
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Box 2-1; Components of an ideal State implementation Procedure 

Specific, scientifically defensible methods by which the State will implement its narrative toxics standard for all 
toxicants, including: 

- Methods for chemical-soecific criteria, including methods for applying chemical-specific criteria in per- 
mits, developing or modifying chemical-speafic criteria via a "translator procedure" (defined and 
discussed Mow), and calculating site-speafic criteria based on local water chemistry or biology 

- Methods for developing and implementing whole effluent toxicitv criteria and/or controls 

- Methods for developing and implementing bioloaical criteria. 

Integration of these methods in the State's toxics control program (Le., how the State will proceed when the 
specified methods produce conflicting or inconsistent results). 

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

- Methods the State will use to identrfy thosepollutants to be regulated in a specific discharge 
- An incremental cancer risk level for carcinogens 
- Methods for identifying compliance thresholds inpermits where calculated limits are below 

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

expressed as functions 
- Methods or policies controlling the size and in-zone quality of mixing zones 
- Resign flows to be used in translating chemical-specific numeric criteria for aquatic life and human 

health into permit limits 
- ather methods and information that will be needed to apply standards on a case-by-case basis. - 
c- - - 
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dewloped as national recommendations to assist States in devel- 
oping their standards and to assist in interpreting narrative stan- 
dards. €PA criteria or guidance consist of three components: 

MagnitudMow much of a pollutant (or pollutant param- 
eter such as toxicity), expressed as a concentration, is allow- 
able. 

Duration-The period of time (averaging period) over which 
the instream concentration is averaged for comparison with 
criteria concentrations. This specification limits the dura- 
tion of concentrations above the criteria. 

Frequency-How often criteria can be exceeded. 

A typical aquatic life water quality criteria statement contains a 
concentration, averaging period, and retum frequency, stated in 
the following format 

The procedures described in the Guidelines f o r  Deriving 
NatiOrXrl Water Quulity C r i t h  for the Protection of Aquatic 
Qganisms and Their Uses indicate that, except possibly 
where a locally important species is wry sensitbe, 
aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of 

does not exceed _u1 w/L mom than once ewry 
three years on the average and if the onehour average 

concentration does not exceed & pg/L more than once 
ewry three years on the average. 

In this example generic statement, the following terms are in- 
serted a t  

(1) - either "freshwatef or "saltwater 

L 
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(2) - the name of the pollutant 

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

- 
(4) - the acute effect-based criterion maximum con- 

centration (CMC). 

Defining water quality criteria with an appropriate duration and 
frequency of excursions helps to ensure that criteria appropriately 
are considered in dewloping wasteload allocations (WLAS), which 
are then translated into permit requirements. Duration and fre- - 
quency may be defined in the design stream flow appropriate to 
the criterion. However, in these cases, the State should provide 
an evaluation that the selected design stream flow approximates 
the recommended duration and frequency. r 

32 E 



222 Mbring&ms 
It is not always necessary to meet all water quality criteria within 
the discharge pipe to protect the integrity of the waterbody as a 
whole. Sometimes it is appropriate to allow for ambient concen- 
trations above the criteria in small areas near outfalls. These areas 
are called mixing zones. Since these areas of impact, if dispropor- 
tionately large, could potentially adversely impact the productiv- 
ity of the waterbody, and have unanticipated ecological conre- 
quences, they should be carefully evaluated and appropriately 
limited in size. As our understanding of pollutant impacts on 
ecological systems evolves, there may be cases identified where 
no mixing zone is appropriate. 

To ensure mixing zones do not impair the integrity of the 
waterbody, it should be determined that the mixing zone will not 
cause lethality to passing organisms and, considering likely path- 
ways of exposure, that there are no significant human health risks. 
One means to achieve these objectives is to limit the size of the 
area affected by the mixing zones. 

For application of two-number aquatic life criteria, there may be 
up to two types of mixing zones (Figure 2-1). In the zone 
immediately surrounding the outfall, neither the acute nor the 
chronic criterion is met. The acute criterion is met at the edge of 
this zone. InYhe 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,* well as human health criteria, indepen- 
dently established d x x y  zone specifications may apply to each 
of the three types of criteria. The acute mixing zone may be sized 
to prevent lethality t-g organisms, the chronic mixing zone 

-.  

- -  - 

' Chronic criteria met 

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

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

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

The CWA allows mixing zones at the discretion of the State [l]. 
EPA~ecommends that States have a definitive statement in 
their standards on whether or not mixing zones are allowed. 
Where mixing zones provisions are part of the State standards, 
the State should dexribe the procedures for defining mixing 
zones. 

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

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

If acute criteria (CMC derived from 48- to 96-hour expo- 
sure tests) are met throughout the mixing zone, no 
lethality should result from temporary passage through 
the mixing zone. If acute criteria are exceeded no more 
than a few minutes in a parcel of water leaving an outfall 
(as assumed in deriving the Section 4.3.3 options for an 
outfall velocity of 3 m/sec, and a sue of 50 times the 
discharge length scale), this likewise assures no lethality 
to passing organisms. 

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

Where mixing zone toxicity is evaluated using the probit 
approach described in the water quality criteria 
"Bluebook" [3], or wing models of toxicant accumula- 
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tion and action in organisms (described by Mandni [4] 
or Eridcron et al. [SI), the phenomenon of delayed mor- 
tality should be taken into account before judging the 
mixing zone concentrations to be safe. 

The above recommendations assume that the effluent is repul- 
sive, such that free-swimming organisms would avoid the mixing 
zones. While most toxic effluents are repulsive, caution is neces- 
sary in evaluating attractive mixing zones of known effluent toxic- 
ity, and denial of such mixing zones may well be appropriate. It 
also is important to ensure that concentration isopleths within any 
plume will not extend to restrict passage of swimming organisms 
into tributary streams. 

In all cases, the size of the mixing zone and the area within certain 
concentration isopleths should be evaluated for their effect on the 
overall biological integrity of the waterbody. If the total area 
affected by elevated concentrations wifflin all mixlng zones com- 
bined is small compared to the total area of a waterbody (such as 
a river segment), then mixing zones are likely to have little effect 
on the integrity of the waterbody as a whole, provided that they 
do not impinge on unique or critical habitats. EPA has dewloped 
a multistep procedure for evaluating the ovetall acceptability of 
mixing zones [6]. 

For protection of human health, the presence of mixing zones 
should not result in significant health risk, when evaluated using 
reasonable assumptions about exposure pathways. Thus, where 
drinking water conta&ants are a concern, mixing zones should 
not encroach on drinking water intakes. Where fish tissue resi- 
dues are a concer&ither because of measured or predicted 
residues), mixing z k s  should not be projected to resut in 
significant health risk to arerage consumers of fish and shellfish, 
after considering cylosucg duration d the affxted aquatic or- 
ganisms in the mixing mne, and the pattems of fisheries use in 
the area. 

While fish tissue contamination tends to be a far-fidd problem 
affecting entire waterbodies rather than a narrow-scale problem 
confined to mixing zones, restricting or diminating mixing zones 
for boaccumulative pollutants may be appropriate under condii 
tions such as the following: 

0 

0 

2.3 

Mixing zones should be restricted such that they do not 
encroach on areas often used for fish hawesting particularly 
of stationary species such as shdffish. 

Mixing zones might be denied where such denial is used as 
a device to compensate for uncertainties in the protectiw- 
ness of the water quality criteria or uncertainties in the 
assimilative capacity of the waterbody. 

. .  

WATER QUALITY CRITERIA FOR AQUATIC UFE 
PROTECTION 

23.1 -RucesfarMdwi;r 
The development of national numerical water quality criteria for 
the protection of aquatic organisms is a complex process that uses 

information from many areas of aquatic toxicology. (See Refer- 
ence 7 for a detailed discussion of this process.) After a decision is 
made that a national criterion is needed for a particular material, 
al l  available information concerning toxicity to, and 
bioaccumulation by, aquatic organisms is collected and reviewed 
for acceptability. If enough acceptable data for 48- to 96-hour 
toxicity tests on aquatic animals are available, they are used to 
deriw the acute criterion. If sufficient data on the ratio of acute to 
chronic toxicity concentrations are available, they are used to 
derive the chronic or long-term exposure criteria. If justified, one 
or both of the criteria may be related to another water quality 
characteristic, such as pH, temperature, or hardness. Separate 
criteria are developed for freshwaters and saltwaters. 

The water quality standards regulation allows States to develop 
numerical criteria or modify EPA's recommended criteria to ac- 
count for sitespecific or other scientifically defensible factors. In e 
cases where additional toxicological data are needed to modify or 
develop criteria, the discharger may be required to generate the 
data. Guidance on modifymg national criteria is found in the 
handbook [l]. When a criterion must be developed for a chemi- 
cal for which a national criterion has not been established, the 
regulatory authority should refer to the Guidelines for Deriving Cri- 
Cefia for A q m c  life und Humon Health (see 45 FR 79341, Novem- 
ber 28,1980, and 50 FR 30784, July 29, 1985). r 232 M a g n i l u d s f a r S I a g l s ~ ~ ~  
Water quality criteria for aquatic life contain two expressions of 
allowable magnitude: a CMC to protect against acute (short- 
term) effects and a CCC to protect against chronic (long-term) 
effects. EPA derives acute criteria from 48- to 96-hour tests of 
lethality or immobil'ition. 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 indude numerical criteria for a limited num- L 
ber of individual toxic chemicals. Therefore, evaluation and con- 
trol of toxic pollutants is based on maintenance of the designated 
use and often dies on the narrative criterion prohibiting toxic 
substances in toxic amounts. The adverse effects of concem will 
depend on the designated use and the chemical. Bioaccumulation 
of chemicals in aquatic organisms, toxicity to these organisms, 
the potential for additivity, antagonism, synergism, and persis- 
tence of the chemicals may be important. Available information 
on the toxic effects of the chemical is used when standards do not L 
include speufic numerical criteria. Such information can include 
EPA criteria documents, published literature reports, or studies 
conducted by the discharger. 

7 

- 

As mentioned in Section 2.1.2, water quality-based controls may 
-be based directly on the State's technical determination of what 
concentration of a specific pollutant meets the State's narrative 
"free from" toxics criterion. Although EPA water quality standards 
regulation requires that the State's process for implementing its - 
narrative criterion be described in the State standards, there is no ~ 

requirement that this concentration be adopted as a numerical 
criterion in State water quality standards prior to use in develop- 
ing water quality-based controls and therefore a case-bq-case 
interpretation of the narrative criterion may be necessary. 
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23.3 Magnitude for WRoIa Effueat Taxicity 
Criteria for toxicity in current State standards range from the 
narrative prohibition (e.g., no discharge of toxic chemicals in 
toxic amounts) to detailed requirements that specify the test 
species and the allowable toxicity level. At present, there are no 
national cntena developed under CWA Section 304(a) for whole 
effluent toxicity. Acute and chronic toxicity units (TUs) are a 
mechanism for qwntrfying instream toxicity using the whole 
effluent approach. The procedure to implement the narrative 
criteria using a whole effluent approach should speufy 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 toxiaty are as 
follows (again, two expressions of allowable magnitude are used): 
a CMC to protect against acute (short-term) effects and a CCC to 
protect against chronic (long-term) effects. For acute protec- 
tion, the CMC should be set at 0.3 acute toxic unit (llJ,3 to the 
most sensitive of at least three test species. 

The selection of test species for testing the effluent is not critical 
provided species from ecologically diverse taxa are used (e.g., a 
fish, an invertebrate, and a plant). The factor of 0.3 is used to 
adjust the typical LCso endpoint of an acute toxicity test (50 
percent modality) to an LC1 value (virtually no mortality). Spe- 
cifically, a factor of 0.3 was found to include 91 percent of 
observed LC1 to LCso ratios in 496 effluent toxicity tests as illus- 
trated in Figure 2-%Th7s figure presents effluent toxicity data 
from many years of-toxicity testing of both industrial and munici- 
pal effluents by thehvironmental Services Division, US. EPA 
Region N, Athens, e r g i a .  

1 
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Figure 2-2. LC1 to LCM Ratios for Effluent Toxicity Tests 

For chronic protection, the CCC should be set at 1.0 chronic 
toxic unit (TU,) to the most sensitive of a t  least three test 
species. The selection of test organisms is as described above. A 
1 .O TU, is applied at the edge of the mixing zone to prevent any 
chronic toxicity in the receiving water outside the mixing zone. 

2.3.4 Duraton rOr Single Chemimlsand Whoie Effluent Toxicity 
The quality of an ambient water typically varies in response to 
variations of effluent quality, stream flow, and other factors. Or- 
ganisms in the receiving water are not experiencing constant, 
steady exposure but rather are experiencing fluctuating exposures, 
including periods of high concentrations, which may have adverse 
effects. Thus, EPA's criteria indicate a time period over which 
exposure is to be averaged, as well as a maximum concentration, 
thereby limiting the duration of exposure to elevated concentra- 
tions. 

For acute criteria, EPA recommends an averaging period of 1 
hour. That is, to protect against acute effects, the 1 -hour average 
exposure should not exceed the CMC. The 1 -hour acute averag- 
ing period was derived primarily from data on response time for 
toxicity to ammonia, a fast-acting toxicant. The 1 -hour averaging 
period is expected to be fully protective for the fastest-acting 
toxicants, and even more protective for slower-acting toxicants. 
Scientifically justifiable altemative (site-specific) averaging periods 
can be derived from (1) data relating toxic response to exposure 
time, if coupled with considerations of delayed mortality (mortality 
occurring after exposure has ended), or (2) models of toxicant 
uptake and action, such as presented by Ericbon [SI and Mancini 
et al. [4]. 

In practice, 1 day periods are the shortest periods for which WIA 
modelers and enforcement personnel have adequate data. Attain- 
ment of the duration criterion can be ensured by paying particular 
attention to short-term effluent variability and requiring measures 
to control variability (e.g., installation of equalization basins) when 
needed. 

For chronic criteria, EPA recommends an averaging period of 4 
days. That is, the 4-day average exposure should not exceed the 
CCC. Different chronic averaging periods could be derived, de- 
pending on the nature of the pollutant and the toxic endpoint of 
concem (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 usuaily for at least 28 
days. The test concentrations do not fluctuate as much as typically 
occurs instream. As the period of averaging increases, so too does 
the period of time the exposure concentrations can be above the 
criterion concentration without exceeding the average. The sig- 
nificant consideration involved in setting duration criteria is how 
long the exposure concentration can be above the criterion con- 
centration without unacceptably affecting the endpoint of the test 
(e.g., survival, growth, or reproduction). EPA selected the 4-day 
averaging period based on the shortest duration in which chronic 
effects are sometimes observed for certain species and toxicants, 
and thus should be fully protective even for the fastest-acting 
toxicants. 
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23.5 Frsqusncr for Slngle Cbdcals and wlrols EMuent 
T&Cm 

To predict or ascertain the attainment of criteria it is necessary to 
specify the allowable frequency for exceeding the criteria. This is 
because it is statistically impossible to project that criteria will 
never be exceeded. As ecological communities are naturally 
subjected to a series of stresses, the allowable frequency of pollut- 
ant stress may be set at a value that does not significantly increase 
the frequency or SeVeTity of all stresses combined. 

€PA recommends a a c e  in %year average frequency for 
excursions of both Mute and chronk aitcria. These recom- 
mendations apply to both chemical-specific and whole effluent 
approaches. Howewr, the allowable frequency depends on s i t e  
specific factors. To implement alternative frequencies, site-spe- 
cific factors (see Appendix D) or other data or analyses should be 
taken into account. In all cases, the recommended frequency 
applies to actual ambient concentrations, and excludes the influ- 
ence of measurement imprecision. 

EPA established its recommended frequency as part of its Cuidelnes - 
f o r  Deriving at&, last issued in 1985 [8]. EPA selected the 3- 
year retum interval with the intent of providing a degree of 
protection roughly equivalent to a 7410 design flow condition, 
and with some consideration of rates of ecologtcal recovecy from 
a variety of severe stresses. Because of the nature of the ecological 
recovery studies available, the severity of criteria excursions could 
not be related rigor0mfY”to the resulting ecological impacts. 
Nevertheless, EPA deriyes its criteria intending that a single mar- 
ginal criteria excursiOa &e., a slight excursion over a l-hour 
period for acute or w= 4-day period for chronic) would result in 
little or no ecologicab effect and require little or no time for 
recowry. If the frequency of marginal criteria excursions is not 
high, it can be shoi4n th& the freqwncy of severe stresses, 
requiring measurable cecovery periods, would be extremely small. 
EPA thus expects the )-year retum interval to provide a very high 
degree of protection. 

Field studies indicate that many discharge situations are affected 
both by predictable and measurable dixharges of toxicants and 
by unpredictable spills of toxic substances. In most cases, the 
dischargers were unaware that spills were occurring. These spills 
are a second source of stress for the community and decrease 
recowry potential. An aggressive program to minimize, contain, 
and treat spills should be in place at any plant where the potential 
for spills exists. 

The concentration, duration, and frequency provisions of the 
criteria are implemented through the dewelopment of WLAS and 
water quality-based efftuent limits. As dxussed in Chapter 4, the 
duration and frequency recommendations are implemented di- 
rectly if a dynamic modeling approach is used to dewlop WLAS 
and pennit limits. However, if a steady-state approach is used, a 
design condition is needed for the calculations. 

For the protection of aquatic life, the duration and frequency 
recommendations provided above have been used to dewlop 
recommended design flows for steady-state modeling. Chapter 4 
dixusses these recommended design flows. 

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

conditions. The reason for this is that critical conditions for 
perennial point source discharges occur, in general, during the 
low-flow period. Currently, State laws and regulations generally 
state that water quality standards are applicable to the 7day, 10- 
year low-flow or higher flow conditions. 

It should be noted that EPA’s water quality criteria for aquatic life 
protection are applicable at all flow conditions, low as well as 
high. These criteria and their specified duration and frequency, if 
adopted into or used to interpret State water quality standards, 
may be used as the basis for total maximum daily load W D L )  
after considering seasonal flow and loading scenarios. The con- 
centration, duration, and frequency provisions of EPA’s water 
quality criteria can be modified to account for sitespecific condi- 
tions. As States have started using the new two-number water 
quality criteria for perennial as well as intermittent discharges 
such as combined sewer overflows, urban runoff, etc., their proper 
use in the context of the TMDVWLA process needs to be empha- 
S i z e d .  

2.4 WATER auAun CRl lWA FOR HUMAN HEALTH 
PRoTEcTlOw 

24.1 onsrricw 
There are a number of key elements of State water quality stan- 
dards and implementation procedures relevant to human health 
protection. States must determine ambient standards for the two 
primary human exposure routes, fish consumption and drinking 
water. States must then establish whether mixing zones will 
apply, and, if so, determine the design conditions. 

State standards or their implementation procedures often specify 
the risk level for carcinogens; methods for identdying compliance 
thresholds in permits where calculated limits are below detection; 
and methods for selecting appropriate hardness, pH, and tem- 
perature variables for criteria. Howewr, if State standards do not 
spec@ these items, then the permitting authority must develop 
water quality-based effluent limits based upon either an interpre- 
tation cif the State’s water quality standards or EPA’s criteria and 
procedures. 

The purpose of the following section is to provide a review of 
EPA‘s procedures used to develop assessments of human health 
effects in dewloping water quality criteria and reference ambient 
concentrations. A complete human health effects discussion is 
included in the (draft) Guidelines and Methodology Used in the 
Prepamtion of Health Effecfs Assessment olapters of the Consent 
Decree Wafer Doarmen& by EPA’s Environmental Criteria and As- 
sessment Office (ECAO). The procedures contained in the ECAO 
document are used in the development and updating of EPA 
water quality criteria and may be used in developing reference 
ambient concentrations (RAG) for those pollutants lacking EPA 
human health criteria. Although the same procedures are used to 
develop criteria and RAG, only those values that are subjected to 
the regulatory process of regional, State, and public comyent 
can be considered “criteria.” RAG may be applied as sitespecific 
inteqxetations of narrative standards and as a basis for permit 
limits under 40 CFR 122.44 (d)(l)(vi). 
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Procedures also are provided in this chapter to develop values 
called reference tissue concentrations (RTG) that can be used in 
assessing or monitoring fish tissues for unacceptable residues. 

2.4.2 Magnitude and Dudon 
Water quality criteria for human health contain only a single 
expression of allowable magnitude; a criterion concentration gen- 
erally to protect against long-term (chronic) human health effects. 
Currently, national policy and prevailing opinion in the expert 
community dictate that the duration for human health criteria for 
carcinogens be derived assuming lifetime exposure, taken to be a 
70-year time period. m e  duration of exposure assumed in deriv- 
ing criteria for noncarcinogens is more complicated due to a wide 
variety of endpoints: some developmental (and thus agespecific 
and perhaps sex-sdfic), some lifetime, and some, such as or- 
ganoleptic effects, not duration-related at all. Thus, appropriate 
durations depend on the individual noncarcinogenic pollutants 
and the endpoints or adverse effects being considered. 

24.3 t k u m ? n ~ C o n s i d e m t l o a s  
A complete human exposure evaluation for toxic pollutants of 
concem for bioaccumulation would. not only encompass esti- 
mates of exposyes due to fish consumption, but also exposure 
due to background concentrations and other exposure routes, 
including recreational and occupational contact, dietary intake 
from other than fish, inhalation of air, and drinking water. How- 
ever, the focus of thisXiument is on ingestion of contaminated 
fish tissue, a direct. human exposure route of potentially significant 
risk. (For the h u m a h l t h  sections in this document the term 
"fish" generally is u& to mean both fish and shellfish.) The 
consumption of conpminated fish tissue is of serious concem 
since the presence o w  gxtremely low ambient concentrations 
of bioaccu-mulative pollutants (sublethal to aquatic life) in surface 
waters, can result in residue concentrations in fish tissue that can 
pose a human health risk. Other exposure route information 
should be considered and incorporated in human exposure evalu- 
ations to the extent it is available. 

Levels of actual human exposures from consuming contaminated 
fish vary depending upon a number of casespecific consumption 
factors. These factors indude type of fish species consumed, type 
of fish tissue consumed, tissue lipid content, consumption rate 
and pattern, and food preparation practices. In addition, de- 
pending on the spatial variability in the fishery area, the behavior 
of the fish species, and the point of application of the RAC or 
criterion, the average exposure of fish may be only a small fraction 
of the expected exposure at  the point of application of the 
criterion. if an effluent attracts fish, the average exposure might 
be greater than the expected exposure. 

With shellfish, such as oysters, snails, and mussels, whole body 
tissue consumption commonly occurs, whereas with fish, muscle 
tissue and roe are most commonty eaten. This difference in the 
types of tissues consumed has implications for the amount of 
available bioaccumulative contaminants likely to be ingested. 
Whole body shellfish consumption presumably means ingestion 
of the entire burden of bioaccumulative contaminants. However, 
with most fish, sdeaiw cleaning and removal of internal organs, 
and sometimes body fat as well, from edible tissues, may result in 

removal of much of the lipid materiai in which bioaccumulative 
contaminants tend to concentrate. 

2.4.4 F M  Consumption Values 
EPA's human health criteria have assumed a human body weight 
of 70 kg and the consumption of 0.0065 kg of fish and shellfish 
per day. Based on data collected in 1973-1 974, the national per 
capita consumption of freshwater and estuarine fish was esti- 
mated to average 6.5 g/day. Per capita consumption of all 
seafood (including marine species) was estimated to average 14.3 
g/day. The 95th percentile for consumption of all seafood by 
individuals over a period of 1 month was estimated to be 42 
g/day [9]. The mean lipid content of fish tissue consumed in this 
study was estimated to be 3.0 percent [lo]. 

Currently, four levels of fish consumption are provided in the EPA 
guidance manual, Assessing Human Health Risk from Chemically 
Contaminated fish and Shellfish. These are: 

6.5 g/day to represent an estimate of average consump- 
tion of fish and shellfish from estuarine and freshwaters 
by the entire US. population [9]. This fish consumption 
level is based on the average of both consumers and 
nonconsumers of fish. 

. 

20 g/day to represent an estimate of the average con- 
sumption of fish and shellfish from marine, estuarine, 
and freshwaters by the US. population [l 11. This average 
fish consumption level also includes both consumers and 
nonconsumers of fish. 

165 g/day to represent consumption of fish and shellfish 
from marine, estuarine, and freshwaters by the 999th 
percentile of the U.S. population consuming the most fish 
or seafood [12]. 

180 g/day to represent a "reasonable worst case" based on 
the assumption that some individuals would consume fish 
at a rate equal to the combined consumption of red meat, 
poultry, fish, and shellfish in the United States (EPA Risk 
Arsessment Council assumption based on data from the 
US. Department of Agriculture Nationwide Food Con- 
sumption Survey of 1977-1 978). 

EPA currently is updating the national estuarine and freshwater 
fish and shellfish consumption default values and will provide a 
range of recommended national consumption values. This range 
will include mean values appropriate to the population at  large, 
and values appropriate for those individuals who consume a 
relatively large proportion of fish in their diets (maximally exposed 
individuals). 

Many States use the EPA's 6.5 g/day consumption value. How- 
ever, some States (e.g., Wisconsin, Louisiana, Illinois, and Arizona) 
use the above mentioned 20 g/day value. For salt waters Delaware 
uses another €PA value, 37 g/day [13]. In general, EPA recom- 
mends that the consumption values used in denving RAG from 
the formulas in this chapter reflect the most current relevant and/ 
or sitespecific information available. r 
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245 Bh"Itatim Covawaratianr Ibr Rdhncu Adient 
c w r c s n t a t l o n ~ l ~  

The ratio of the contaminant concentrations in fish tissue versus 
water is termed either the bioconcentration factor (BCF) or the 
bioaccumulation factor (BAF). Bioconcentration is defined as 
involving contaminant uptake from water only (not from food). 
Bioaccumulation is defined as involving contaminant uptake from 
both water and food. Under laboratory conditions, measure- 
ments of tissue/water partitioning generally. are considered to 
involve uptake from water only. On the other hand, both process 
are likely to apply in the field since the entire food chain is 
exposed. 

Table 2-1 shows the ratio of the BAF to the BCF as a function of 
the trophic level of the aquatic organism, and the log P (log 
octanol-water partition coefficient) of the chemical [14]. The 
BAF/BCF ratio ranges from 1 to 100, with the highest ratios 
applying to organisms in higher trophic levels, and to chemicals 
With log P dose to 6.5. For chemicals with log P values greater 
than about 7, there is some uncebinty regarding the degree of 
bioaccumulation, but generally, trophic level effects appear to 
decrease due to slow transport kinetics of these chemicals in fish, 
the growth rate of the fish, and the chemical's relatively low 
boavaitability. 

Care must be taken in assigning the trophic level since certain fish 
species may inhabit one source area of contaminated food for 
only a portion of their tife. Under such conditions of migration, 
fish would only receive a small portion of the chemical and never 
come into equilibrinm. In addition, trophic level for a given fish 
species will vary with life stage and structure of the food chain. 

In this document, -bioaccumulation considerations are integrated 
into the RAC equations iii Sections 2.4.7 and 2.4.8 by using food 
chain multipliers (FMs) with the BCF. The bioaccumulation and 
bioconcentration factors for a chemical are related as follows: 

-e 

BAF = FM x BCF 

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

In this process, bioaccumulation considerations are included by 
incorporating the FM term with the BCF in calculating the RTG 
and RAG. In Table 2-1, FM values derived from the work of 
Thomann [14, 151 are listed according to log P value and trophic 
level of the organism. Trophic level 4 organisms are typically 
the most desirable species for spo r t  fishing and therefore, 
FMs for trophic level 4 generally should be used in the equa- 
tions for calculating RTG and RAG. In those very rare situations 
where only lower trophic level organisms are found, e.g., possibly 
oyster beds, an FM for a lower trophic level may be used in 
calculating the RTG and RAG. 

Measured BAFs (especially for those chemicals with log P values 
abow 6.5) teported in the literature should be used when avail- 
able. To use experimentally measured BAFs in calculating the 
RAC or RTC, the (FM x BCF) term, is replaced by the BAF in the 
equations in Sections 2.4.7 and 2.4.8. Relatively few BAFs have 
been measured accurately and reported, and their application to 
sites other than the speufic ecosystem where they were devel- 

- Table 2-1. Estimated Food Chain Multipliers 

Troohic Levels 

LogP 2 3 4 

3.5 1 .o 1 .o 
3.6 1 .o 1 .o 
3.7 1 .o 1 .o 
3.8 1 .o 1 .o 
3.9 1 .o 1 .o 
4.0 1.1 1 .o 
4.1 ' 1.1 1 .l 
4.2 1 .l 1.1 
4.3 1.1 1.1 
4.4 1.2 1.1 
4.5 1.2 1.2 
4.6 1.2 1.3 
4.7 1.3 1.4 
4.8 1.4 1.5 

5.0 1.6 2.1 
5.1 1.7 2.5 
5.2 1.9 3.0 
5.3 2.2 3.7 
5.4 2.4 4.6 
5.5 2.8 5.9 
5.6 3.3 7.5 

5.8 4.6 13 
5.9 5.6 17 
6.0 6.8 21 
6.1 8.2 25 
6.2 10 29 
6.3 13 34 
6.4 15 39 
6.5 19 45 

- %.5 19.2. 45' 

4.9 1.5 1 .a 

5.7 3.9 9.8 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1.1 
1.1 
1.1 
1.1 
1.2 
1.3 
1.4 
1.6 
2.0 
2.6 
3.2 
4.3 
5.8 
8.0 

1 1  
16 
23 
33 
47 
67 
75 
84 
92 

1 00 
98 

100. 

These recommended FMs are conservative estimates; FMs for log P 
valucs greater than 6.5 may range from the values given to as low as 
0.1 fa- contaminants with vcry low bioavailability. 

oped is problematic and subject to uncertainty. The option also is 
available to develop BAFs experimentally, but this will be ex- 
tremely resource intensive if done on a site-specific basis with all T 
the necessary experimental and quality controls. 4 

2.46 m a g  &anan Healtn crfttria ami Genealing RACs 
.WnglRIS 

€PA recommends using the most current risk information 
when updating criteria and generating RAG. The Integrated 
Risk Information System (IRIS) is an electronic online data base of 
the US. EPA that provides chemical-specific risk information on 
the relationship between chemical exposure and estimated hu- 
man health effects [16]. Risk assessment information contained in 
the IRIS, except as specifically noted, has been reviewed and 
agreed upon by an interdisciplinary group of scientists r e p m t -  
ing various program offices within the Agency and represent an 
Agencywide consensus. Risk a s e s " t  information and values 
are updated monthly and are approved for Agencywide use. 
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The IRIS is intended to make risk assessment information readily 
available to those individuals who must perform risk assessmen& 
and also to increase consistency among risk assessmentlrisk man- 
agement decisions. The IRIS is available to Federal and some State 
and local environmental agencies through the EPA's electronic 
MAIL system and also is available to the public through the Public 
Health Network and TOXNET. Since IRIS is designed to be a 
publicly available data base, interested parties may submit studies 
or documents for consideration by the appropriate interdiscipli- 
nary review group for chemicals currently on the IRIS or scheduled 
for review. Information garding the submission of studies of 
chemicals may be obtained from the IRIS Information Submission 
Desk. In addition to chemical-speufic supmanes of hazard and 
dose-response assessments, the IRIS contains a series of sections 
identified by service codes that serve as a uset's guide as wdl as 
provide background documentation on methodology. Addi- 
tional information is available from IRIS Users Support 51 3/FTS 
684-7254. 

The IRIS contains two types of quantitative risks values: reference 
dose (RfD) and the carcinogenic potency estimate or slope factor. 
The WD (formerly known as the acceptable daily intake or ADI) is 
the human health hazard assessment for noncaranogenic (target 
organ!- The cardnogenic potency estimate (formerly known 
as ql ) represepts the upper bound cancer causing potential 
resulting from lifetime exposure to a substance. The RfD or the 
oral carcinogenic potency estimate are used in the derivation of 

- -. 

c 

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

EPA periodically updates risk assessment information including 
RfDs, cancer potency estimates, and related information on con- 
taminant effects, and reports the current information on IRIS. 
Since the IRIS contains the Agency's most recent quantitative risk 
assessment values, current IRIS values should be used in develop- 
ing new RAG. This means that the 1980 human health criteria 
should be updated with the latest IRIS values. The procedure 
for deriving an updated human health water quality criterion 
would require inserting the current RfD or carcinogenic potency 
estimate on the IRIS into the appropriate equation in Section 
2.4.7 or 2.4.8. 

Figure 2-3 shows the procedure for determining an updated 
criterion or RAC using IRIS data. If a chemical has both carcino- 
genic and noncarcinogenic effects, i.e., both a cancer potency 
estimate.and RfD, the carcinogen RAC formula in Section 
24.8 should be used as it will result in the more stringent RAC 
of the two. 

24.7 ca/cu~ng~tiwmMpacareiaagsffs 
The RfD is an estimate of the daily exposure to the human 
population that is likely to be without appreciable risk of causing 

Evaluate other 
sources of data: 

HEAST. 
Risk Auistant, 
drlnklng water 

MCLs, f l h  
A I I connumption 

IRIS data Calculate 
updated? 

Use current 
criterion 

advlrory levels. 
FDA action levels, 

Figure 2-3. Procedure for Revising an EPA Human Health Criterion or Developing a Reference Ambient Concentration 
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deleterious effects during a lifetime. The RfD is expressed in units 
of mg toxicant per kg human bod)' weight per day. 

RfDs are derived from the "no observed adverse effect level" 
(NOAEL) or the "lowest observed adverse effect level" (LOAEL) 
identified from chronic or subchronic human epidemiology stud- 
ies or animal exposure (mammal LDso) studies. [Note: LOAEL 
and NOAEL refer to animal and human toxicology and are there 
fore distinct from the aquatic toxicity terms "no obserwd effect 
concentration" (NOEC) and the "lowest observed effect concen- 
tration" (LOEC)]. Uncertainty factors are then applied to the 
N O M  or LOAEL to account for uncertainties in the data associ- 
ated with variability among individuals, extrapolation from non- 
human test species to humans, data on other than long-term 
exposures, and the use of an LOAU [lq. An additional uncertainty 
may be applied to account for significant weakness or gaps in the 
data base. 

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

For noncarcinogenic effeds, an updated criterion or an RAC can 
be derived using thejollowing equation: 

* - 
CorRAC(mg/l) = /RfD x Wn - (DT + IN) x WT 

-1M +[FCxLxFMxBCF] 
where 

c =  
RAC = 
RfD= 

w T =  
DT = 

IN = 

WI = 

FC = 
L =  

FM = 
BCF = 

updated watequality criterion (mgm 
reference ambient concentration (mg/l) 
reference dose (mg toxicantlkg human body weight/ 
day) 
weight of an average human adult (70 kg) 
dietary exposure (other than fish) 
(mg toxicantlkg body human weightlday) 
inhalation exposure 
(mg toxicantlkg body human weightlday) 
average human adult water intake 
(2 litedday) 
daily fish consumption (kg fish/day) 
ratio of lipid fraction of fish tissue consumed to 
3 percent 
food chain multiplier (from Table 3-1) 
bioconcentration factor (mg toxicantlkg fish divided 
by mg toxicant/l water) for fish with 3 percent lipid. 

. 

If the receiving waterbody is not used as a drinking water source, 
the factor WI can be deleted. Where dietary and/or inhalation 
exposure values are unknown, these factors may be deleted from 
the above calculation. For identified noncarcinogenic chemicals 
without known RfDs, extrapolation procedures can be used to 
estimate the RfD (see Appendix H). 

2.4.8 cal#rl;rtiagRACsfwcarCinoqens 
Any human health criterion for a carcinogen is based on a t  least 
three interrelated considerations: potency, exposure, and risk 
characterization. States may make their own judgments on each 
of these factors within reasonable scientific bounds, but docu- 
mentation to support their judgments must be clear and in the 
public record. 

Maximum protection of human health from the potential effects 
of exposure to carcinogens via contaminated fish would require 
an RAC af zero. The zero level is based upon the assumption of 
nonthreshold &ects @e., no safe level exists below which any 
increase in exposure does not result in an increase in the risk of 
cancer) for carcinogens. However, because safety does not re- 
quire the absence of all risk, a numerical estimate of risk (in pg/l) 
that corresponds to a given level of risk for a population of a 
specified size is selected instead. A cancer risk level is defined as 
the.number of new cancen that may result in a po ulation of 
specified size due to an increase in exposure (e.g., 10 nsk level = 
1 additional cancer in a population of 1,000,000). Cancer risk is 
calculated by multiplying the experimentally derived cancer po- 
tency estimate by the concentration of the chemical in the fish 
and the average daily human consumption of contaminated fish. 
The risk for a speafied population (e.g., 1 ,OOO,OOO people or 1 04) 
is then calculated by dividing the risk level by the specific cancer 
risk. EPA's ambient water quality criteria documents provide risk 
beis 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 extrapolated to lowdose concentrations and ad- 
justed to a lifetime exposure period through the use of a linearized 
multistage model. The model calculates the upper 95 percent 
confidence limit of the dope of a straight line that the model 
postulates to occur at low doses. When based on human (epide- 
miological) data, the slope factor is based on the observed in- 
crease in cancer risk, and is not extrapolated. For deriving RAG 
for carcinogens, the oral cancer potency estimates or slope factors 
from the IRIS are used. 

-8. 

It is important to note that cancer potency factors may overesti- 
mate actual risk. Such potency estimates are subject to great 
uncertainty due to two primary factors: (1) adequacy of the 
cancer data base (i.e., human versus animal data) and (2) limited 
information regarding the mechanism of cancer causation. The - 
actual risk may be much lower, perhaps as low as zero, particu- A 
lady for those chemicals for which human carcinogenicity infor- 
mation is lacking. Risk levels of 1 W5, 1 Oh, and 1 0 '  are often used 
by States as minimal risk levels in interpreting their standards. EPA 
considers 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 Oh may yield a higher overall 
risk level if multiple carcinogenic chemicals are present. 

For carcinogenic effects, the RAC can be determined by using the 
following equation: 

C or RAC (mg/l) = 

- 
11 

(RL x Wn 
q l  [WI + FC x L x (FM x BCF)] 

I 
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where 
c =  
RAC = 
RL = 
w T =  

WI = 
FC = 
L =  

FM = 
K F  = 

ql' = 

updated water quality criterion (mg/l) 
reference ambient concentration (mg/l) 
risk level (1 O-x) 
weight of an average human adult (70 kg) 
carcinogenic potency factor (kg day/mg) 
average human adult water intake (2 liters/day) 
daily fish consumption (kg fish/day) 
ratio of lipid fraction of fish tissue consumed to 
3 percent 
food chain multiplier (from Table 3-2) 
bioconcentration factor (mg toxicant/kg fish divided 
by mg toxicant/l water) for fish with 3 percent lipid. 

If the receiving waterbody is not used as a drinking water source, 
the factor WI can be deleted. For identified carcinogenic chemi- 
cals without known cancer potency estimate values, extrapolation 
procedures can be used to estimate the cancer potency. 

2.4.9 DarMng Ouantitative R&k Ase"b in the Akence 
of llpls Ualuds 

The RfDs or cancer potency estimates comprise the existing dose 
factors for developing RAG. When IRIS data are unavailable, 
quantitative risk level information may be developed according to 
a State's own procedures. Some States have established their 
own procedures whereby dose factors can be developed based 
upon extrapolation& Mute and/or chronic animal data to con- 
centrations of exposure protective of fish consumption by hu- 
mans. Where nopcedure exists, factors may be based upon 
extrapolation from mammalian or other data using IRIS docu- 
mentation or idomration available from other EPA risk data bases. 
Also, where no other information or procedure exists, drinking 
water maximum &ntaminant levels (MCts) or Food and Drug 
Administration (FDA) action levels may be used as guidance in 
developing numerical estimates. 

2410 D s r i r i n g R a f a m c e l l s s ~ ~ ~ C u n ~ m ~ ~ f o r ~ ~ n g  

Where fish tissue evaluations have been used for assessing human 
health risks, or, perhaps, used for additional routine monitoring 
where a chemical is below analytical detection limits, the follow- 
ing formulas may be used to calculate an RTC. Readers also 
should consult EPKs Assessing Human Health Risks from Chemically 
Confaminafed Fish and Shellfish [lq. 

The basic equations for deriving RTC (in mg/kg) use the same 
parameters as in equations 2.1 and 2.2, where BCF is normalized 
at 3.0 percent lipid: 

F M  TIssud 

For noncarcinogens: 
RTC (mg/kg) = (RFD x Wn - (DT + IN1 x WT 

[WI/(BCF x FM x L)] + FC 
For carcinogens: 

RTC(mg/kg) = RLxWT 
q l  [WI/(BCF x FM x L) + FC] 

The above equations should be corrected for site-speufic lipid 
content and bioaccumulation factors where data are available. 

Again, some States have established their own procedures whereby 
RTG can be developed based upon extrapolation of acute andlor 
chronic animal data to safe concentrations protective of fish 
consumption by humans. Where additional risk information is 
needed, an RTC could be based upon other information such as 
drinking water MCb or FDA action levels. 

2.5 BI0U)GICAL CRlTERlA 

As discussed in Chapter 1, to fully protect aquatic habitats and 
provide more comprehensive assessments of aquatic life use at- 
tainmenthonattainment, States are to fully integrate chemical- 
specific techniques, toxicity testing, biological surveys, and 
biocriteria into their water quality programs. In particular, the 
Agency3 policy is that States should develop and implement 
biological criteria in their water quality standards (see Chapter 1, 
Reference 55). 

25.1 Regulataty 8ases far Biouiterja 
The primary statutory basis for EPA's policy that States should 
develop biocriteria is found in Sections 101 (a) and 303(c)(Z)(B) of 
the Water Quality Act of 1987. Section 101 (a) of the CWA gives 
the general authority for biological criteria. It establishes as the 
objective of the Act the restoration and maintenance of the 
chemical, physical, and biological integrity of the Nation's waters. 
To meet this objective, water quality criteria should address bio- 
logical integrity. Section 101 (a) includes the interim water quality 
goal for the protection and propagation of fish, shellfish, and 
wildlife. 

Section 304 of the Act provides the legal hasis for the develop 
ment of informational criteria, induding biological criteria. Spe- 
cific directiws for the development of regulatory biocriteria can 
be found in Section 303, which requires €PA to develop criteria 
based on biological assessment methods when numencal criteria 
are not established. 

Once biocriteria formally are adopted into State standards, 
biocriteria and aquatic life use designations serve as direct, legal 
endpoints for determining a quality life use attainment1 
nonattainment. As stated in Section 131.1 1 (bX2) of the Water 
Quality Standards Regulation (40 CfR Part 131), biocriieria should 
be used as a supplement to existing chemical-specific criteria and 
as criteria where such chemical-specific criteria have not been 
established. States are encouraged to implement and integrate 
all three approaches (biosurvey, chemical-specific. and toxicity 
testing methods) into their water quality programs, applying 
them in combination or indepFndently (providing the most pro- 
tective of the three methods is used) as site-specific conditions 
and assessment objectives dictate. 

Section 304(a) directs EPA to develop and publish water quality 
criteria and information on methdds for measuring water quality 
and establishing water quality criteria for toxic pollutants on bases 
other than pollutant-by-pollutant, including biological monitor- 
ing and assessment methods that assess: I 

The effects of pollutants on aquatic community compo- 
nents (". . . plankton, fish, shellfish, wildlife, plant life . . .") 
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and community amibutes (". . . biological community 
diversity, productivity, and stability . . ."); in any body of 
water. 

Factors necessary . . . to restore and maintain the chemi- 
cal, physical, and biological integrity of all navigable waters 
:. ." for " . . . the protection of shellfish, fish, and wildlife for 
classes and categories of receiving waters. . . ." 

Biouiteria are numerical values or nana-tbe exp&ons that de- 
scribe the reference biological integrity of aquatic communities 
inhabiting unimpaired waters of a designated aquatic life use. 
The biological communities in these waters represent the best 
attainable conditions. The reference site conditions then become 
the basis for developing biocriteria for major surface water types 
(streams, rivers, lakes, wetlands, estuaries, or marine waters). 

Biological criteria support designated aquatic life use dasSifit3- 
tions for application in State standards. Each State devhps its 
own designated use dessification system based on the generic 
uses cited in the Act (e.g., protection and propagation of fish, 
shellfish, and wildlife). Designated uses are intentionally general. 
However, States may develop subcategories within use designa- 
tions to refine and clarify the use dass. Clarification of the use 
dass is particularly helpful when a variety of surface waters with 
distinct characteristics n t w i h n  the same use class, or do not fit 
well into any category. 

For example, subcategtories af aquatic life uses may be on the 
basii of attainable habitat (e.g., cold versus warmwatet communi- 
ties dominates by --versus catfish). Special uses also may be 
designated to p r o d  particularly unique, sensitive, or valuable 
aquatic species, communities, or habitars. 

Resident biota integrate multiple impacts over time and can 
detect impairment from known and unknown causes. Biocriteria 
can be used to venfy improvement in water quality in response to 
regulatory effom and detect continuing degradation of waters. 
They provide a framework for developing improwd best manage- 
ment practices for nonpoint source impacts. Numeric uiteria can 
provide effective monitoring criteria for inclusion in permits. 

* - 

The assessment of the biological integrity should indude mea- 
sures of the structure and function of an aquatic community of 
species within a specified habitat. Expert knowledge of the 
system is required for the sdeaion of appropriate biological 
components and measurement indices. The development and 
implementation of biological criteria requires: 

Selecting unimpaired (minimal impact) surface waters to 
use as the reference condition for each designated use 

Measuring the structure and function of aquatic communi- 
ties in reference surface waters to establish biological crite- 
ria 

Establishing a protocol to compare the biological criteria to 
biota in impacted waters to determine whether impairment 
has occurred. 

These elements serve as an interactive network that is particularly 
important during early development of biological criteria where 
rapid accumulation of information is effective for refining both 
designated uses and developing biological criteria values. 

26.1 C"tlbw&"& in Sed/& clitera 
White ambient water quality criteria are playing an important role 
in assuring a healthy aquatic environment, they alone have not 
been sufficient to ensure appropriate levels of environmental 
protection. Sediment contamination, which can involve deposi- 
tion of toxicants over long periods of time, is responsible for water 
quality impacts in some areas. 

C W A  

e 
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€PA has authority to pursue the development of sediment criteria 
in streams. lakes, and other waters of the United States under 

Sections 1& and 304(a)(l) and (2) as follows: 

Section 104(n)(1) authorizes the Administrator to establish 
national programs that study the effects of pollution, in- 
cluding sedimentation, in estuaries on aquatic life. 

Section 304(a)(1) directs the Administrator to develop and 
publish criteria for water quality, including information on 
the factors affecting rates of organic and inorganic sedi- 
mentation for varying types of receiving waters. 

Section 304(a)(2) directs the Administrator to dewlop and 
p u b i i  information on, among other things, "the factors 
necessary for the protection and propagation of shellfish, 
fish, and wildlife for classes and categories of receiving 
wat ers..." 

To the extent that sediment criteria could be developed that 
address the concerns of the Section 404(b)(l) guidelines for 
dixharges of dredged or fill material under the CWA or the 
Marine Protection Research, and Sanctuaries Act, they also could 
be incorporated into those regulations. 

26.2 Apptwch to SdW QItwia DevelopmMt 
Owr the past several years, sediment criteria development activi- 
ties have centered on waluating and developing the equilibrium 
partitioning approach for generating sediment criteria. The equi- 
librium partitioning approach focuses on predicting the chemical 
interaction between sediments and contaminants. Developing 
an undeatanding of the principal factors that influence the sedi, 
mentkontaminant interactions will allow for predictions to be 
made as to what concentration of a contaminant benthic and 
other organisms may be exposed to. Chronic water quality 
criteria, or possibly other toxicological endpoints can then be 
used to predict potential biological effects. In addition to the 
development of sediment criteria, EPA also is working to develop 
a standardized sediment toxicity test that could be used with or 
independently of sediment criteria and could be used to assess 
chronic effects in freshwater and marine water. 
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Equilibrium partitioning (EqP) sediment quality criteria (SQC) 
are the EPA's best recommendation of the concentration of a 
substance in sediment that will not unacceptably affect benthic 
organisms or their uses. 

Methodologies for deriving effects based SQC vary for different 
classes of compounds. For non-ionic organic chemicals the meth- 
odology requires normalization to organic carbon. A methodol- 
ogy for deriving effects based sediment criteria for metal con- 
taminants is under development and is expected to require nor- 
malization to acid volatile sulfide. EqP SQC values can be derived 
for varying degrees of uncertainty and levels of protection thus 
permitting use for ecosystem protection and remedial programs. 

2.6.3 Application ofsedimrnnt crldsria 
SQC would provide a basis for making more informed decisions 
on the environmental impacts of contaminated sediments. Exist- 
ing sediment assessment methodologies are limited in their ability 
to identtfy chemicals of concern, r&ponsible parties, degree of 
contamination, and zones of impact. EPA believes that a compre- 
hensive approach using SQC and biological test methods is pre- 
ferred in order to make the most informed decisions. 

Sediment crith? will be particularly valuable in site monitoring 
applications where sediment contaminant concentrations are 
gradually approaching a criteria over time. Sediment criteria also 
are valuable as a p F e t i v e  tool to ensure that point and 
nonpoint sources of contamination are controlled to ensure 
uncontaminated sediments remain uncontaminated. Also, com- 
parison of field meaS&ements to sediment criteria will be a reli- 
able method for providing early waming of a potential problem. 
An early waming --Id provide an opportunity to take corrective 
action before adverse impacts occur. For the reasons mentioned 
above it has been identified that SQC are essential to resolving key 
contaminated sediment and source control issues in the Great 
Lakes. 

Specific applications of sediment criteria are under development 
The primary use of EqP-based sediment criteria will be to assess 
risks associated with contaminants in sediments. The various 
offices and programs concerned with contaminated sediment 
have different regulatory mandates and thus, have different needs 
and areas for potential application of sediment criteria. Because 
each regulatory need is different, EqP-based sediment quality 
criteria designed specifically to meet the needs of one office or 
program may have to be implemented in different ways to meet 
the needs of another office or program. 

One mode of application of EqP-based numerical SQC would be 
in a tiered approach. In such an application, when contaminants 
in sediments exceed the SQC, the sediments would be considered 
as causing unacceptable impacts. Further testing may or may not 
be required depending on site-speufic conditions and the degree 
in which a criteria has been violated. (No additional testing 
would be required in locations where contamination significantly 
exceeds a criterion. Where sediment contaminant I d s  are close 
to a criteria, additional testing may be necessary.) Contaminants 
in a sediment at concentrations less than the sediment criteria 

would not be of concern. However, in some cases the sediment 
could not be considered safe because they may contain other 
contaminants above safe levels for which no sediment criteria 
exist In addition, the synergistic, antagonistic, or additive e f f m  
of several contaminants in the sediments may be of concern. 

Additional testing in other tiers of an evaluation approach, such as 
bioassays, could be required to determine if the sediment is safe. 
It is likely that such testing would incorporate site-specific consid- 
erations. Examples of specific applications of sediment criteria 
after they are developed are as follows: 

Establish permit limits to ensure that uncontaminated sedi- 
ments remain uncontaminated or sediments already con- 
taminated have an opportunity to cleanse themselves. Th is  
would occur only after criteria and the means to tie point 
sources to sediment deposition are developed. 

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

For remediation activities, SQC would be valuable in identi- 
fytng: 

- Remediation need 

- Spatial extent of remediation area 

- Benefits derived from remediation activities 

- Responsible parties 

- Impacts of depositing contaminated sediments in 
water environments 

- Success of remediation activities. 

In tiered testing sediment evaluation processes, sediment 
criteria and biological testing procedures work very well 
together. 

26.4 sedinwmfcritfflastahs 

sci~MY&lnyBcwrdRsriclr  
The Science Advisory Board has completed its review and issued a 
favorable report on the EqP for assessing sediment quality. The 
Subcommittee found the EqP "to have major strengths in its 
foundation in chemical theory, its ease of calculation, and its 
ability to make use of existing da ta... The conceptual basis of the 
approach is supported by the Subcommittee; however, its appli- 
cation at this time is limited." 

The Science Advisory Board also identified the need for "a better 
understanding of the uncertainty around the assumptions inher- 
ent in the approach, including assumptions of equilibrium, 
biowailability, and kinetics, all critical to the application of the 
EqP." An uncertainty analysis and a guidance document to assist 
in the regulatory application of developed criteria are unaer de- 
wlopment and expected to be completed in 1991. 
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EPA efforts at  producing sediment criteria documents are being 
directed first toward phenanthrene, fluoranthene, DDT, dieldrin, 
acenaphthene and endrin. Efforts also are being directed to 
produce a guidance document, Application of Sediment Quality 
Criteria for the Protection of Aquatic Life, scheduled for release in 
1991. 

Methuduiugy fur Develuping Sediment Criteria fur Metal 
latan- 
EPA is proceeding with a methodology for developing sediment 
criteria for metal contaminants, with key work focused on identi- 
fymg and understanding the role of acid volatile sulfides (AVS) in 
controlling the bioavailability of metal contaminants. A variety of 
field and laboratory verification studies are underway to add 
additional support to the methodology. Standard AVS sampling 
and analytical procedures are under development [18]. Presenta- 
tion of the metals methodology to the Science Advisory Board for 
review is scheduled for 1991. 
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3. EFFLUENT CHARACTERIZATION 

3.1 INTRODUCTION 

Once the applicable designated uses and water quality criteria for 
a waterbody are determined, the effluent must be characterized 
and the permitting authority must determine the need for permit 
limits to control the discharge. The purpose of effluent character- 
ization is to determine whether the discharge causes, has the 
reasonable potential to cause, or contributes to an excursion of 
numeric or narrative water quality criteria. Once the permitting 
authority determines that a discharge causes, has the reason- 
able potential to cause, or contributes to the excursion of 
water quality criteria, the permitting authority must develop 
permit limits that will control the discharge. At a minimum, the 
permitting authority must make this determination at each permit 
reissuance. The effluent Characterization procedures described in 
the following sections apply only to the water quality-based a p  
proach, not to end-of-the-pipe technology-based controls. 

Although many waterbodies receive discharges from only single 
point SOUK~S, permitting authorities will also occasionally encoun- 
ter receiving waters where several dischargers are in close proxim- 
ity. In such situations,the permitting authority may find that each 
discharger alone does not cause, have the reasonable potential to 
cause, or convibutem an excursion above water quality criteria. 
Yet, the dischargers may collectiwly cause, have the reasonable 
potential to cause, or contribute to an excursion. Under these 
circumstances, l imb must be developed for each discharger 
to protect against collective excursions of applicable water 
quality standards consistent with the Environmental Protec- 
tion Agency's (EPA) existing regulations in 40 CFR 
122.44(d)(l)(ii) for controlling multiple discharges. The terms 
"cause," "reasonable potential to cause," and "contribute to" are 
the terms used in the National Pollutant Discharge Elimination 
System (NPDES) regulations for conditions under which water 
quality-based limits are required. Permitting authorities are re- 
quired to consider each of these concepts when performing efflu- 
ent characterizations. 

This chapter is divided into two parts: Section 3.2, Determining 
the Need for Permit Limits Without Effluent Data, and Section 3.3, 
Determining the Need for Permit Limits With Effluent Data. Sec- 
tion 3.3 includes effluent characterization for whole effluent toxic- 
ity and for specific chemicals (including those for human health 
protection) and is based on the cumulative experience gained by 
EPA, States, publicly owned treatment works (POTWs), and indus- 
try when implementing the water quality-based approach to toxics 
control. The effluent bioconcentration evaluation procedures de 
scribed in the section on human health are currently draft and are 
subject to further validation before being used. Until the proce- 
dures are fully developed, reviewed, and finalized, permitting 
authorities should not use them to characterize effluents. 

3.1.1 MPDES ReguMon Requirements 
Effluent characterization is an essential step in determining the 
need for an NPDES permit limit. NPDES regulations under 40 
CFR 122.44(d)(l) specify the minimum requirements and gen- 
eral types of analyses necessary for establishing permit limits. 
Each of these regulations is described below. 

40 CFR lU44(d)(l)(ii) 

When determining whether a discharge causes, has the 
reasonable potential to cause, or contributes to an in- 
stream excursion above a narrative or numeric criteria 
within a State water quality standard, the permitting 
authority shall use procedures which account for exist- 
ing controls on point and nonpoint sources of pollu- 
tion, the variability of the pollutant or pollutant param- 
eter in the effluent, the sensitivity of the species to 
toxicity testing (when evaluating whole effluent toxicity), 
and where appropriate, the dilution of the effluent in 
the receiving water. 

This  regulation requires at a minimum the consideration of each 
of these elements in determining the need for a limit. 

40 CFR 12244(d)(l)(iii) 

When the permitting authority determines, using the 
prcrcedures in paragraph (d)(l)(ii) of this section, that a 
discharge causes, has the reasonable potential to cause, 
or contributes to an in-stream excursion above the 
allowable ambient concentration of a State numeric 
criteria within a State water quality standard for an 
individual pollutant, the permit must contain effluent 
limits for that pollutant. 
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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. 
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40 CFR 12244(d)(l)(iv) 

When the permitting authority determines, using the 
procedures in paragraph (d)(l)(ii) of this section, that a 
discharge causes, has the reasonable potential to cause, 
or contributes to an in-stream excursion above the 
numeric criterion for whole effluent toxicity, the permit 
must contain effluent limits for whole effluent toxicity. 

! 

Under this regulation, permitting authorities need to investigate 
for the existence of whole effluent toxicity in efluents 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 subparagraph, when the 
permitting authority determines, using the procedures 
in paragraph (d)(l)(ii) of this section, toxicity testing 
data, or other information, that a discharge causes, has 
the reasonable potential to cause, or contributes to an 
in-stream excursion above a narrative criterion within 
an applicable State water quaiity standard, the permit 
must contain effluent limits for whole effluent toxicity. 
Limits on whole effluent toxicity are not necessary where 
the permitting authority demonstrates in the fact sheet 
or statement of basis of the NPDES permit, using the 
procedures in paragraph (d)(l)(ii) of th i s  section, that 
chemical-specific limits for the effluent are sufficient to 
attain and maintain applicable numeric and narrative 
State water quality standards. 

- 

Under this regulation, permitting authorities need to investigate 
for the existence of whole effluent toxicity in effluents. If the 
permitting authority can demonstrate that control of speufic 
chemicals is sufficient to control toxicity to the point of achieving 
compliance with the water quality criteria, then chemical-specific 
permit limits alone will be sufficient to comply with the regula- 
tion. 

40 CFR lU44(d ) ( l ) ( v i i  - - -- 
Where a State has not established a water quality crite- 
rion for a spet3kxhemical pollutant that is present in 
an effluent at a-concentration that causes, has the 
reasonable potential to cause, or contributes to an ex- 
cursion above a narrative criterion within an applicable 
State water quaiity statidad, the permitting authority 
must establish effluent limits using one or more of the 
following [three] options: .... 

Under this regulation, permitting authorities need to investigate 
for the existence of specific chemicals in effluents for which the 
State has not adopted numeric criteria, but which may be con- 
tributing to aquatic toxicity or impairment of human health. 
Narrative criteria apply when numeric criteria do not protect all 
the designated or existing uses. For example, the narrative 
criteria need to be used to protect human health if a State has 
only adopted a numeric criteria for protecting aquatic life. Con- 
versely, the narrative criteria need to be used to protect aquatic 
life if a State has only adopted a numeric criteria for protecting 
human health. Once the permitting authority determines that 
one or more specific chemicals in an effluent must be controlled, 
the authorities can use EPA’s national criteria, develop their own 
criteria, or control the pollutant through use of an indicator 
pollutant, as provided in subparagraph (d)(l)(vi). In any case, 
the permitting authority will need to characterize the effluent in a 
manner consistent with the selected approach for controlling the 
pollutant. 

3.1.2 Backgmundfar T o x i c E f f s c i s ~ m A q w t i c  

Aquatic toxicity effects can be characterized by conducting a 
general assessment of the effluent, or by measuring effluent 

LnbandhmutHcalfh 

toxicity or concentrations of individual chemicals and comparing 
these measurements to the expected exposure concentrations in 
the receiving water. The “receiving water concentration” (RWC) 
is the measured or projected exposure concentration of a toxicant 
or the parameter toxicity (when dealing with the whole effluent 
toxicity) in the receiving water after mixing. The RWC is calcu- 
lated at the edge of a mixing zone if such a zone is allowed by a 
State’s water quality standards. 

As with aquatic life protection, there are two possible approaches 
to characterizing effluents for human health effects: chemical-by- 
chemical and whole effluent. However, only the chemical-by- 
chemical approach currently is practical for assessing and control- 
ling human health impacts. Appendix C discusses developing 
procedures for assessing human health impacts from whole efflu- 
ents. 

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

RWC c CCC (chronic aquatic life) 
RWC c CMC (acute aquatic life) 
RWC c RAC (human health) 

The water quality analyst will use the same basic components in 
the abovedescribed relationship (Le., critical receiving water flows, 
ambient criteria values, measures of effluent quality) for both 
effluent characterization and wasteioad allocation (WLA) develop- 
ment, albeit from different perspectives. In the case of effluent 
characterization, the objective is to project receiving water con- 
centrations based upon existing effluent quality to determine 
whether or not an excursion above ambient criteria OCCUK, or has 
the reasonable potential to occur. In developing WLAS, on the 
other hand, the objective is to fix the RWC at  the desired criteria 
level and determine an allowable effluent loading that will not 
cause excursions above the criteria. 

Recommendations for projecting the RWC are described within 
this chapter. Chapter 4, Exposure Assessment and Wasteload 
Allocation, provides recommendations for determining allowable 
effluent loadings to achieve established ambient criteria and for 
calculating WLAS for establishing permit limits. The procedures 
described within Chapter 4 can also be used to calculate the 
dilution for analyses within Chapter 3. Chapter 5, Permit Require- 
ments, describes the actual calculation of permit limits after efflu- 
ent characterization and loadings, as well as WLAS, are complete. 
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3.1.3 
There are two possible ways to characterize an effluent to deter- 
mine the need for effluent limits for the protection of aquatic life 
and human health. First, an assessment may be made without 
generating effluent data; second, an assessment may be con- 
ducted after effluent data have been generated. Regulatory au- 
thorities must determine whether a discharge causes, has the 
"reasonable potential" to cause, or contributes to an excursion 
above an applicable narrative or numeric water quality criterion. 
An analysis of "reasonable potential" determines an effluent's 
capability to cause such excursions. 

6 u " I  C " t i o n s  in Efflumt Chactsr idon 

In determining the need for a permit limit for whole effluent 
toxicity or for an individual toxicant, the regulatory authority is 
required to consider, at a minimum, existing controls on point and 
nonpoint sources of pollution, the variability of the pollutant or 
pollutant parameter in the effluent, the sensitivity of the involved 
species to toxicity testing (for whole effluent), and, where appro- 
priate, the dilution of the effluent in the receiving water (40 CFR 
122.44(d)(ii)). 

The regulatory authority is also required by NPDES regulations to 
consider whether technology-based limits are sufficient to main- 
tain State water quality standards. There are two possibilities that 
will need to be assessed. First, if the limits based on appropriate 
treatment technology haw already been specified in a previous 
permit, and if the facility is operating at the required level, then 
historical effluent md- receiving water information can be used. 
Second, if the facility has yet to achieve the required technology 
performance (best - wailable technology or best conventional tech- 

nology), the regulatory authority will need to assess the technol- 
ogy-based limit for reasonable potential for causing or contribut- 
ing to an excursion above the water quality standard. 

In addition, the regulatory authority should consider all other 
available data and information pertaining to the discharger to 
assist in making an informed judgment. Where both effluent 
testing data and important other factors exist, the regulatory 
authority will need to exercise discretion in the determination of 
the need for a limit The authority should employ the prin- 
aple of "independent application" of the data and informa- 
tion that characterizes the effluent. In other words, effluent 
data alone, showing toxicity a t  the RWC, may be adequate to 
demonstrate the need for a limit for toxicity or for individual 
toxicants. Likewise, other factors may form an adequate basis for 
determining that limits are necessary. For example, where avail- 
able dilution is low and monitoring information shows that toxic 
pollutants are frequently discharged at concentrations that have 
caused.toxiclty when discharged from similar facilities, the per- 
mitting authority may reason that a whole effluent toxicity limit is 
necessary even without whole effluent toxicity data from the 
specific facility. In all cafes, the decision must be based upon 
consideration of factors cited in 40 CFR 122.44(d)(l)(ii). The 
regulatory authority will need to prioritize, on a case-by-case 
basis, the importance of all data and information used in making 
a determination. To assist in case-by-case determinations, rec- 
ommended guidelines for characterizing an effluent for the need 
for a permit limit for whole effluent toxicity or individual toxi- 
cants are discussed below and summarized in Boxes 3-1 through 
3-3. 

Box3-l. Determining "Reasonable Potential" for Excursions Above Ambient Criteria Using 
Factors Other than Facility-specific Effluent Monitoring Data 

When determining the "reasonable potential" of a discharge to cause an excursion above a State water quality 
standard, the regulatory authority must consider all the factors listed in 40 CFR 122.44(d)(l)(ii). Examples of the 
types of information relating to these factors are listed below. 

Existina controls on Doint and nonwint sources of wllution 

Industry type: Primary, secondary, raw materials used, products produced, best management practices, 

Publicly owned treatment work type: Pretreatment, industrial loadings, number of taps, unit processes, 

control equipment, treatment efficiency, etc. 

treatment efficiencies, chlorination/ammonia problems, etc. 

Variabilitv of the wllutant or pollutant Darameter in the effluent 

Compliance history 

Existing chemical data from discharge monitoring reports and applications. 

Sensitiwtv of the soecies to toxicitv testing 

Adopted State water quality criteria, or EPA criteria 

Any available in-stream survey data applied under independent application of water quality standards 

Receiving water type and designatedJexisting uses 

Dilution of the effluent in the meivina water 

Dilution calculations 
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Box 3-2. - Determining "Reasonable Potential" for Excursions Above 
Ambient Criteria Using Effluent Data Only 

EPA recommends finding that a permittee has "reasonable potential" to exceed a receiving water quality 
standard if it cannot be demonstrated with a high confidence level that the upper bound of the lognormal 
distribution of effluent concentrations is below the receiving water criteda at specified low-flow conditions. 

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

Determine the coefficient of variation for the data set. For a data set where %lo, the coefficient of 
variation (CV) is estimated to equal 0.6, or the CV is calculated from data obtained from a discharger. 
For a data set where n>o, the CV is calculated as standard deviation/mean (see Figure 3-1 ). For less than 
10 items of data, the uncertainty in the CV is too large to calculate a standard deviation or mean with 
sufficient confidence. 

Step 2 

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

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

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

- - -. Example 

Consider the following results of toxicity measurements of an effluent that is being characterized: 5 TU,, 2 TU,, 9 TU,, 
and 6 TU,.%ume that the effluent is diluted to 20 percent at the edge of 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 TheFare 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 the ratio 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 xmax) after dilution is calcu- 
lated as: 

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

Step 5 0.85 TU, is less than the ambient criteria concentration of 1 .O TU,. There is no reasonable 
potential for this effluent to cause an excursion above the CCC. 

DETERMINING THE NEED FOR PERMIT LIMITS 
W~THOU ~ E ) I T  M O N ~ R ~ N G  DATA FOR A 
SPECIFIC FACIUTY 

without facility-specific effluent monitoring data, or prior to the 
generation of effluent data. Water quality-based permit limits can - 
be set for a single toxicant or for whole effluent toxicity based on It 
the available dilution and the water quality criterion or the State 
standard in the absence of facility specific effluent monitoring 
data. However, in doing so, the regulatory authority must-tisfy 
all the requirements of 40 c,q 122.44(d)(1 )(ii). 

. . 

If the regulatory authority so chooses, or if the Circumstances 
dictate, the authority may decide to develop and impose a 
permit limit for whole effluent toxicity or for individual toxicants 
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Box 3-3. Recommend Multiple-source Toxicity Testing Procedures 

Tests 

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

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

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

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

2) Run a parallel set of toxicity tests on the effluent using dilution water taken directly upstream from the point of 
discharge or, for estuarine waters, from an area outside of the immediate discharge impact zone (this will have 
to be determined by a dye study). This dilution water may be contaminated with upstream effluents or other 
toxicant sources. The purpose of this test is to project toxic impact of the effiuent after it is mixed at its point 
of discharge. This is a relative effluent toxicity measurement. The relative testing procedure could result in a 
change in the standard concentration-effect curve generated by the testing. The dilution water for the relative 
toxicity test may cause significant mortality, growth, or reproductive effects at the lower effluent concentra- 
t ioq  (including the 100 percent diluent control concentration) if the diluent from the receiving water is toxic 
(from an upstream discharge). Such mortality does not invalidate the test. Instead, analysis of toxicity trends 
resulting fcom the relative toxicity tests can be used to assess the effluent’s toxicity in relation to other sources 
adambient receiving water conditions. However, a control dilution water with no toxicity must be used for 
quality assurance and determination of absolute toxicity of the effluent. 

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

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

Frequency for Ambient Testing 

All testing should be conducted simultaneously by each discharger, if possible. At a minimum, the tests should 
be conducted concurrently starting within a short time period (1 to 2 days). Repeated ambient toxicity analyses 
will be desirable when variable effluents are involved. Effluent toxicity data showing variability can be used to 
assess what frequency will be most applicable. The level of repetition for variability analysis should be similar to 
that used in effluent variability analyses. 

Other Considerations 

Dye studies of effluent- dispersion for rivers, lakes, reservoirs, and estuaries are strongly recommended. This 
allows analysis of effluent concentration at the selected sampling stations above and below the discharge points. 

The procedures suggested in this multiple source section are based on actual multiple source site investigations 
conducted under the Complex Effluent Toxicity Testing Program. Site reports from that study can be used to 
obtain further description of the toxicity testing procedures used to analyze multiple source toxic impact [l  , 21. 
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Figure 3-la. Frequency Distribution of Values for a 
Lognormal Distribution with a Mean of 1.0 and a 

coefficient of Variation of 0.6 

2 a a .I 
O I !  

0 50 100  
Number of Samples 

Figure 3- lc  Relationship Between the Largest Value of n 
Samples and the Percentile It Exceeds 

with 99 Percent Confidence 
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Figure 3-1 b. Comparison of Relative Frequencies of 
Lognormal Distributions with a Mean of 1.0 for 

Different Coefficients of Variation 

When determining whether or not a discharge causes, has the 
reasonable potential to cause, or contributes to an excursion of a 
numeric or narrative water quality criterion for individual toxi- 
cants or for toxicity, the regulatory authority can use a variety of 
factors and information where facility-speufic effluent monitor- 
ing data are unavailable. These factors also should be considered 
with available effluent monitoring data (see Section 3.2.4). 
Some of these factors are the following: 

Dilution-Toxic impact is directly related to available dilu- 
tion for the effluent Dilution is dated to the receiving 
stream flow and the size of the discharge. The lower the 
available dilution, the higher the potential for toxic effect. 

c 

$ 0  . 2 0  40 60 80 100 

Number of Samples 

Figure 3-ld. Example of 90 Percent Confidence 
Intervals Around Coefficient of Variation Estimates for 

Numbers of Samples 

If an effluent's concentration at the edge of a mixing zone in 
a receiving water is expected to reach 1 percent or higher 
during critical or worst-case design periods, then such an 
effluent may require a toxicity limit (see discussion in Section 
3.3.3). Assessment of the amount of stream dilution avail- 
able should be made at  the conditions required by the water 
quality standards or, if not specified in the standards, at  the 
harmonic mean flow and the 741 0 flow. Figure 3-3 shows 
that, whereas a majority of NPDES permittees nationwide 
discharge to areas during annual mean flow ranging in 

. dilution from 100 to 1 ,OOO, the majority of dischargers fall 
into the 1 to 10 dilution range during low-flow conditions. 
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STEP 1 

STEP 2 

Dllution 
determinatton' 

on dllutlon determination (3 species 
at a minimum of quarterly for 1 year) 

Acute toxicity data or 
estimate based on ACR 

Chronic toxicity data or 
estimate based on ACR 

STEP 3 1 .- 

ccc been CMC been 
limits 

Develop permit 

exist? exist? 
potentials 

1 No No I 
Require 

monitoring at 
reissuance 

Notes: 
'Dilution determinations should be performed for critical flows and any applicable mixing zones. 
*Toxicity testing recommendations 

a. Dilution > 10o0:l: acute testing, check CMC only. 
b. 1OO:l e Dilution < 1oOO:l: acute or chronic testing, check CMC and CCC with data or ACR. 
c. Dilution c 1OO:l: conduct chronic testing, check CCC with data and CMC using acute data or ACR. 

3Reasonabie potential: Use procedures in Box 3-3. 

Figure 3-2. Effluent Characterization for Whole Effluent Toxicity 

Type of industry-dlthough dischargers should be indi- 
vidually characterized because toxicity problems are site- 
specific, the primary industrial categories should be of princi- 
pal toxicity concem. EPA's treatment technology data base 
generally suggests that secondary industrial categories may 
have less potential for toxicity than primary industries. How- 
ever, based on experience, it is virtually impossible to gener- 
alize the toxicity of effluents with any certainty. If two plants 
produce the same type of product, one effluent may be toxic 
while the other may not be toxic due to the type and 
efficiency of the treatment applied, general materials han- 
dling practices, and the functional target of the compound(s) 
being produced. 

Type of POW-POWs with loadings from indirect 
dischargers (particularly primary industries) may be 
candidates for toxicity limits. However, absence of 
industrial input does not guarantee an absence of 
P O W  discharge toxicity problems. For example, 
commercial pesticide applicators cften discharge to 
POTWs, resulting in pesticide concentrations in the 
POTW's effluent. Household disposal of pesticides, 
detergents, or other toxics may have a similar effect. 
The types of industrial users, their product lines, their 
raw materials, their potential and actual discharges, 
and their control equipment should be evaluated. 
POTWs should also be characterized for the possibility 
of chlorine and ammonia problems. 
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Dilution (Jneadeffluenl) 

(a) At Low flow (7alO) 

-1 
I I  

Diluwn(atream/Mw) 

(b) At Annual Moan flow 

Figure 3-3. National Distribution of NPDES Dilution 
Conditions at 7410 and at Annual Mean F l o w  

Existing data on toxic pollutants-Discharge monitoring 
reports (DMRs) and data from .NPDES permit application 
forms 2C and 2A may provide some indication of the 
presence of toxicants. The presence or absence of the 126 
"priority pollutants" may or may not be an indication of 
the presence or absence of toxicity. There are thousands of 
"nonpriority" toxicants that may cause effluent toxicity. 
Also, combinations of several toxicants can produce ambi- 
ent toxicity where the individual toxicants would not EPA 
regulations at 40 CfR 122.21 (i) require POWs with design 
flows equal to or greater than 1 MCD and POlWs with 
approved pretreatment programs, or POTWs required to 
develop a pretreatment program, to submit the results of 

whole effluent toxicity tests with their permit applications. 
These regulations also provide discretion to the permitting 
authority to request sub- data from other POWs at the 
time of permit application. 

History of compliance problems and toxic impact- 

that have had difficulty complying with limits on toxicants 'I Regulatory authorities may consider particular dischargers 

or that have a history of known toxicity impacts as probable 
priority candidates for effluent toxicity limits. 

Type of receiving water and designated use-Regulatory 
authorities may compile data on water quality. Examples of 
available data include fish advisories or bans, reports of fish 
kills, State lists of priority waterbodies, and State lists of 
waters that are not meeting water quality standards. Regula- 
tory authorities should use this information as a means of 
identifying point sources that discharge to impaired 
waterbodies and that thus may be contributing to this im- 
pairment One source of this information is the lists of 
waters generated by states to comply with Section 304(1) 
regulations at 40 CFR 1 30.1 O(d)(6); 50 f R  23897-98, June 2, 

L 

Waters where fishing or shellfish bans and/or 
advisories are currently in effect or are antici- 
pated; 

Waters where there have been repeated fish 
kills or where abnormalities (cancers, lesions, 
tumors, etc.) have been observed in fish or 
other aquatic life during the last ten years; 

Waters where there are restrictions on water 
sports or recreational contact; 

Waters identified by the state in its most re- 
cent state section 305(b) report as either "par- 
tially achieving" or "not achieving" designated 
USS; 

Waters identified by the states under section 
303(d) of the Clean Water Act as waters need- 
ing water quality-based controls; 

Waters identified by the state as priority water 
bodies; 

Waters where ambient data indicate potential 
or actual excursions of water quality criteria 
due to toxic pollutants from an industry classi- 
fied as a primary industry in Appendix A of 40 
CFR Part 122; 

Waters for which effluent toxicity test results 
indicate possible or actual excursions of state 
water quality standards, including narrative 
"free from" water quality criteria or EPA water 
quality criteria where state criteria are not 
available; 

, 

-- 
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Waters with primary industrial major dis- 
chargers where dilution analyses indicate 
exceedances of state narrative or numeric wa- 
ter quality criteria (or EPA water quality criteria 
where state standards are not available) for 
toxic pollutants, ammonia, or chlorine; 

Waters with POW dischargers requiring local 
pretreatment programs where dilution analy- 
ses indicate exceedances of state water qual- 
ity criteria (or EPA water quality criteria where 
state water quality criteria are not available) 
for toxic pollutants, ammonia, or chlorine; 

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

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

1 3)' Waters where ambient toxicity or adverse wat 
ter quality conditions have been reported by 
l&l, &e, EPA or other Federal Agencies, the 
private sector, public interest groups, or uni- 
veisities; 

14) Wags identified by the state as impaired in 
i@ m o s t e n t  Clean Lake Assessments con- 
ducted under 314 of the Clean Water Act; 
and 

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

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

The presence of a combination of these factors, such as low 
available dilution, highquality 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 data, will need to provide adequate 
justification for the limit in its permit development rationale or in 
its permit fact sheet. A clear and logical rationale for the need for 
the limit covering all of the regulatory points will be necessary to 
defend the limit should it be challenged. In justification of a limit, 
EPA recommends that the more information the authority can 
acquire to support the limit, the better a position the author- 
ity will be in to defend the limit if necessary. In such a case, the 

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

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

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

3.3 DETERMINING THE NEED FOR PERMIT UMlTS 
Wrm EFFLUENT MONITORING DATA 

3.3.1 Gmml Considerafions 
When characterizing an effluent for the need for a whole effluent 
toxicity limit, and/or an individual toxicant limit, the regulatory 
authority should use any available effluent monitoring data, to- 
getherwith 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 to require the permittee to generate 
effluent monitoring data prior to permit issuance or as a condition 
of the issued permit. €PA regulations at 40 CFR 122.21 (j) require 
POlWs with design flows equal to or greater than 1 MCD and 
POlWs with approved pretreatment programs, or POlWs re- 
quired to develop a pretreatment program, to submit the results 
of whole effluent toxicity tests with their permit applications. 
These regulations also provide discretion to the permitting au- 
thority to request such data from additional POTWs at  the time 
of penirit application. 

In the instance where the permittee is required to generate data 
in advance, data collection should begin 12 to 18 months in 
advance of permit development to allow adequate time for 
conducting toxicity tests and chemical analyses. The type of 
data, including toxicity testing data, should be specified by the 
regulatory authority at  the outset so that decisions on permit 
actions will not be delayed. EPA recommends monitoring data 
be generated on effluent toxicity prior to permit limit devel- 
opment for the following reasons: (1) the presence or absence 
of effluent toxicity can be more clearly established or refuted 
and (2) where toxicity is shown, effluent variability can be 
more clearly defined. Several basic factors that should be con- 
sidered in generating effluent monitoring data are discussed 
below. 

I 
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3.3.2 m a g  !&cwWMy &I Eflhrcaat 

All toxic effects testing and exposure assessment parameters, for 
both effluent toxicity and individual chemicals, have some de- 
gree of uncertainty associated with them. The more limited the 
amount of test data available, the larger the uncertainty. The 
least amount of uncertainty of an effluent's impact on the receiv- 
ing waterexists where (1) a complete data base is available on 
the effects of acute and chronic toxicity on many indigenous 
species, (2) there is a dear understanding of ecosystem species 
composition and functional processes, and (3) actual measured 
exposure concentrations are available for all chemicals during 
seasonal changes and dilution situations. The uncertainty associ- 
ated with such an ideal situation would be minimal. However, 
generation of these data can be very resource intensive. 

~Gs#wstlngEiffprsatMOnMngiData 

An example of uncertainty that results from limited monitoring 
data is if a regulatory authority has only one piece of effluent data 
(e.g., an LCso of 50 percent) for a facility. Effluent variability in. 
such a case, given the range of effluent toxicity variability seen in 
other effluents, may range between 20 percent and 100 percent 
(see Appendix A). It is impossible to determine from one piece of 
monitoring data where in this range the effluent variability really 
falls. More monitoring data would need to be generated to 
determine the actual variability of th is effluent and reduce this 
source of uncertainty. 

To better characterize the effects of effluent variability and reduce 
uncertainty in the process 6f deciding whether to require an 
effluent limit, EPA has developed the statistical approach de- 
scribed below. This iy;rproach combines knowledge of effluent 
variability as estimated-by a coefficient of variation with the 
uncertainty due to a limited number of data to project an esti- 
mated maximum c o n c m t i o n  for the effluent. The estimated 
maximum concentratidn is carculated as the upper bound of the 
expected lognormal distribution of effluent concentrations at a 
high confidence level. The projected effluent con'centration after 
consideration of dilution can then be compared to an appropri- 
ate water quality criterion to determine the potential for exceed- 
ing that criterion and the need for an effluent limit. 

- 

The statistical approach has two parts. The first is a characteriza- 
tion of the highest measured effluent concentration based on the 
desired confidence level. The relationship that describes this is 
the following: 

pn = (1 - confidence 

where pn is the percentile represented by the highest concentra- 
tion in the data and n is the number of samples. The following 
are some examples of th i s  relationship at a 99 percent confidence 
level: 

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

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

The largest value of 20 samples is greater than the 79 
percentile 

The largest value of 100 samples is greater than the 96 
percentile. 

The second part of the statistical approach is a relationship be- 
tween the percentile desuibed above and the selected upper 
bound of the lognormal effluent distribution. EPA's effluent data 
base suggests that the lognormal distribution well characterizes 
effluent concentrations (see Appendix E). For example, if five 
samples were collected (which represents a 40th percentile), the 
coefficient of variation is 0.6, and the desired upper bound of the 
effluent distribution is the 99th percentile, then the two percen- 
tiles can be related using the coefficient of variation (0 as shown 
below: 

C99 exp(2.3260 - O S & )  

Cm exp(4.2580 - O S & )  
= 4.2 - -  - 

where (T = In (CV2+1) and 2.326 and -0.258 are the normal distri- 
bution values for the 99th and 40th percentiles, respemvely. The 
use of the 99th percentile is for illustrative purposes here. Al- 
though it does represent a measure of thf upper bound of an 
effluent distribution, other percentiles could be selected by a 
regulatory agency. The relationship shown above can be calcu- 
lated for other percentiles and C V s  by replacing the values in the 
equation. 

Tables 3-1 and 3-2 show the combined effecu of both parts for a 
99-percent confidence lewl and upper bounds of the 99th and 
95th percentiles, respectively. The facton shown in the tables are 
multiplied by the highest concentration in an effluent sample to 
estimate the maximum expected concentration. 

This procedure can be used for both single and multiple dis- 
charges to the same receiving waterbody. This is accomplished 
for multiple dischargers by summing the projected RWCs for the 
pollutant or pollutant parameter of concem from each individual 
discharger, and comparing it to the water quality standard. This 
involves an assumption of conservative additivity of the pollutant 
after discharge, which may not accurately reflect the true behav- 
ior of the toxicant. To overcome this, and to further refine the 
proportional contribution of each discharger and the resultant 
limits, the permitting authority should supplement this evaluation 
with multiple source WLA modeling and/or ambient water con- 
centration monitoring. 

3.3.3 Emuent Cimactenitation fur Whule Effiuent Toxicity 
Once an effluent has been selected for whole effluent toxicity 
characterization after consideration of the factors discussed above, 
the regulatory authority should require toxicity testing in accor- 
dance with appropriate site-specific considerations and the rec- 
ommendations discussed below. In the past 5 years, significant 
additional experience has been gained in generating effluent 
toxicity data upon which to make decisions as to whether or not 
an effluent will cause toxic effects in the receiving water in both 
freshwater and marine environments. 
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Table 3-1. Reasonable Potential Multiplying FX~OK: 9996 Confidence Level and 99% Probability Basis 

0.1 0.2 0.3 0.4 0.5 

1.6 2.5 3.9 6.0 9.0 

1.4 2.0 2.9 4.0 5.5 

1.4 1.9 2.5 3.3 4.4 

1.3 1.7 2.3 2.9 3.8 

1.3 1.7 2.1 2.7 3.4 

1.3 1.6 2.0 2.5 3.1 

1.3 1.6 2.0 2.4 2.9 

1.2 1.5 1.9 2.3 2.8 

1.2 1.5 1.8 2.2 2.7 

1.2 1.5 1.8 2.2 2.6 

1.2 1.5 1.8 2.1 2.5 

1.2 1.4 1.7 2.0 2.4 

1.2 1.4 1.7 2.0 2.3 

1.2 1.4 1.7 2.0 2.3 

1.2 1.4 1.6 1.9 2.2 

1.2 1.4 1.6 1.9 2.2 

1.2 1.4 1.6 1.9 2.1 

1.2 1.4 1.6 1.8 2.1 

1.2 1.4, 1.6 1.8 2.1 

1.2 1.3 1.6 1.8 2.0 
- 

Number of 

Samples 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

20 

Coefficient of 

0.6 0.7 0.8 0.9 1.0 

13.2 18.9 26.5 36.2 48.3 

7.4 9.8 12.7 16.1 20.2 

5.6 7.2 8.9 11.0 13.4 

4.7 5.9 7.2 8.7 10.3 

4.2 5.1 6.2 7.3 8.6 

3.8 4.6. 5.5 6.4 7.5 

3.6 4.2 5.0 5.8 6.7 

3.3 3.9 4.6 5.3 6.1 

3.2 3.7 4.3 5.0 5.7 

3.0 3.5 4.1 4.7 5.3 

2.9 3.4 3.9 4.4 5.0 

2.8 3.2 3.7 4.2 4.7 

2.7 3.1 3.6 4.0 4.5 

2.6 3.0 3.4 3.9 4.3 

2.6 2.9 3:3 3.7. 4.1 

2.5 2.9 3.2 3.6 4.0 

2.5 2.8 3.1 3.5 3.8 

2.4 2.7 3.0 3.4 3.7 

2.4 2.7 3.0 3.3 3.6 

2.3 2.6 2.9 3.2 3.5 

Number of 

Sampler 

4 

Coefficient of 

0.6 0.7 0.8 0.9 1.0 

6.2 8.0 10.1 12.6 15.5 

3.8 4.6 5.4 6.4 7.4 

3.0 3.5 4.0 4.6 5.2 

2.6 2.9 3.3 3.7 4.2 

2.3 2.6 2.9 3.2 3.6 

2.1 2.4 2.6 2.9 3.1 

2.0 2.2 2.4 2.6 2.8 

1.9 2.1 2.3 2.4 2.6 

1.8 2.0 2.1 2.3 2.4 

1.7 1.9 2.0 2.2 2.3 

1.7 1.8 1.9 2.1 2.2 

1.6 1.7 1.9 2.0 2.1 

1.6 1.7 1.8 1.9 2.0 

1.5 1.6 1.7 1.8 1.9 

1.5 1.6 1.7 1.8 1.8 

Variation 

1.1 1.2 1.3 1.4 1.5 

18.7 22.3 26.4 30.8 35.6 

8.5 9.7 10.9 12.2 13.6 

5.8 6.5 7.2 7.9 8.6 

4.6 5.0 5.5 6.0 6.4 

3.9 4.2 4.5 4.9 5.2 

3.4 3.7 3.9 4.2 4.5 

3.1 3.3 3.5 3.7 3.9 

2.8 3.0 3.2 3.3 3.5 

2.6 2.8 2.9 3.1 3.2 

2.4 2.6 2.7 2.8 3.0 

2.3 2.4 2.5 2.7 2.8 

2.2 2.3 2.4 2.5 2.6 

2.1 2.2 2.3 2.4 2.5 

2.0 2.1 2.2 2.3 2.3 

1.9 2.0 2.1 2.2 2.2 

6 

7 

8 

ariation 

1.1 1.2 1.3 1.4 1.5 

13.3 81.4 102.8 128.0 157.1 

14.9 30.3 36.3 43.0 50.4 

6.0 19.0 22.2 25.7 29.4 

2.2 14.2 16.3 18.6 21.0 

0.0 11.5 13.1 14.8 16.6 

8.6 9.8 11.1 12.4 13.8 

7.7 8.7 9.7 10.8 12.0 

6.9 7.8 8.7 9.6 10.6 

6.4 7.1 7.9 8.7 9.6 

5.9 6.6 7.3 8.0 8.8 

5.6 6.2 6.8 7.4 8.1 

5.2 5.8 6.4 7.0 7.5 

5.0 5.5 6.0 6.5 7.1 

4.8 5.2 5.7 6.2 6.7 

4.6 5.0 5.4 5.9 6.4 

4.4 4.8 5.2 5.6 6.1 

4.2 4.6 5.0 5.4 5.8 

4.1 4.4 4.8 5.2 5.6 

4.0 4.3 4.6 5.0 5.3 

3.8 4.2 4.5 4.8 5.2 

2.5 2.6 2.7 2.8 2.9 

2.4 2.5 2.6 2.6 2.7 

2.3 2.4 2.4 2.5 2.5 

1.6 1.7 1.8 1.9 2.0 

1.5 1.6 1.6 1.7 1.8 

1.4 1.5 1.6 1.7 1.7 

1.4 1.5 1.6 1.6 1.7 

1.4 1.5 1.5 1.6 1.6 

1.4 1.4 1.5 1.5 1.6 

90.3 227.8 269.9 316.7 368.3 

58.4 67.2 76.6 86.7 97.5 

33.5 37.7 42.3 47.0 52.0 

23.6 26.3 29.1 32.1 35.1 

18.4 20.4 22.4 24.5 26.6 

1.9 1.9 2.0 2.1 2.1 

1.8 1.9 1.9 2.0 2.0 

1.7 1.8 1.9 1.9 2.0 

1.7 1.8 1.8 1.9 1.9 

1.7 1.7 1.8 1.8 1.8 

15.3 16.8 18.3 19.9 21.5 

13.1 14.4 15.6 16.9 18.2 

11.6 12.6 13.6 14.7 15.8 

10.4 11.3 12.2 13.1 14.0 

9.5 10.3 11.0 11.8 12.6 

8.8 9.4 10.1 10.8 11.5 

8.1 8.8 9.4 10.0 10.6 

7.6 8.2 8.7 9.3 9.9 

7.2 7.7 8.2 8.7 9.2 

6.8 7.3 7.7 8.2 8.7 

6.5 6.9 7.3 7.8 8.2 

6.2 6.6 7.0 7.4 7.8 

5.9 6.3 6.7 7.0 7.4 

5.7 6.0 6.4 6.7 7.1 

5.5 5.8 6.1 6.5 6.8 

Table 3-L Reasonable Potential Multiplying Factors: 9996 Confidence Level and 95% Probability Basis 

~~ 

0.1 0.2 0.3 0.4 0.5 

1.4 1.9 2.6 3.6 4.7 

1.3 1.6 2.0 2.5 3.1 

1.2 1.5 1.8 2.1 2.5 

1.2 1.4 1.7 1.9 2.2 

1.2 1.4 1.6 1.8 2.1 

1.1 1.3 1.5 1.7 1.9 

1.1 1.3 1.4 1.6 1.8 

1.1 1.3 1.4 1.6 1.7 

1.1 1.2 1.4 1.5 1.7 

1.1 1.2 1.3 1.5 1.6 

1.1 1.2 1.3 1.4 1.6 

1.1 1.2 1.3 1.4 1.5 

1.1 1.2 1.3 1.4 1.5 

1.1 1.2 1.3 1.4 1.4 

1.1 1.2 1.2 1.3 1.4 

1.1 1.1 1.2 1.3 1.4 

1.1 1.1 1.2 1.3 1.4 

1.1 1.1 1.2 1.3 1.3 

1.1 1.1 1.2 1.3 1.3 

1.1 1.1 1.2 1.2 1.3 

2.2 2.3 2.3 2.4 2.4 

2.1 2.2 2.2 2.3 2.3 

2.0 2.1 2.1 2.2 2.2 

2.0 2.0 2.0 2.1 2.1 

1.9 1.9 2.0 2.0 2.0 
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General Considerations and Assumptions 

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

1) Only rarely have effluents discharged by NPDES permittees 
been observed to have LC5o.s less than 1 .O percent or no 
observed effect concentrations (NOEG)  less than 0.1 per- 
cent. However, there is always a chance that an effluent 
could be toxic at such iow effluent concentrations. 

2) With the exception of a small number of "outliers" for 
which confirmation is not possible, acute-to-chronic ratios 
(ACRs) above 20 for effluents discharged by NPDES per- 
mittees have not been observed by EPA. The majority of 
observed ACRs are very seldom above 10. However, higher 
ACRs may be found for selected facilities. 

3) The use of the three commonly used freshwater species 
and of three of the fwe commonly used marine organisms 
has generally been sufficient to measure any effluent's 
toxicity for the purposes of projecting effluent toxicity 
impact and making regulatory decisions. 

Figure 3-2 is a flow chart of EPA's recommendations for data 
generation for three different dilution scenarios. It is divided into 
three basic steps: determining initial dilution, developing toxic- 
ity testing procedup y d  developing decision criteria for per- 
mit limit. There are certain basic assumptions built into this flow 
chart. The basic pricciple used in making decisions is to compare 
available dilution €5 known or projected toxic effect concentra- 
tions in order to place pn effluent into one of three categories: 

-- 
1) The effluentucause~or contributes to an excursion of a 

numeric or narrative water quality criterion and the permit 
requires a limit on toxicity. 

2) The effluent has a reasonable potential of causing or con- 
tributing to an excursion of a numeric or narrative water 
quality criterion and a limit is required. 

3) The effluent has a wry low probability of causing or con- 
tributing to an excursion of a water quality standard and 
no limit is required. 

This categorization is accomplished by using dilution estimates in 
the first sHp and the results of the toxicity tests in the next steps. 
In addition, all these impact estimates assume discharge at criti- 
cal conditions and imposition of any applicable mixing zone 
requirements. Therefore, a comervative assumption is used to 
determine whether or not an impact is projected to occur. 
Estimates of possible toxic impact are made assuming that the 
effluent is most toxic to the most sensitive species or lifestage at 
the time of lowest available dilution. 

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, 
general observations on effluent toxicity described above now 
allow regulatory authorities to tighten the bounds of the initial 
dilution categorization, eliminate the species sensitivity uncer- 

tainty factor and target LC5o.s of 1 percent and NOECs of 0.1 pe 
cent as the most extreme toxicity measurements that can normall 
be expected for the vast maiority of effluents discharged by NPDE 
permittees for acute and chronic toxicity, respectively. The obse 
vation of toxicity was based on multiple dilution tests. The sam 
observation may not hold for toxicity measured with single dilutio 
tests (pass/fail). As reflected in Chapter 1, single dilution toxicit 
tests are much more variable than multiple dilution tests. There 
fore, the use of single concentration toxicity tests is strong1 
discouraged for this data generation process. 

I 
Since the new data generation requirements are much less exper 
sive than the prwious requirements, tiered testing (less expensiw 
singleconcentration, initial screening followed by increasingly er 
pensive.definitive data generation, using multiconcentration tesp 
as described in the September 1985 version of the technic? 
support document) is unnecessary. However, elimination of thq *- 
requirement to conduct toxicity testing on the basis of projec 
t ions using dilution alone is not recommended. Although EPA' 
data review suggests that an LCso of 1 percent and an NOEC c 
0.1 percent are the lower bounds on effluent toxicit), there ma 
be other effluents that are presently unmeasured that are mor1 
toxic. Testing data are always desirable for fully characterizin! 
discharges of concem. 

E 

-r Steps in Whole Effluent Characterization Process 

The following is a detailed description of the major steps presentec 
in Figure 3-2 and the rationale behind each. 

L 

Step 1: Dilution Determination 

The initial step is to determine the dilution of the effluent at tht 
edge of the mixing zone, assuming the State allows mixing zones 
Figure 3 4  shows a schematic representation of typical mixin! 
zone requirements for both acute and chronic toxicity. Calculat-- 
ing the dilution at the edges of mixing zones for site-specificL 
situations can be complicated. Modeling can be employed usin{ 
either steady-state or dynamic approaches to calculate the dilutior 
(see Chapter 4). However, for complex situations, such as marint 
and estuarine waters or lakes, dye studies (or other technique! 
used to assess mixing zones) may still be required. 

Some State water quality standards do not allow the use of mixins 
in the control of acute toxicity. For these States, acute toxicity I! 

often limited at the end of the pipe. Permit limits derived tcT- 
enforce such requirements would be considered "water quality;& 
based" because they would be based upon an ambient criterior 
(as opposed to an arbitrary test endpoint). Regardless, bott- 
chronic and acute toxicity must be assessed in these situations. 

Step 2: Toxicity Testing Procedures 

Where toxicity tests are required in order to make decisions re- 
garding appropriate next steps in a screening protocol, EPA rec- - 
ommends as a minimum that three species (for example, a 
vertebrate, an invertebrate, and a plant) be tested quarterly It 
for a minimum of 1 year. & discussed in Chapter 1, the use of 
three species is strongly recommended. Experience indicap that 
marine algae can be a highly sensitive test species for some efflu- 
ents. Using a surrogate species of the plant kingdom adds another 
trophic level to the testing regimen. For both freshwater and 
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marine situations, the use of three species is more protective than 
two species since a wider range of species sensitivity can be 
measured. EPA is continuing to develop toxicity test methods 
using additional organisms including plants. In addition, EfA has 
revised the test for Selenastnum, which has improved the test pre- 
cision. 

EPA recommends against selecting a “most sensitive” species 
for toxicity testing. For one organism to consistently be the most 
sensitive in a battery of toxicity tests, two conditions must occuc 
(1) the toxicants causing toxicity must remain the same, and (2) 
the ratios of the toxicants in the effluent (if more than one) must 
remain the same. Based on EPA’s experience at the Duluth re- 
search laboratory, neither of these conditions is likely to occur. For 
example, the causes of effluent toxicity in POTWs can vary on a 
seasonal basis. Toxicity in the summer can be caused by pesticides 
to which invertebrates are most sensitive. However, the winter 
toxicity could be caused by ammonia to which fathead minnows 
will respond most sensitively. The most sensitive species for an 
effluent actually may not exist and at best is difficult to identdy. 

Conducting toxicity tests using three species quarterly for 1 
year is recommended to adequately assess the variability of 
toxicity observed in effluents. Below this minimum, the chances 
of missing toxic events increase. The toxicity test result for the 

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

The data generation recommendations in Figure 3-2 represent 
minimum testing requirements. Since uncertainty regarding 
whether or not an effluent causes toxic impact is reduced with 
more data, EPA recommends that this test frequency be in- 
creased where necessary to adequately assess effluent vari- 
ability. If less frequent testing is required in the permit, it is 
preferable to use three species tested less frequently than to test 
the effluent more frequently with cnly a single species whose 
sensitivity to the effluent is not well characterized. 

EPA recommends that a discharger conduct acute toxicity 
testing if the dilution of the effluent is greater than 1OOO:l at 
the edge of the mixing zone [3]. Such a discharger would be 
considered a low priority for chronic toxicity testing. The rationale 
for this is that the effluent concentration would be below 0.1 
percent at the edge of the mixing zone and thus incapable of 
causing an excursion above the CCC. A worst case NOEC of 0.1 
percent translates into 1,000 TU,, which would result in a con- 
centration of less than 1 .O TU, at the edge of the mixing zone for 
this dilution category. The test results would be compared to the 
CMC after consideration of any allowable mixing. 

EPA recommends that a discharger conduct either acute or 
chronic toxicity testing if the dilution of the effluent falls 
between 1OO;l and 1,oOO:l at the edge of the mixing zone. 
Effluents have been shown to be both acutely and chronically 
toxic within this range of receiving water dilution. Under worst- 
case scenarios, LCsos of 1 .O percent and ACRs of 10 will result in 
excursions above both the CCC and CMC at the edge of the 
regulatory mixing zone. 

Although either acute or chronicfesting can be required within 
this dilution range, acute testing would be more appropriate at 
the higher end of this dilution range (1,OOO:l or 0.1 percent). At 
the lower end of this dilution range (1OO:l or 1.0 percent), 
chronic tests may be more appropriate. Where other factors are 
equal, chronic testing may be preferable since the interim results 
in a chronic test gives data on acute toxiciq as well. The acute 
endpoint data can then be used to compare directly to the CMC 
without the need for an ACR. 

Whichever type of toxicity test (either acute or chronic) is speci- 
fied, the results from that test should be compared to the crite- 
rion associated with that type of test. For example, a chronic test 
would be compared to the CCC. Comparisons to the other 
criteria can be made by using the ACR or additional data 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 TU,) represents an acute LCso of 50 percent (or 2 TU,) at  an 
ACR of 10. 

EPA recommends that a discharger conduct chronic toxicity 
testing if the dilution of the effluent falls below 1 W 1  at the 
edge of the mixing zone. The rationale for this recommenda- 
tion‘is that chronic toxicity has been observed in some effluents 
down to the 1 .O percent effect concentration. Therefore, chronic 
toxicity tests, although somewhat more expensive to condust 
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, 
although this is less likely as the 1OO:l dilution level is ap- 
proached. Thus, the recommended screening protocol shown in 
Figure 3-2 includes a determination of whether excursions above 
the CMC are projected [4]. This analysis may be performed by 
assuming an ACR, applying this value to the chronic toxicity 
testing data, and allowing for any allowable initial mixing. Alter- 
natively, the regulatory authority may use the interim results in 
the chronic test to calculate the acute toxicity. 

Both the chronic and acute toxicity test data would be compared 
to their respective criterion. The chronic test results would be 
compared to the CCC, and the acute results, regardless of how 
calculated, would be compared to the CMC. . 

Step 3: Decirion Criterh for Permit Limit Development 

Once the toxicity data have been generated for a discharger, the 
regulatory authority must decide whether or not the results show 
that the permittee causes, has the reasonable potential to cause, 
or contributes to an excursion of an applicable numeric or narra- 
tive water quality criterion and therefore needs to limit effluent 
toxicity. To do this, these data should be used to project 
receiving water concentrations, which are then compared to the 
CCC and CMC. One of four outcomes will be reached when 
following the screening protocol shown in Figure 3-2: 

1) Excursion Above CMC or CCC-Where any one data point 
shows an excursionpbove the State's numeric or narrative 
criterion for the parameter toxicity, EPA regulations require 
a permit limit-be set for whole effluent toxicity (40 CFR 
122.44(d)(1 or v)), unless limits on a specific chemical 
will allow the-narrative water quality criterion to be at- 
tained or mainQined. In the absence of a State numeric 
criterion for the parameter toxicity, EPA recommends that 
1.0 TU, and 0.3 TU, be used as the CCC and CMC, 
respectively. The decision to develop permit limits based 
upon an excursion above either the CMC or CCC will lead 
to protection against both acute and chronic toxicity if the 
permit derivation procedures in Chapter 5 are used to set 
effluent limits. 

2) Reasonable Potential for Excursion Above CMC or CCC- 
EPA believes that "reasonable potential" is shown where 
an effluent is projected to cause an excursion above the 
CCC or CMC. This projection is based upon a statistical 
analysis of available data that accounts for limited 
sample size and effluent variability. EPA's detailed rec- 
ommendations for making a statistical determination based 
upon effluent monitoring data alone are shown in Box 3-2. 
Where a regulatory authority finds that test results alone 
indicate a "reasonable potential" to cause an excursion 
above a State water quality criterion in accordance with 40 
CFR 122.44(d)(l )(ii), a permit limit must be developed. 

A regulatory authority may select an alternative approach 
for assessing reasonable potential. For example, an au- 
thority may opt to use a stochastic dilution model that 
incorporates both ambient dilution and efffuent variability 
for determining reasonable potential. Such an approach is 
analogous to the statistical approach shown in Box 3-2. 
Whatever approach selected by the authority, it must use 

all the factors that account for all the factors listed in 40 CFR 
122.44(d)(l )(ii). 

In some cases the statistical analysis of the effluent data may 
not actually project an excursion above the CMC or CCC 
but may be close. Under such conditions, reasonable poten- 
tial determinations will include an element of judgment on 
the part of the regulatory authority. Other factors will need 
to be considered and given appropriate weight in the' 
decisionmaking process, including value of waterbody (e.g., 
high-use fishety), relative proximity to the CCC or CMC, 
existing controls on point and nonpoint sources, informa- 
tion on effluent variability, compliance history of the facility, 
and type of treatment facility. These factors are summarized 
in Box 3-2 and are discussed in detail in Section 3.1. EPA 
recommends regulatory authorities establish a written 
policy and procedure for making determinations of "rea- 
sonable potential" under these circumstances. E 

3) No Reasonable Potential for Excursions Above CMC or CCC- 
In these situations, EPA recommends that the toxicity tests 
recommended above be repeated at a frequency of at 
least once every 5 years as a part of the permit application. 
Such testing is required for certain POTWs under 40 CFR 
122.21 (j). 

4) lnadeauate Information-Where a regulatory authority has 
inadequate information to determine reasonable potential . 
for an excursion of a numeric or narrative water quality 
criterion, there may st i l l  be a basis for concem on the part of 
the authority. The permit should contain whole effluent 
toxicity monitoring requirements and a reopener clause. 
This clause would require reopening of the permit and 
establishment of a limit based upon any test results, or other 
new factors, which substantiate that the effluent causes, has 
the reasonable potential of causing, or contributes to an - 
excursion above the CCC or CMC. 

.L 

3.3.4 
sworn 

l b  of Toxicity Testing in MuMpIe-soum Discharge 

Where more than one discharge to the same receiving waterbody 
contributes, or has the reasonable potential to contribute to an 
excursion of water quality standards, permit limits must be devel- - - 
oped for each individual discharger on that waterbody. For the 4, 
regulatory authority to make this assessment, additional testing 
may be needed to provide the authority with the information 
necessary to assess the relative impact of each source. For pur- 
poses of this discussion, a multiple-source discharge situation i s  
defined as a situation where impact zones overlap, or where 
ambient receiving water concentrations of a pollutant are elevated 
due to upstream discharges. In multiple-source discharge situations, 
additivity, antagonism, and persistence of toxicity can be of con- 
cem. To collect additional data, the permit authority should employ 
the toxicity testing procedures for multiple dischargers described 
in Box 3-3. In addition, ambient toxicity testing, as described 
below, could be used. 

Assuming that screening has been conducted that reveals the 
need for permit limits, two options for controlling the discharges 
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exist. The first option is for the permit authority to regulate each 
source separately using the procedures for individual point sources. 
In this option, the permitting authority would require use of 
upstream ambient water as a diluent in the toxicity test so as to be 
able to evaluate the contributions of upstream sources of toxicity. 
A second option is to treat each discharge as an interactive compo- 
nent of a whole system. In this option, the permit writer would 
determine a total maximum daily load for the receiving waterbody 
and develop individual wasteload allocations for each discharger 
using the procedures discussed in Chapter 4. 

3.3.5 Ambient Toxicity T d n g  
Ambient toxicity testing also is useful in screening receiving water 
bodies for existing toxic conditions. The procedure described in 
Appendix C uses short-term chronic toxicity tests to measure the 
toxicity of samples of receiving water taken above, at, and below 
outfalls. It can be used in freshwater, marine, and estuarine 
systems. The procedure must be conducted during an appropri- 
ate low-flow or worst-case design period. 

The utility of the ambient toxicity screening approach is that actual 
receiving water toxicity is directly measured. No 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 
provide an assessment of the persistence of effluent toxicity. 

3.3.6 

Special problems encountered when assessing and controlling 
impacts of toxic @llutants discharged to marine and estuarine 
waterbodies. Thesespecial problems indude the following: 

Special & n s i h o n s  fw Dkchages to W n e  and 
Estwins~nnn?nts 

- - 
Determining the physical characteristics of estuaries and the 
complex mixing and effluent dilution situations for RWG af 
effluents. 

Generating toxicity data on nonsaline effluents that dis- 
charge to brackish or saline waters and establishing cause- 
effect relationships on that basis. 

Assessing exposure and controlling impacts from persistent 
toxicants accumulating in fish and shellfish tissues and in 
sediments. These factors are particularly important in estu- 
aries and near coastal waters because of high use of estuaries 
as breeding and fishing areas for important commercial 
seafood supplies and recreational fishing, and because many 
estuaries and near coastal waters act as sinks for pollutants 
that accumulate in sediments. 

Where these special problems are encountered, additional infor- 
mation may need to be gathered to better quanbfy dilution, to 
determine metals partitioning, and to identlfy potential interfer- 
ences in whole effluent toxicity tests. 

To characterize the type of whole effluent toxicity that is most 
relevant for a particular discharge to marine and estuarine waters, 
the following questions should be considered [SI: 

What is the salinity of the receiving water, and is this 
important in terms of the State standards? 

What is the appropriate test organism to require for toxicity 
testing under differing salinity conditions? 

The answers to these questions will enable the permitting author- 
ity to determine what type of toxicity testing is most suitable for 
effluent characterization and whole effluent toxicity control. 

For most marine and estuarine discharges the choice of test 
species and dilution water should be made based on the charac- 
teristics of the receiving water at the critical conditions for flow, 
mixing, and salinity. Foremost in this determination should be 
the salinity of the receiving water and, to a lesser extent, the 
salinity of the effluent itself. 

The primary objective of whole effluent toxicity tests is to identify 
sources of toxicity that can potentially cause an excucion of a 
State’s narrative or numeric water quality criteria. For this reason, 
the toxicity tests should reflect the natural conditions of tne 
receiving water so to be able to measure any effluent characteris- 
tic that could contribute to ambient toxicity. The marine toxicity 
test methods i d e n 9  1,000 mg/l as the point at which salinity 
begins to exert an effect on freshwater species. As a general rule, 
EPA recommends that freshwater organisms be used when 
the receiving water salinity is less than 1,OOO mg/l, and that 
marine organisms be used when the receiving water salinity 
equals or exceeds 1,OOO mg/l. 

Saline Effluent Discharges to  Saltwater 

The dissolved salts in the effluent are pollutants. These salts may 
or may not be the same as those present in the receiving wa:er. 
Also, the proportion of dissolved salts in the effluent may be 
different from that of the salts in the receiving water. In this case, 
the toxicity test needs to be able to determine if these salts 
contribute to ambient toxicity. For this reason, marine organisms 
are needed. 

Saline Effluent Discharged to Freshwater 

In this case, the dissolved salts in the effluent is a pollutant that 
does not exist in the receiving water. The toxicity test needs to 
determine whether the dissolved salts can be one of the toxicants 
that contribute to ambient toxicity. For this reason, freshwater 
organisms are needed. 

Freshwater Effluent Discharged to Saltwater 

In this instance, the lack of dissolved salts in the effluent can cause 
an apparent toxic effect to the marine organisms in the toxicity 
test. However, in contrast to the instances presented above, the 
toxicity test does not need to be able to measure this effect 
because a lack of salts is not a pollutant. The manne toxicit, test 
methods account for this by requiring that the salinity of the 
effluent be adjusted to approximate the salinity of the receiving 
water. As an alternative to using a marine organism, a freshwater 
organism can be used if the test is being conducted only on a 
1 00-percent effluent sample and if State water quality standards 
do not require that a marine organism be used. 
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3.3.7 
EPA regulations at 40 CFR 1 22.44(d)(l )(v) provide that limits on 
whole effluent toxicity are not necessary where the permitting 
authority demonstrates in the fact sheet or statement of basis of 
the NPDES permit that chemical-specific limits for the effluent 
are sufficient to attain and maintain applicable numeric and 
narrative State water quality criteria. To make this demonstration 
that chemicakpecific limits are sufficient, additional effluent 
information will be needed. EPA recommends that the dis- 
charger conduct a toxicity identification evaluation to identify 
the causative agent(s) in the effluent Where the permitting 
authority determines that the demonstration required by 40 CFR 
122.44(d)(l)(v) has been made, limits on whole effluent toxicity 
need not be imposed. Effluent limits on the controlling chemical 
with concurrent whole effluent monitoring will be sufficient. 
Where subsequent whole effluent toxicity testing reveals the 
presence of toxicity in the effluent, the above process will need 
to be repeated, or altematively a whole effluent toxicity limit will 
be needed. If continued toxicity testing shows that additional 
chemical-specific effluent limits are insufficient to control whole 
effluent toxicity, then toxicity limits may be the only practical 
way to control toxicity. 

Wng a c h m n i c i ? / ~ c  undt Lo conbol Toxidty 

3.3.8 Effluent -on for spscifc Chmicah 
The previous section discussed effluent characterization for whole 
effluent toxicity. This section will describe EPA's recommenda- 
tions for data generation to determine whether or not pennit 
limits are needed to c i jn td  specific chemical pollutants in efflu- 
ents. While many of the same principles apply when developing 
chemical-specific limits, there are some differences based upon 
regulatory and analytical considerations. 

Characterization of 6pkcts due to speutic chemicals do not 
require a determinaaon of %e type of testing as is required for 
whole effluent toxicity because there is generally. only one type 
of test for specific chemicals. However, there are some antecedent 
steps that are unique to effluent characterization for specific 
chemicals: determination of the chemicals of concem and deter- 
mination of acceptable ambient levels (RAC, CMC, or CCC) for 
these pollutants. 

Steps for Chemical-specific Effluent Characterization Process 

Figure 3-5 illustrates EPA's recommendations for determining 
whether or not permit limits need to be developed according to 
an evaluation of a limited data set. The following discussion 
corresponds to the various activities shown in Figure 3-5. (Refer 
to the human health discussion in Section 3.3.9 for additional 
details on procedures to characterize the bioconcentration po- 
tential of effluents.) 

Step 1: identify the Pollutunts of C m m  

This process should begin with an examination of existing data 
to determine the presence of specific toxicants for which criteria, 
standards, or other toxicity data are available. Sources of data 
include the following: 

Permit application forms, DMRs, permit compliance sys- 
tems (PCS), and permit files 

Pretreatment industrial surwys 

STORET for ambient monitoring data 

SARA Title 111 Toxic Chemical Release Inventory 

Industrial effluent guidelines development documents I 
The Treatability Manual [6] 

Effluent bioconcentration assessment (see Section 3.3.9). 

Data on speufic chemicals that are typically submitted with NPDES 
application forms will consist of a limited number of analytical test 
results for many of the reported parameters. Where the regulatory 
authority has reason to believe that additional data for key param- 
eters of concern are needed in order to adequately character- 
ize the effluent, this information should be requested as a part of 
the application or, in some cases, through the use of Section 308 
letters. It is recommended that 8 to 12 samples be analyzed for 
key parameters of concern. In some cases, special analytical pro- 
tocols will need to be specified in order to gather all appropriate 
information. 

1 

Step2: Determine the Busis b r  Establishing RAG, CMCs, and 
CCG fbr the Pollufunts of Concern 

The second step is to idenw the appropriate water quality stan- 
dard, induding designated or existing use, and criteria for use. 
Ideally, the State water quality standards include aquatic life and 
human health criteria for the pollutants of concem. If a State does 
not have a numeric water quality cn'terion for the pollutant of 
concem, then one of three options for using the narrative criterion 
may be used (40 Cup 122.44(d)(l )(vi)) to determine whether a 
discharge causes, has the reasonable potential to cause, or contrib- 
utes to an excursion above a narrative criteria because of an - 
individual pollutant. Although the provisions of 40 CfR L 
122.44(d)(l)(vi) are presented in the regulation in the context of 
pennit limit development, these same considerations should be 
applied in characterizing effluents in order to determine whether 
limits are necessary. The options available are as follows: 

Option A allows the regulatory authority to establish limits 
using a "calculated numeric water quality criterion" that the 
regulatory authority demonstrates will attain and maintain 
applicable narrative water quality criteria and fully protect 

thority to use any criterion that protects aquatic life and 
human health. This option also allows the use of site-specific 
factors, including local human consumption rates of aquatic 
foods, the State's determination of an appropriate risk level, 
and any other current data that may be available. 

T -  . 
the designated use. This option allows the regulatory au- 

Y 

Option B allows the regulatory authority to establish efflu- 
ent limits using EPA's Water Quality Criteria guidance docu- 
ments, if EPA has published a criteria document for the 
pollutant supplemented where necessary by other relevant 
information. As discussed earlier, EPA criteria documents 
provide a comprehensive summary of available data on'the 
effects of a pollutant 
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STEP 2 

STEP 3 

kkntlly pdlut" 
of co(Ic.m 

t 
Determine RAC andor 
CMClCCC for poilutants 

of concam 1 

AAC available t 
t 

Dilution damlnation 
for human health 

impacts2 

CMC andlor 
CCC available 

Dilution detennlnatlon 
for aquatlc lib 

Impacts2 

potential 1" potential 

Require 

mlssuanw 
monitoring at 

- 

Require 
monitoring at 

reissuance 

- Notes: ' RAC and/or C W C C C r  Use State numeric criterion or interpret State narrative criterion using one of three options specified under 40 CFR 
122.44(d). 
Dilution determination: Perform for critical flow and for any applicable mixing zones for aquatic life and human health protection procedures, 
respectively. 
Reasonable potential: Use procedures in Boxes 3-2 and 3 4 .  

Figure 3-5. Effluent Characterization for Specific Chemicals 
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Option C may be used to develop limits for a pollutant of 
concern based on an indicator parameter under limited 
circumstances. An example of an indicator parameter is 
total toxic organics (lT0); effluent limits on IT0 are useful 
where an effluent contains organic compounds. However, 
use of this option must be justified to show that controls on 
one pollutant control one or more other pollutants to a level 
that will attain and maintain applicable State narrative water 
quality criteria and will protect aquatic life and human health 
(see 40 CFR 122.44(d)(l)(vi)(C)). Use of this option is re- 
stricted by regulation to those instances where it can be 
demonstrated that controls on indicator pollutants serve to 
control the toxicant of concem. Using Option A or Option B 
is a more direct and perhaps more defensible approach. 

same as were previously presented for whole effluent toxicity with 
one difference: there are two levels of dilution analysis for chemi- 
cal data. The first level is to use simple fate models based on a 
dilution analysis and comparison with the RAC, CMC, or CCC. 
The second level of analysis is to use more complex fate models, 
including dynamic models to estimate persistence, and may be 
applied to lakes, rivers, estuaries, and coastal systems using a 
desktop calculator or microcomputer. EPA has supported devel- 
opment of a second level of analysis that estimates point soilice 
wasteload allocations and nonpoint source allocations and pre- 
dicts the resulting pollutant concentrations in receiving waters 

7 
A. 
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Step 4: Decision Criteria for Permit Limit Development 
1 

Step 3: Dilution Determination 

The third step is to calculate the effluent dilution at the edge of the 
mixing zone. The pertinent factors for consideration here are the 

After this dilution analysis has been performed, the projected 
RWC is compared to the RAC, CMC, or CCC (either the State 
numeric criteria or an interpretation of the narrative criteria as 
described earlier). Whereas analysis of aquatic impacts should 
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indude evaluations with respect to both &e CCC and the CMC, 
analysis of human health impacts will only involve comparisons 
with the RAC The four possible outcomes discussed a b o w  in the 
triggers for permit limit development discussion in Section 3.3.3 
also apply here: 

Excursion above the RAC, CMC, or CCC 

Reasonable potential for excursion above the RAC, CMC, or 
ccc 

No reasonable potential for excursion above the RAC, CMC, 
ccc 

inadequate information. 

If these evaluations project excursions or the reasonable potential 
to cause or contribute to an excursion above the RAC, CMC, or 
CCC, then a permit limit is required (40 CFR 1 D.M(d)(l)(iii)). The 
statistical approach shown in Box 3-2 or an analogous approach 
developed by a regulatory authority can be used to determine the 
reasonable potential. Effluents that are shown not to cause or that 
have a reasonable potential to cause or contribute to an excursion 
above an RAC, CMC, or CCC should be reevaluated at permit 
reissuance. 

Where chemical-specific test results do not show a reasonable 
potential but indicate a basis for concem after consideration of the 
other factors discuss+ in Section 3.2, or if there were inadequate 
information to make a ddsion, the permit should contain chemi- 
cal testing requirements and a reopener clause. This clause would 
require reopening ofthe permit and establishment of a limit based 
upon any test results that show effluent toxicity at levds that cause 
or have a reasonable potential to cause or contribute to an excur- 
sion above the RAG CCC, or CMC. - 
3.3.9 Effiuent CbacMzWdlon far Biacuncen6atable 
pollutaais 

The previous section discussed how to characteke effects of 
specific chemicals, including those that may threaten human health, 
to determine whether or not a discharge causes, has the reasonable 
potential to cause, or contributes to excursions above an water 
quality criterion. The primary disadvantage of this approach is 
that it does not identdy all effluent chemicals of potential concern 
for human health. To help address this gap, EPA is dewloping a 
procedure for identifying pollutants with the propensity to 
bioconcentrate in fish tissue. This procedure is presently in draft 
form and should not be used for establishing NPDES permit limits 
until EPA releases the final document on the procedure. This 
section describes the outline of this procedure. 

The overall approach illustrated in Figure 3-6 is a seven-step pro- 
cedure that starts with collecting samples and ends with develop 
ing permit effluent limits. The effluent characterization step unique 
to this approach lies in Step 3. There are two alternatives under 
this step: fish tissue residue and effluent assessment. An analytical 
chemistry laboratory with residue chemisuy and gas chromato- 
graph/" spectometer (GUMS) capability is needed to conduct 
the analytical methods for both alternatives. A summary of the 
altematives follows: 
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Figure 3-6. Procedure for Assessment and Control of 
Bioconcentratable Contaminants in Surface Waters 7 
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Tissue Residue Alternative This alternative measures the 
concentrations of organic bioconcentratable chemicals in 
tissue samples of indigenous organisms from the receiving 
water. This analysis involves the collection of fish or shellfish 
samples, the extraction of the organic chemicals from the 
tissue and the analysis of these extracts with CC/MS to 
identify and quantdy the bioconcentratable contaminants. 
The procedure provides recommendations to sort the results 
of this screening analysis in order to determine which of the 
contaminants pose a hazard and require regulatory action. 

-The approach recommends that the identity of those con- 
taminants then be confirmed prior to taking subsequent 
action. 

- I  

Effluent Altemative: This altemative measures the concen- 
trations of organic bioconcentratable chemicals in effluent 
samples from point source dischargers. This analysis in- 
volves the collection of effluent samples, the extraction of 
the organic chemicals from the effluent sample, and the 
separation of the chemicals that have characteristics known 
to result in bioconcentration from the other chemical com- 
ponents of the effluent sample. Th is  separation is achieved 
by way of an analytical chemistry methodology called high- 
pressure liquid chromotography (HPLC). The HPLC also 
separates (fractionates) an effluent sample into three 
subsamples or "fractions." These three fractions contain 
chemicals with increasing potential to bioconcentrate, with 
the third fraction containing those chemicals with the high- 
est bioconcentfati6h rates. Following HPLC fractionation, 
each fraction is then analyzed with CC/MS to identiy and 
quantify the bioconcentratable contaminants. The effiuent 
procedure also provides recommendations to sort the r e  
sults of the in& screening analysis to determine which of 
the contamindnts pose a hazard and require subsequent 

. 
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regulatory action. The approach then recommends that 
the identity of those contaminants then be confirmed prior 
to taking further regulatory action. 

While both of the assessment altematives described above may 
be used for a given discharger, generally one of these altematives 
may be preferred by the regulatory authority. The regulatory 
authority would select the assessment approach based on the 
available site- and facility-specific information and the objectives 
of the application. 

I 
Although the approach provides a means to identify chemicals 
that can b;oconcentrate, it does not identify all bioconcentratable 
chemicals. Chemicals that bioconcentrate include many organic 
compounds, and a small number of metals (e.g., mercury and 
selenium) and organometals (e.g., tributyltin). The new ap- 
proach is limited to nonpolar organic chemicals that produce 
measurable chemical residues in aquatic organisms or that have 
log octanol-water partition coefficients greater than 3.5. 

3.3.10 Analytiwl &nsi&ations for Clremiwb 
Analysis of discharges for toxic substances requires special quality 
control procedures beyond 'those necessary for conventional 
parameters. Toxicants can occur in trace concentrations and are 
frequently volatile or otherwise unstable. An EPA publication 
entitled, Test Methods-Technical Additions to Method5 for Chemi- 
cal Analysis of Water ond Wastes 181, contains sampling and han- 

P 
i 
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dling procedures recommended by EPA for a number of toxic 
and conventional parameters. Additional methods for analyses 
for toxicants are described in Standard Methods of Water and 
Wastewater Analyses (a, 1 7th edition, 1989, or most recent 
edition) and 40 CFR Part 136. Chapter 5 discusses detection 
limits and sampling requirements. 

a 
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4. EXPOSURE AND WASTELOAD ALLOCATION 

4.1 INTRODUCTION 

At  this point in the toxics control process, a water quality problem 
has been identified. Screening analyses may have been done to 
assess the extent of toxicity, or a wasteload-allocation (WLA) 
based on an existing total maximum daily load (TMDL) may 
already have been established. A TMDL is the sum of the indi- 
vidual WLAs for point sources and load allocations (LAs) for 
nonpoint sources of pollution and natural background sources, 
tributaries, or adjacent segments. WLAS represent that portion of 
a TMDL that is established to limit the amount of pollutants from 
existing and future point sources so that surface water quality is 
protected at all flow conditions. 

The TMDL process uses water quality analyses to predict water 
quality conditions and pollutant concentrations. Limits on waste- 
water pollutant loads are set and nonpoint source allocations are 
established so that predicted receiving water concentrations do 
not exceed water quality criteria. TMDLs and WlAs/LAs should 
be established at leyels4necessary to attain and maintain the 
applicable narrative and numerical water quality standards, with 
seasonal variations and a margin of safety that takes into account 
any lack of knowledge conceming the relationship between point 
and nonpoint source loadings and water quality. Determination 
of WLAs/LAs and TMIDLS should take into account critical condi- 
tions for stream fl-w, loading, and water quality parameters. 
Conditions that will protect the receiving water have been deter- 
mined from State numeric or narrative water quality criteria. 

This chapter is divided into sections that explain the steps that 
precede establishment of a WLA and then the methods and tools 
(models) that can be used to determine the WIA. 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 EPXs mixing zone policy and how this 
policy affects the allowable toxic load that can be discharged from 
a point source. State mixing zone dimensions and the determina- 
tion of mixing zone boundaries are also discussed. 

Section 4.4 discusses mixing zone analyses for situations in which 
the discharge does not mix completely with the receiving water 
within a short distance. Included in Section 4.4 are discussions of 
outfall designs that maximize initial dilution in the mixing zone, 
critical design periods for mixing zone analyses, and methods to 
'analyze and model near-field and far-field mixing. 

Section 4.5 discusses the calculations of the WLA and LA and the 
types of EPA-recommended mathematical models available to 
determine WLAs in completely mixed situations for both aquatic 
life and human health. The 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 receiving water. The data require- 
ments of each of these models are also described so that the 
effluent charxterization procedures described in Chapter 3 can 
be designed to support the specific types of WIA modeling 
selected by the regulator. Section 4.6 discusses human health 
considerations and how to determine WLAs for human health 
toxicants. 

EPA is currently working on methods to develop sediment cnteria. 
Once developed, point source discharges could be further limited 
to prevent accumulation of pollutants in the bed sediment; such 
accumulation impairs beneficial uses. Although the criteria are 
not yet available for this document, they will be addressed in 
future documents. In the meantime, some of the models dis- 
cussed in Section 4.5 are capable of simulating interactions between 
the water column and sediment and between toxic transport and 
transformation in the sediment. EPA is encouraging the States to 
consider the role of sediments in WIA. 

4.2 TOTAL MAXIMUM DAILY LOADS AND WASTUOAD 
AllOCAnONS 

4.2 1 Total Maximum Daily laads 
The Federal Clean Water Act (CWA), under Section 303(6), re- 
quires the establishment of TMDb for '.'water quality limited" 
stream segments. In such segments, water quality does not meet 
applicable water quality standards and/or is not expected to meet 
applicable water quality standards even after the application of 
the technology-based effluent limitations. A TMDL includes a 
determination of the amount of a pollutant, or property of a 
pollutant, from point, nonpoint, and natural background sources, 
including a margin of safety, that may be discharged to a water 
quality4imited waterbody. 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. Permits should be issued 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 pollutant reactions and effluent toxicity. 
All of these factors can affect the allowable mass of the pollutant 
in the waterbody. Thus, two issues must be determined in 
conjunction with the establishment of the TMDL: (1) the defini- 
tion of upstream and downstream boundaries of the waterbodyr 
for which the N D L  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- 
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tween the pollutant source (whether point source or nonpoint 
source) that is farthest upstream and the downstream point at 
which water quality has recovered to the background quality 
found above the pollutant source that is farthest upstream. The 
delineation of critical conditions for stream flow, loading, and 
water quality parameters may be specific to the type of waterbody 
and is discussed in Section 4.4. 

TMDb are established based on water quality criteria pertinent to 
the designated and existing uses for the waterbody in question. 
TMDb are traditionally calculated ;sing State water quality stan- 
dards as applied to a specific waterbody. Such a fitting of the 
TMDL to desired water quality criteria requires information con- 
ceming the distribution of loadings within the waterbody, namely, 
the locations and relative contributions of pollutant-speofic load- 
ings from point, nonpoint, and background sources during all 
flow conditions (40 CFR 130.2(f)). Low-flow TMDb, by them- 
selves, will not be adequate in situations where nonpoint source 
loadings (LAs) during high or intermediate flow conditions cause 
excursions above water quality standards (40 CFR 130.2(f)). 

The loading capacity of TMDb have been determined in many 
ways, but the most common method is to find the pollutant 
loading that will attain and maintain applicable water quality 
criteria. For example, in the Tualatin Riwr Basin in Oregon, 
loading capacity was determined by multiplying stream flow in 
critical flow periods by the pollutant water quality standard [l I. 
Another method of determining a loading capacity is by quantify- 
ing instream toxicity. - Th i i  method was used in developing a 
TMDL for the Amelia River in Florida [2]. 

The allowable TMDL is.detined.as the sum of the individual WLAS 
and u\s; a margin of safety can be included with the two types of 
allocations to ensure &t allocated loads, regardless of source, 
would not produce a'n excuEion above water quality standards. 
The WLAs are those portions of the TMDL assigned to point 
sources; the LAS are those portions of the TMDL assigned to the 
sum of all nonpoint sources and background sources (40 CFR 
130.2(f)). The background sources represent loadings to the 
specified waterbody or stream segment that come from sources 
outside the defined segment For example, loadings from regions 
upstream of the segment and estimated atmospheric deposition 
of the pollutant would constitute background sources. Sediments 
that are highly contaminated from upstream discharges or histori- 
cal discharges might also act as a source of toxicants and contribute 
to the background levels; these sediments also'may be part of the 
nonpoint sources. 

- 

The TMDL represents a mass loading that may occur over a given 
time period to attain and maintain water quality standards. As a 
result, the design flows under which the TMDL is determined can 
significantly alter its value. This  phenomenon results in a some- 
what unusual dichotomy. The design flows for aquatic life protec- 
tion most applicable to point source loadings (WLAS) usually 
involve low-flow events (e.g., 741 0) because the volumes associ- 
ated with the point sources generally do not decrease with de- 
creased stream flow. As a result, the highest concentrations 
associated with specific point source loads would be expected 
under low flow conditions. Conversely, elevated nonpoint source 
pollutant loadings (i.e., urban, agricultural) generally correspond 
to storm events. In fact, agricultural and urban runoff are often 

minimal or nonexistent in the absence of precipitation (i.e., non- 
existent under low-flow drought conditions). 

The TMDL is a composite of the allowable loads associated with 
point sources and nonpoint sources within the defined bound- 
aries of the waterbody segment and the background loadings to 
that segment from upstream and from in-place sediments. 
Therefore, the N D L  should be evaluated under conditions that 
reflect worst-case (critical) conditions for both point and nonpoint 
source loadings (Le., low-flow drought and high flow conditions). 
Determination of the TMDL under these two scenarios would 
identify the lower of the two loading capacities of the waterbody. 
This lower capacity is necessary to protect the waterbody in 
question. 

In the case of design flows for human health protection, the 
harmonic mean flow is recommended as the basis for TMDb for 
carcinogens. Design flows for human health protection should 
consider worst-case conditions for both point and nonpoint source 
loadings under this flow condition (see Section 4.6). 

In many cases, LAs for nonpoint sources are difficult to assess 
because the information needed to describe the runoff associated 
with the high-flow storm events does not exist This lack of 
information is due to the high variability of the events. Because of 
the importance of estimating the nonpoint contributions to the 
waterbody, site-specific models may be required to estimate 
nonpoint source loadings. Even then, detailed models are difficult 
to calibrate with accuracy without intensive monitonng studies, 
and simplistic correlations between loadings and rainfall can be, 
by their statistical nature, unreliable for estimating low-frequency 
events (e.g., worst 1 0-year storm). The uncertainties associated 
with nonpoint source loadings and background sources require 
that the TMDL be determined with a sufficient margin of safety to 
allow for significant variability in nonpoint source loadings. 

CWA Section 303(d) and EPA regulations (40 CFR Parts 35 and 1 30, 
January 1 1, 1985) require that TMDb contain a margin of safety 
"which takes into account any lack of knowledge concerning the 
relationship between effluent limitations and water quality." The 
margin of safety is to take into account any Uncertainties related 
to development of the water quality-based control, including any 
uncertainties in pollutant loadings, ambient conditions, and the 
model analysis. The size of the required margin of safety can, of 
course, be reduced by collecting additional information, which 
reduces the amount of uncertainty. The margin of safety can be 
provided for in the TMDL process by one of the following: 

' 

Reserving a portion of the loading capacity to a separate 
margin of safety. 

Including a margin of safety within the individual WLAS for 
point sources and within the LAs for nonpoint sources and 
background sources. 

Most TMDLS are developed using the second approach, most 
often through the use of conservative design conditions. 

In addition, all WLAs. k, and TMDLS must meet the'State 
antidegradation provisions developed prusuant to the Water 
Quality Standards Regulation (Section 1 31.1 2 of 40 CFR Part 1 31, 
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November 8, 1983). This regulation establishes explicit proce- 
dures that must be followed prior to lowering existing water 
quality to a level that still supports the Section 101 (a)(2) "fishable/ 
swimmable" goal of the Act. W, LAs, and TMDLS that allow 
such a decline in water quality cannot be established unless the 
applicable public participation and intergovem-mental review 
requirements of the antigradation provisions have been met and 
all existing uses are fully maintained and protected. 

4.22 Waelaad Allocation sclrc#nss 
WLAs for water quality-based toxics permits must be set in accor- 
dance with EPA regulations [3,4]. EPA has developed a number 
of WlA guidance documents to assist regulatory authorities in 
developing TMDLS and W k .  The EPA Office of Water Regula- 
tions and Standards, Assessment and Watershed Protection Divi- 
sion, maintains the latest listing of all WLA guidance documents. 
Toxic WlA guidance documents are currently available for rivers 
and streams (SI, lakes and reservoirs [6], and estuaries [7]. Cuid- 
ance for the determination of critical design conditions for steady- 
state modeling of rivers and streams also is available [8]. 

Table 4-1 lins 19 allocation schemes that may be used by the 
States to develop W k .  This is not intended to be a complete list 
of approaches; regulatory authorities may use any reasonable 
allocation scheme that meets the antidegradation provisions and 
other requirements of State water quality standards [3]. 

The most commonly-&?allocation methods have been equal 
percent removal, equal eftluent concentrations, and a hybrid 
method. The equal w e n t  removal approach can be applied in 
two ways: the overall removal efficiencies of each pollutant 
source must be eqw!, or the incremental removal efficienjes 
must be equal. The-equal effluent concentration approach also 
can be applied in two acceptable ways--equal final concentra- 
tions or equal incremental concentration reductions. This method 
is similar to'the equal percent removal method if influent concen- 
trations at all .sources are approximately the same. However, if 
one point source has substantially higher influent levels, requiring 
equal effluent concentrations will result in higher overall treat- 
ment levels for that'source than the equal percent removal a p  
proach. 

The final commonly used method of allocating wastdoads is a 
hybrid method in which the criteria for waste reduction may not 
be the same for each point source. One facility may be allowed to 
operate unchanged, while another may be required to provide 
the entire load reduction. More often, a proportionality rule that 
requires the percent removal to be proportional to the input 
loading can be assigned. In these cases, larger sources would be 
required to achieve higher overall removals. 

4.3 INCOMPLETELY MIXED, DISCHARGE RECUVING 
WATER SITUATIONS 

Mixing zones are areas where an eftluent discharge undergoes 
initial dilution and are extended to cover the secondary mixing in 
the ambient waterbody. A mixiyg zone is an allocated impact 

zone where acute and chronic water quality criteria can be ex- 
ceeded as long as a number of protections are maintained, in- 
cluding freedom from the following: 

. Materials in concentrations that settle to form objection- 
able deposits 

. Floating debris, oil, scum, and other matter in concentra- 
tions that form nuisances 

Table 4-1. Wasteload Allocation Methods [9] 

1. , Equal prcent removal (equal percent treatment) 
2. Equal effluent concentrations 
3. Equal total mass discharge per day 
4. Equal mass discharge per capita per day 
5. Equal reduction of raw load (pounds per day) 
6. Equal ambient mean annual quality (mg/l) 
7. Equal cost per pound of pollutant removed 
8. Equal treatment cost per unit of production 
9. Equal mass discharged per unit of raw material used 

10. Equal mass discharged per unit of production 
1 1 a. Percent removal proportional to raw load per day 
11 b. Larger facilities to achieve higher removal rates 

12. Percent removal proportional to community effective 
income 

13a. Effluent charges (dollars per pound, etc.) 
13b. Effluent charge above some load limit 
14. Seasonal limits based on cost-effectiveness analysis 
15. Minimum total treatment cost 
16. Best availability technology (BAT) (industry) plus some 

level for municipal inputs 
17. Assimilative capacity divided to require an "equal effort 

among all dischargers" 
18a. Municipal: treatment level proportional to plant size 
18b. Industrial: equal percent between best practicable tech- 

nology (BPT) and BAT, i.e., Allowable wasteload alloca- 
tion: 

@VIA) = BPT- 2- (BPT-BAT) 
100 

19. Industrial discharges given different treatment levels for 
different stream flows and seasons. For example, a plant 
might not be allowed to discharge when stream flow is 
below a certain value, but below another value, the 
plant would be required to use a higher level of treat- 
ment than BPT. Finally, when stream flow is above an 
upper value, the plant would be required to treat to a 
level comparable to BPT. 



0 Substances in concentrations that produce objectionable 
color, odor, taste, or turbidity 

Substances in concentrations that produce undesirable 
aquatic life or result in a dominance of nuisance species. 

Acutely toxic conditions are defined as those lethal to aquatic 
organisms that may pass through the mixing zone. As discussed 
in Chapter 2, the undertying assumption for allowing a mixing 
zone is that a small area of concentrations in excess of acute and 
chronic criteria, but below acutely toxic releases, can exist without 
causing adverse effects to the overall waterbody. The State 
regulatory agency can decide to allow or deny a mixing zone on a 
site-specific basis. For a mixing zone to be permitted, the dis- 
charger should prove to the State regulatory agency that all State 
requirements for a mixing zone are met. 

When wastewater is discharged into a waterbody, its transpod 
may be divided into two stages with distinctive mixing character- 
istics. Mixing and dilution in the first stage are determined by the 
initial momentum and buoyancy of the discharge. This initial 
contact with'the receiving water is where the concentration of the 
effluent will be its greatest in the water column. The design of the 
discharge outfall should provide ample momentum to dilute the 
concentrations in the immediate contact area as quickly as pos- 
sible. 

The second stage of mixing coven a more extensive area in which 
the effect of initial momentum and buoyancy is diminished and 
the waste is mixedprimarily by ambient turbulence. In large 
rivers or estuaries, this second-stage mixing area may extend for 
miles before u n i f o w  mixed conditions are attained. In some 
instances, such & larger lakes or. coastal bays, completely mixed 
conditions are never reached in the waterbody. The general 
definition for a completely mixed condition is when no measur- 
able difference in the concentration of the pollutant (e.g., does 
not vary by more than 5 percent) exists across any transect of the 
waterbody. 

This section provides background information on the policy of 
mixing zones and the means to characterize them for use in WLAs 
(Section 4.5). The first subsection discusses the concerns that 
must be addressed when the boundaries and restrictions of a 
mixing zone are determined. The second subsection discusses 
the guidelines for preventing lethal conditions in the mixing zone. 

4.3.1 DetGnnination ot MLringzorrS Bowrdaries 
Allowable mixing zone characteristics should be established to 
ensure the following: 

Mixing zones do not impair the-integrity of the waterbody 
as a whole. 

There is no lethality to organisms passing through the 
mixing zone. 

There are no significant health risks, considering lilt* path- 
ways of exposure (see Section 2.2.2). 

The Water Quality Criteria4 972 [lo] recommends that mixing 
zone characteristia be defined on a case-by-case basis after it has 
been determined that the assimilative capacity of the receiving 
system can safely accommodate the discharge. This  assessment 
should eke into consideration the physical, chemical, and bio- 
logical characteristics of the discharge and the receiving system; 
the life history and behavior of organisms in the receiving system; 
and the desired uses of the waters. Nearly all States require such 
an analysis before they allow a mixing zone [l 11. Further, mixing 
zones should not be permitted where they may endanger critical 
areas (e.g., drinking water supplies, recreational areas, breeding 
grounds, areas with sensitive biota). 

EPA has developed a holistic approach to determine whether a 
mixing zone is tolerable [12]. The method considers all the 
impacts to the waterbody and all the impacts that the drop in 
water quality will have on the surrounding ecosystem and 
waterbody uses. It is a multistep data collection and analysis 
procedure that is particularly sensitive to overlapping mixing 
zones. It includes the identification of all upstream and down- 
stream waterbodies and the ecological and cultural data pertain- 
ing to them; the collection of data on all present and future 
dxharges to the w a t w  the assessment of relative environ- 
mental value and level of protection needed for the waterbody; 
and, finally, the allocation of environmental impact for a discharge 
applicant Because of the difficulty in collecting the data necessary 
for this procedure and the general lack of agreement conceming 
relative values, this method will be difficult to implement in full. 
However, the method does serve as a guide on how to proceed in 
allocating a mixing zone. 

Most States allow mixing zones as a policy issue, but provide 
spatial dimensions to limit the areal extent of the mixing zones. 
The mixing zones are then allowed (or not allowed) after case-by- 
case determinations. State regulations dealing with streams and 
rivers generally limit mixing zone widths, cross-sectional areas, 
and flow volumes and allow lengths to be determined on a case- 
bycase basis. For lakes, estuaries, and coastal waters, dimensions 
are usually specified by surface area, width, cross-sectional area, 
and volume. 

Where a mixing zone is allowed, water quality standards are met 
at the edge of that regulatory mixing zone during design flow 
conditions and generally, (1) provide a continuous zone of pas- 
sage that meets water quality criteria for free-swimming and 
drifting organisms and (2) prevent impairment of critical resource 
areas. Individual State mixing zone dimensions are designed to 
limit the impact of a mixing zone on the waterbody. Furthermore, 
EPA's review of State WLAS should evaluate whether assumptions 
of complete or incomplete mixing are appropriate based on 
available data. 

In river systems, resewoin, lakes, estuaries, and coastal waters, 
zones of passage are defined as continuous water routes of such 
volume, area, and quality as to allow passage of free-swimming 
and drifting organisms so that no significant effects are produced 
on their populations. Transport of a variety of organisms in river 
water and by tidal movements in estuaries is biologically $q"- 
tant in a number of ways: food is carried to the sessile filter 
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feeders and other nonmobile organisms, spatial distribution of 
organisms and reinforcement of weakened populations are en- 
hanced, and embryos and larvae of some fish species develop 
while drifting [l 11. Anadromous and catadromous species must 
be able to reach suitable spawning areas. Their young (and in 
some cases the adults) must be assured a retum route to their 
growing and living areas. Many species make migrations for 
spawning and other purposes. 6iWkK or blocks that prevent or 
interfere with these types of essential transport and movement 
can be created by water with inadequate chemical or physical 
quality. 

As explained above, a State regulatory agency may decide to 
deny a mixing zone in a site-specific case. For example, denial 
should be considered when bioaccumulative pollutants are in the 
discharge. The potential for a pollutant to bioaccumulate in living 
organisms is measured by (1) the bioconcentration factor (BCF), 
which is chemical-specific and describes the degree to which an 
organism or tissue can acquire a higher contaminant concentra- 
tion than its environment (e.g., surface water); (2) the duration of 
exposure; and (3) the concentration of the chemical of interest. 
While any BCF value greater than 1 indicates that bioaccumulation 
potential exists, bioaccumulation potential is generally not con- 
sidered to be significant unless the BCF exceeds 100 or more. 
Thus, a chemical that is discharged to a receiving stream, result- 
ing in low concentrations, and that has a low BCF value will not 
create a bioaccumulation hazard. Conversely, a chemical that is 
discharged to a receiving.strpam, resulting in a low concentration 
but having a high BCF value, may cause in a bioaccumulation 
hazard. Also, some chemicals of relatively low toxicity, such as 
zinc, will bioconcentriile in fish without harmful effects resulting 
from human consumption. - 

Another example of W&I a cegdator should consider prohibiting 
a mixing zone is in situations where an effluent is known to attract 
biota. In such cases, provision of a continuous zone of passage 
around the mixing area will not serve the purpose of protecting 
aquatic life. A review of the technical literature on avoidance/ 
attraction behavior revealed that the majority of toxicants elicited 
an avoidance or neutral response at low concentrations [13]. 
However, some chemicals did elicit an attractive response, but the 
data were not sufficient to support any predictive methods. Tem- 
perature can be an attractive force and may counter an avoidance 
response to a pollutant, resulting in attraction to the toxicant 
discharge. Innate behavior such as migration may also supersede 
an avoidance response and cause fish to incur a significant expo- 
sure. 

4.3.2 Minimizing the Size of Mixing hnes  
Concentrations above the chronic criteria are likely to prevent 
sensitive taxa from taking up long-term residence in the mixing 
zone. In th i s  regard, benthic organisms and territorial organisms 
are likely to be of greatest concem. The higher the concentra- 
tions occurring within an isopleth, the more taxa are likely to be 
excluded, thereby affecung the structure and function of the 
ecological community. It is thus important to minimize the 
overall size of the mixing zone and the size of elevated concentra- 
tion isopleths within the mixing zone. 

4.3.3 Rwentinn of lethality to Piissing Ofyanisms 
The Water Quality Standards Handbook [14] indicates that whether 
to establish a mixing zone policy is a matter of State discretion, 
but that any State policy allowing for mixing zones must be 
consistent with the CWA and is subject to approval of the Re- 
gional Administrator. The handbook provides additional discus- 
sion regarding the basis for a State mixing zone policy. 

Lethality is a function of the magnitude of pollutant concentra- 
tions and the duration an organism is exposed to those concen- 
trations. Requirements for wastewater plumes that tend to attract 
aquatic life should incorporate measures to reduce the toxicity 
(e.g., via pretreatment, dilution) to minimize lethality or any 
irreversible toxic effects on aquatic life. 

EPA's water quality criteria provide guidance on the magnitude 
and duration of pollutant concentrations causing lethality. The 
criterion maximum concentration (CMC) i s  used as a means to 
prevent lethality or other acute effects. As explained in Appendix 
D, the CMC is a toxicity level and should not be confused with an 
LC50 level. The CMC is defined-as one-half of the final acute value 
for specific toxicants and 0.3 acute toxic unit (TU,) for effluent 
toxicity (see Chapter 2). The CMC describes the condition under 
which lethality will not occur if the duration of the exposure to the 
CMC level is less than 1 hour. The CMC for whole effluent toxicity 
is intended to prevent lethality or acute effects in the aquatic 
biota. The CMC for individual toxicants prevents acute effects in 
all but a small percentage of the tested species. Thus, the areal 
extent and concentration isopleths of the mixing zone must be 
such that the 1-hour average exposure of organisms passing 
through the mixing zone is less than the CMC. The organism 
must be able to pass through quickly or flee the high-concentra- 
tion area. The objective of developing water quality recommen- 
dations for mixing zones is to provide timesxposure histories that 
produce negligible or no measurable effects on populations of 
critical species in the receiving system. 

Lethality to passing organisms can be prevented in the mixing 
zone in one of four ways. The first method is to prohibit concen- 
trations in excess of the CMC in the pipe itself, as measured 
directly at  the end of the pipe. As an example, the CMC should 
be met in the pipe whenever a continuous discharge is made to 
an intermittent stream. The second approach is to require that 
the CMC be met within a very short distance from the outfall 
during chronic design-flow conditions for receiving waters (see 
Section 4.4.2). 

If the second alternative i s  selected, hydraulic investigations 
and calculations indicate that the use of a high-velocity dis- 
charge with an initial velocity of 3 meters per second, or 
more, together with a mixing zone spatial limitation of 50 
times the discharge length scale in any direction, should 
ensure that the CMC is  met within a few minutes under 
practically all conditions. The discharge length scale is defined 
as the square root of the cross-sectional area of any discharge 
pipe. 

A third alternative (applicable to any waterbody) i s  not to use a 
high-velocity discharge. Rather the discharger should provide 
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data to the State regulatory agency showing that the most restric- 
tive of the following conditions are met for each outfall: 

0 The CMC should be met within 10 percent of the distance 
from the edge of the outfall structure to the edge of the 
regulatory mixing zone in any spatial direction. 

The CMC should be met within a distance of 50 times the 
discharge length scale in any spatial direction. In the case 
of a multiport diffuser, this requirement must be met for 
each port using the appropriate discharge length scale of 
that port This restria'on will ensure a dilution factor of at 
least 10 within this distance under all possible circum- 
stances, including situations of severe bottom interaction, 
surface interaction, or lateral merging. 

The CMC should be met within a distance of five times the 
local water depth in any horizontal direction from .any 
discharge outlet. The local water depth is defined as the 
natural water depth (existing prior to the installation of the 
discharge outlet) prevailing under mixing zone design con- 
ditions (e.g., low flow for rivers). This restriction will pre 
vent locating the discharge in very shallow environments or 
very dose to shore, which would result in significant surface 
and bottom concentrations. 

A fourth altemative (applicable to any waterbody) is for the 
discharger to provide datit to the State regulatory agency show- 
ing that a drifting organism would not be exposed to l-hour 
average concentraticns exceeding the CMC, or would not receive 
harmful exposure when evaluated by other valid toxicological 
analysis, as discussed in Section 2.2.2. Such data should be 
collected during environmental conditions that replicate critical 
conditions. - - 
For the third and fourth altematives, examples of such data 
include monitoring studies, except for those situations where 
collecting chemical samples to develop monitoring data would 
be impractical, such as at deep outfalls in oceans, lakes, or 
embayments. Other types of data could include field tracer 
studies using dye, current meters, other tracer materials, or de- 
tailed analpcal calculations, such as modeling estimations of 
concentration or dilution isopleths. 

The Water Quality Criteria-1972 [l 11 outlines a method, appli- 
cable to the fourth altemative, to determine whether a mixing 
zone is tolerable for a free-swimming or drifting organism. The 
method incorporates mortality rates (based on toxicity studies for 
thk pollutant of concem and a representative organism) along 
with the concentration isopleths of the mixing zone and the 
length of time the organism may spend in each isopleth. The 
intent of the method is to prevent the actual time of exposure 
from exceeding the exposure time required to elicit an effect [lo]: 

where T(n) is the exposure time an organism is in isopleth n, and 
U(X) is the "effect time." That is, ET@) is the exposure time 

required to produce an effect (including a delayed effect) in X 
percent of organisms exposed to a concentration equal to C(n), 
the concentration in isopleth n. ET(X) is experimentally deter- 
mined; the effect is usually mortality. If the summation of ratios of 
exposure time to effect time is less than 1, then the percent effect 
will not occur. 

4.3.4 Prsvention of Blaaccumulathn Prublems for Humn 
Health 

States are not required to allow mixing zones. Where unsafe fish 
tissue levels or other evidence indicates a lack of assimilative 
capacity in a particular waterbody for a bioaccumulative pollut- 
ant, care should be taken in calculating discharge limits for this 
pollutant or the additivity of multiple pollutants. In particular, 
relaxing discharge limits because of the provision of a mixing w- 
zone may not be appropriate in t h i s  situation. .c 

. .  

Proper design of a mixing zone study for a particular waterbody 
requires estimation of the distance from the outfall to the point 
where the effluent mixes completely with the receiving water. 
The boundary is usually defined as the location where the concen- 
trations across a transect of the waterbody differ by less than 5 
percent The boundary can be determined based on the results of 
a tracer study or the use of mixing zone models. Both proce- 
dures, along with simple order-of-magnitude dilution calcula- 
tions, are discussed in the following subsections. 

F 

If the distance to complete mixing is insignificant, then mixing 
zone modeling is not necessary and the fate and transport models 
described in Section 4.5 can be used to perform the WIA. It is - 
important to remember that the assumption of complete,L 
mixing is not a conservative assumption for toxic discharges: 
an assumption of minimal mixing is the conservative a p  
proach. If completely mixed conditions do not occur within a 
short distance of the outfall, the WLA study should rely on mixing 
zone monitoring and modeling. Just as in the case of completely 
mixed models, mixing zone analysis can be performed using both 
steady-state and dynamic techniques. State requirements regard- 
ing the mixing zone will determine how water quality criteria are 
used in the TMDL T- 
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This section is divided into five subsections. The first discusses 
recommendations for outfall designs and means to maximize 
initial dilution. The second provides a brief description of the four 
major waterbody types and the critical design period when mix- 
ing zone analysis should be performed for each. The third pro- 
vides a brief description of tracer studies and how they may be 
used to define a mixing zone. The fourth and fifth subsections 
discuss simplified methods and sophisticated models to predict 
the two stages of mixing (Le., discharge-induced and ambient- 
induced mixing). For a detailed explanation of the mechanisms 
involved in estimating both stages of mixing, two references are 
recommended, Holley and Jirka [15] and Fischer et aL [16]. 
Although the models presented in Sections 4.4.4 and 4.4.5 sim- 
plify the mixing process, the assessor should have an understand- 
ing of the basic physical concepts governing mixing to use these 
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models appropriately. (The US. EPA Center for Exposure Assess- 
ment Modeling [CEAM] in Athens, Georgia, provides an overview 
course that teaches the basics of mixing and how the basics 
should be used for water quality management.) 

It is important to note that the mixing zone models presented 
here attempt to predict the dispersion and dilution of the effluent 
plume. They do not attempt to predict any removal or transfor- 
mation of the pollutants. In the near field, dispersion and dilution 
caused by discharge-induced mixing and then ambient-induced 
mixing will be the major cause of toxicity reduction. If incomplete 
mixing persists downstream (such as in the case of shore hugging 
plumes), then some far-field processes will become important. 
Some of the models described in Section 4.5 that have sophisti- 
cated hydrodynamic simulation routines coupled With fate simu- 
lation routines may be used for these far-field, incomplete mixing 
analyses. 

4.4.1 Gem1 li”?ndations for Outfi~ll Design 
An important factor in maximizing theinitial dilution of an efflu- 
ent is the design of the effluent outfall. There are three major 
types of outfall da-gns: surface discharge from free flows in a pipe 
or canal, .single-port submerged discharge, and multiport sub 
merged discharge. The last type is often referred to as multiport 
diffusers. Of the three, the surface discharge type is the least 
favorable for toxic discharges since it offers the least initidl mixing. 
In particular, surface discharges at the shoreline of a waterbody 
usually have an impact $long the shoreline when there is signifi- 
cant cross-flow and thus yield high surface concentrations. 

Submerged discharges offer more flexibility in meeting the design 
goals for toxic discharges. Submerged discharges may be in the 
form of a single p i g  outlet or of multiport discharges (diffuwrs) 
giving rise to oneor seveid submerged discharge jets. A typical 
diffuser section is illustrated in Figure 4-1. Submerged discharges 
allow the effluent to be directed at different angles to the ambient 
flow to maximize the initial dilution. Diffusers are particularly 
effective in counteracting the buoyancy of the effluent. However, 
submerged multiport discharges are only feasible in waterbodies 
that are of sufficient depth and are not subjected to periodic 
dredging or to considerable scour or deposition. 

. 

- 

1 
0.20 m x 0.15 m 
90’ reducer elbow 

0.1 5 m castiron plpe 
\ 

, \0.15m9O0elbow 

Figure 41. A Typical Difhrser Section [17] 

Many of the complexities of submerged diffusers have been 
summarized by )irks [18], Holley and lirka [l S], and Roberts et al. 
[19,20,21]. Submerged discharges should be designed to avoid 
direct surface impingement and bottom attachment of the sub- 
merged jet or jets. Surface and bottom impacts should be 
evaluated at critical design conditions (low flow or high stratifica- 
tion) and at  off-design conditions (higher flow or lower stratitica- 
tion) to ensure the best placement and design of the diffuser. 
Diffusers provide more dilution than single outlets, but the align- 
ment of the diffuser with the receiving water flow direction influ- 
ences how much dilution will be provided. If the outlet structure 
is directed parallel to the direction of flow, dilution under high 
ambient velocities (off-design conditions) may be lower than 
under low velocities (critical design conditions). 

In rivers, the preferred arrangement for a submerged discharge is 
to direct the outlet into the current flow direction or vertically 
upward. To deal with the reversing currents of estuaries and 
coastal bays, the preferred arrangements for offshore discharges 
are parallel diffuser alignment (tee diffuser) and perpendicular 
diffuser alignment (staged diffuser) [18]. In lakes and reservoirs, 
the preferred arrangement for a negatively buoyant discharge is 
to direct the diffuser vertically upward. A positively buoyant, 
wrtically directed jet could penetrate stratification, so the prefer- 
ence for this type of discharge is to orient the diffuser at  a slight 
angle above the horizontal. For Ocean outfalls, initial dilution is  
improved by longer (perpendicular to the shoreline) and deeper 
diffusers. Further, the ports of the diffuser should be sufficiently 
separated to minimize merging of the separate plumes [22]. 

442 ctit/calnesigaperi4dsfwwat~ies 
This section provides a brief description of the four major waterbody 
types and defines the critical design periods that should be used 
when performing mixing zone analyses in each of these waterbody 
types. Appendix D provides a further discussion on the appropri- 
ate selection of design periods. 

1) Rivers and Run-of-River Reservoirs 

Rwrs and run-of-river reservoirs are waterbodies that have a 
persistent throughflow in the downstream direction and do not 
exhibit significant natural density stratification. Recommenda- 
tions for hydrologically based and biologically based design flows 
for completely mixed, steady-state modeling of rivers are de- 
scribed in Appendix D of this document. The biologically based 
design flows are determined using the averaging periods and 
frequencies specified in water quality criteria [8]. Also, the hydro- 
logically based flows 1QlO and 7410 for the CMC and CCC, 
respectively, have been used traditionally and may continue to be 
used for steady-state modeling. Run-of-river reservoirs with r w -  
dence times less than 20 days at critical conditions also should be 
analyzed using biologically or hydrologically based design flows 
(see below). Regulated rivers may have a minimum flow in excess 
of these toxicological flows. In such cases, the minimum flow 
should be used in TMDL modeling. 

2) Lakes and Reservoirs 

This receiving water category encompasses lakes and reservoirs 
with residence times in excess of 20 days at critical conditions 
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[23]. Seasonal variations in the water level, wind speed and 
direction, and'hsonal solar radiation should be determined to 
define the critical period [23]. In the case of long and narrow 
reservoirs, areas above the plunge point (Le., areas where no 
stream-like flow is present and waters are mixed or stratified by 
density) can be analyzed as rivers. The areas below can be 
analyzed as reservoirs. Since effluent density relative to the ambi- 
ent water can vary over seasons, no one season or stratification 
condition can be selected as the most uitical'dilution situation for 
all cases. In general, all four seasons should be analyzed to 
determine the most critical periods for mixing zone analyses. All 
seasonal analyses should assume an ambient velocity of zero 
unless persistent currents have been documented. Special atten- 
tion should be given to periods of rising water level since poilut- 
ants can move back into coves and accumulate under these 
conditions. Location of discharges in coves and dead-end 
embayments should be prevented whenever possible. 

3) Estuaries and Coastal Bays 

This  receiving water category encompasses estuaries, which are 
defined as having a main channd reversing flow, and coastal 
bays, which are defined as having significant two-dimensional 
flow in the horizontal directions. For both waterbodies, the 
critical design conditions recommended here are based on astro- 
nomical, not meteorological, tides. 

Determining the nattire and extent of the discharge plume is 
complicated in marine systems by such conditions as differences 
in tides, riverine inpg, wind intensity and direction, and thermal 
and saline stratification. Because of the tidal nature of the estuar- 
ies and coastal systems and'their complex circulation patterns, 
dilution of dischargescannot be detennined simply by calculating 
the discharge rate and thea te  of receiving water flow (Le., the 
design flow). For example, tidal frequency and amplitude vary 
significantly in. different coastal regions of the United States. 
Furthermore, tidal influences at any specific location have daily 
and monthly cycles. These and additional factors require that 
direct, empirical steps be taken to ensure that basic dilution 
characteristics of a discharge to salt water are determined. 

In estuaries without stratification, the critical dilution condition 
includes a combination of low-water slack at spring tide for the 
estuary and design low flow for M n e  inflow. In estuaries with 
stratification, a site-speufic analysis of a period of minimum strati- 
fication and a period of maximum stratitication, both at low- 
water slack, should be made to evaluate which one results in the 
lowest dilution. In general, minimum stratification is associated 
with low river inflows and large tidal ranges (spring tide), whereas 
maximum stratification is associated with high river inflows and 
low tidal ranges (neap tide). 

After either stratified or unstratified estuaries are evaluated at 
critical design conditions, an offdesign condition should be 
checked. The offdesign condition (e.g., higher flow or lower 
stratification) recommended for both cases is the period of maxi- 
mum velocity during a tidal cycle. This offdesign condition 
results in greater dilution than the design condition, but it causes 
the maximal extension of the plume. Extension of the plume into 
critical resource areas may c a w  more water quality problems 
than the hightoncentration, lowdilution situation. 

Recommendations for a critical design for coastal bays are the 
same as for stratified estuaries. The period of maximum stratifica- 
tion must be compared with the period of minimum stratification 
in order to select 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 design periods for ocean analyses are described in two 
separate documents, the Section 301 (h) Technical Support Docu- 
ment [U] and the Section 301 (h) document, Mia/ Mixing Char- 
acteristics of Municipal Ocean Dischoqes [24]. The following sub- 
section contains a summary from these documents. Like dis- 
charges to estuaries, discharges to ocean waters are subject to 
two-dimensional horizontal flows. Oceanic critical design periods 
must include periods with maximum thermal stratification, or 
density stratification. These periods shorten the distance of verti- 
cal diffusion that occurs in the zone of initial dilution. Thus, 
during these periods it is difficult to achieve the recommended 
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 
(spring tide and neap tide currents), wet and dry weather periods, 
biological conditions, or water quality conditions that indicate 
that water quality standards are likely to be exceeded should also 
be noted. The 10th percentile value from the cumulative fre- 
quency of each parameter should be used to define the period of 
minimal dilution. 

4.4.3 6 " l l l a m " W w W  TracnStudies 
A tracer or dye study can be used to determine the areal extent of 
mixing in a waterbody, the boundary where the effluent has 
completely mixed with the ambient water, and the dilution that 
results from the mixing. Analysis of the mixing zone with a dye 
study that is supplemented with modeling should be performed 
at flow conditions that approach critical flow. Some of those 
design conditions are summarized above in the subsections deal- 
ing with specific waterbodies. Once the critical design condition 
has been selected for a waterbody, dye studies can be performed 
to prokide data on the dimensions and dilution of the wastewater 
plume during this critical period. Tracer studies other than dye 
studies (e.g., chloride, lithium) can be performed for cases in 
which the receiving water is amenable to such tests. 

For WIA studies in which a discharge is already in operation, 
tracer studies can be used to determine specific concentration 
isopleths in the mixing zone that reflect both discharge-induced 
and ambient-induced mixing. The isopleth concentrations, with 
effluent toxic concentrations, should be supenmposed over a 
map of the various resource zones of the waterbody. The map 
will illustrate whether the State's mixing zone dimensions are 
exceeded, whether the required zone of passage is provided, and 
whether the plume avoids critical resource areas. The WLA can 

. then be calculated to provide the appropriate zone of passage 
and to prevent detrimental impacts on spawning grounds, nurs- 
eries, water supply intakes, bathing areas, and other important 
resource areas. 

Obviously, if the outfall is not yet in operation, it is impossible to 
determine dischargeinduced mixing by tracer studies. Tracer 
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studies can be used in these situations to determine characteristics 
of the ambient mixing. For ambient mixing studies, the tracer 
release can be either instantaneous or continuous. Instantaneous 
releases are used frequently to measure longitudinal dispersion, 
but can also be used to determine lateral mixing in rivers [15] and 
lateral and vertical mixing in estuaries, bays, reservoirs, and lakes. 
For waterbodies with significant flow velocities, continuous re- 
leases of tracer are normally used to determine lateral and vertical 
mixing coefficients. Continuous releases can also be used to 
determine three-dimensional concentration isopleths for steady- 
state conditions. The tracer study must be made at critical design 
conditions in order to use.the results directly for WLAs. If a tracer 
study for ambient mixing is conducted at near-to-design condi- 
tions, the observed data can be used to determine dimensionless 
mixing coefficients. These coefficients can then be extrapolated 
to critical conditions using hydraulic parameters [15]. A tracer 
study at near-tocritical conditions also can be used to determine 
the computer model required to predict criticalsondition mixing 
and provide the coefficients needed for that TMDL model. 

A number of references provide information concerning the de- 
sign, conduct, and analysis of tracer studies for mixing analyses. 
Techniques of Wurer-Resoutres lnvesfiguti0nJ of the USCS provides 
the best overview of how to conduct tracer studies [ZS, 26,271. 
The fluorescent dyes (usually Rhodamine wr>, m'easuring equip 
ment, fluorometers, field and laboratory procedures, and calcula- 
tion methods are all discussed. The procedures essentially consist 
of adding dye to the w9erbody and recording concentrations of 
the dye at various stations at speufic time intervals. Examples of 
tracer studies for river systems are presented in Fischer [28]; Kisiel 
[29]; Holley and lirlca 1151; and Yotsukura, Fisher, and Sayre [30]. 
Examples of tracer studies in tidal systems are presented in Wilson, 
Cobb, and Yotsuku_ra [31] and Hetling and O'Connell[32], both 
of which are studjes of $e Potomac River estuary; Baily [33], a 
study of Suisun Bay in Caliiomia; Fixher [34], a study of Bolinas 
Lagoon, a coastal bay in Marin County, Califomia; and Crocker et 
al. [35], a study of Corpus Christi Bay, Texas. Methods to perform 
a tracer study in a reservoir are provided in johnson [36]. 

The dye study recommended for obtaining a quick saltwater 
dilution assessment is one in which Rhodamine WT dye is admin- 
istered to a discharge and monitored in the receiving waters for 
not less than 24 hours. The basic goal of this study is to determine 
the near-field nature of the effluent dilution, not the steady-state 
or far-field dilution. The environmental and discharge conditions 
selected for the study should be those that would elicit "worst- 
case" conditions (i.e., highest ambient concentrations in the re- 
ceiving water). These include low wind, neap tide (tide of mini- 
mum range occurring during the 1st and 3rd quarters of the 
moon), plume trapping by density stratification, low rainfall and 
low riverine input, and, if possible, high effluent discharge. 

The dye should be administered to the effluent before discharge 
to the receiving water in proportion to effluent flow rate. Dye 
should be maintained at a concentration in the effluent sufficient 
to permit detection of the dilution ratio of interest when the 
amount and variability of background fluorescence in the receiv- 
ing water are taken into account. Measurements of dye concen- 
tration are made using a fluorometer and should be corrected for 
water temperature. 

A survey of background fluorescence and its variability in the 
anticipated mixing zone must be conducted just prior to the 
beginning of the study in order to permit cocrection of fluores- 
cence data and to determine the dye concentration required in 
the effluent. Since Rhodamine Wf dye is bleached by free chlo- 
rine, a preliminary study of the degree of dye bleaching by the 
effluent should precede the study for chlorinated discharges to 
avoid underestimation of the extent of the mixing zone. Dye 
concentrations should be surveyed for two successive slack tides, 
and for any other conditions that could lead to concentration 
maxima. Surveys should extend from the point of discharge to a 
distance at  which the effluent dilution ratio of interest is attained. 
The dye fluorescence at this point should be at  least twice the 
variability in background fluorescence. 

EPA has completed two TMDL studies to test the procedures 
outlined in the previous version of this document. Both studies 
used dye to determine the mixing zone and the dilution within it. 
The first study was performed on the Amelia River, an estuarine 
system in Florida [2]; the second was performed on the Creen- 
wich Cove, an embayment of Narragansett Bay in Rhode Island 
[37]. In both studies, Rhodamine Wf 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 Dischaqe-indud Mixing 
The first stage of mixing is controlled by discharge jet momentum 
and buoyancy of the effluent (see Figure 4-2). This  stage gener- 
ally covers most of the regulatory or near-field mixing zone. It is 
particularly important in lakes and reservoirs and slow moving 
rivers since ambient mixing in those waterbodies is minimal. 

In shallow environments, it is important to determine whether 
near-field instabilities occur. These instabilities, associated with 
surface and bottom interaction and localized recirculation cells 
extending over the entire water depth, can cause buildup of 
effluent concentrations by obstructing the effluent jet flow. There 
are no simple means to estimate dilution in these cases. Criteria 
for these instabilities and specialized predictive models have been 
developed to address these problems [13]. 

In the absence of near-field instabilities, horizontal or nearly hori- 
zontal discharges will create a clearly defined jet in the water 
column that will initially occupy only a small fraction of the 
available water depth. The following equations and models are 
designed to describe mixing under stable near-field conditions. 

1) Use of a Simplistic Screening Equation 

A minimum estimate of the initial dilution available in the vicinity 
of a discharge can be made using the following equation denved 
from information in Holley and jirka (1 986) (1 51: 

X 5=0.3 2 
where 

S = flux-averageddilution 
x = distancefromoutlet 
d = diameter of outlet. 
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c) Deep-water. high-buoyancy, ,nonvertical discharge 

born - 
d) Shallow-watec low-buoyancy. nonvertical discharge 

Figure 4-2 Example of Discharge-Induced Mixing [A 

The coefficient 0.3 represents the average of two values derived 
from the literature, 0.28 [16] and 0.32 081. 

The equation provides a minimum estimate of mixing because it 
is based on the assumptions that outlet velocity is zero and the 
discharge is neutrally buoyant Dilution may be underestimated 
for partially full pipes because the equation assumes a fully flow- 
ing pipe. The equation can be used in inverse form to solve for 
the discharge x at which a desired solution-for example, that 
corresponding to the CMC-has been achieved. The equation is 
valid only close to the discharge, up to a-distance corresponding 
to several (two to three) water depths. At longer distances, other 
factors are of increasing importance in jet mixing and must be 
included. 

Mixing graphs that include the effects of discharge buoyancy, 
ambient velocity, and stratification can be found in Holley and 
lirka [15], Fischer et al. [16], and Wright [39]. They are useful to 
account for these other initial dilution factors and can aid in 

determining whether criteria will be met at the edge of the 
regulatory mixing zone. 

2) Use of Detailed Computer Models 

More detailed design data for the mixing zone can be obtained 
from the use of computer models based on integral jet tech- 
niques. It is important to note that most modds,represent an 
idealization of actual field conditions and must be used with 
caution to ensure that the underlying model assumptions hold for 
the sitespecific situation being modeled. In general, these buoy- 
ant jet models require the following input data: discharge depth, 
effluent flow rates, density of effluent, density gradients in receiv- 
ing water, ambient current speed and direction, and outfall char- 
acteristics (port size, spacing, and orientation). Model output 
indudes the dimensions of the plume at each integration step, 
time of travel to points along the plume centerline, and the 
average dilution at each point 

Described below are six mixing zone models that are available 
through EPA. All of the models require a user who is well versed in 
mixing concepts and the data necessary to run the models. The 
first model, CORMIX [40,41], may be the most useful to regula- 
tors since it is an expert system that guides the user in selecting an 
appropriate modeling strategy for rivers or estuaries. It is available 
from the National Technical Information Service (NTIS), and user p 
support is available from the US. EPA CEAM. The other models L 
were developed and designed for ocean discharges. All but one 
can be used on rivers, lakes, and estuaries with appropriate input 
modifications; UPLUME is restricted to stagnant water environ- 
ments where the ambient water current velocity is zero (e.g., 
lakes, reservoirs). 

L 

These five models were designed for submerged discharges in 
oceans. They all report dilution, and all terminate execution 
when the vertical ascent of the plume is zeio (e.g., when the - 
plume 'reaches the surface or when plume density is equal to L 
ambient density in some stratified systems). With the exception 
of CORMIX1, they all assume that there is a "deep" receiving 
stream (Le., no bottom interference), They too are available from 
NTIS, and user'support is provided by the US. EPA Hatfield 
Marine Science Center in Newport, Oregon [24]. These five 
models have been modified such that the user inputs the data 
into a universal data format that allows the user to apply any of 
the fiw models with only minor input changes. 

7- 

iL CORMIX is a series of software elements for the analysis and 
design of a submerged buoyant or nonbuoyant discharge 
containing conventional or toxic pollutants and entering 
into stratified or unstratified watercourses, with emphasis 
on the geometry and dilution characteristics of the initial 

. . ... mixing rdne. -Subsystem CORMIX1 deals with single-port 
discharges, and subsystem CORMlX2 addresses multiport 
diffusers. The system operates OR microcomputers with the 
MS-DOS operating system. CORMIX1 can summarize dilu- .- 
tion characteristics of the proposed design, flag undesirable IL 
designs, give dilution characteristics at specified boundaries 
(i.e., legal and toxic mixing zones) and recommend design 
alterations to improve dilution characteristics. The CORMIX1 
program guides the user, based on the user's input, to 
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appropriate analyses of design conditions and mixing zone 
dimensions. 

UPLUME is an initial dilution model that can be used for 
stagnant waterbodies, such as lakes and resetvoirs, where 
the ambient currents can be assumed to be zero. The 
model simulates a submerged single-port discharge. The 
bouyancy between the effluent and ambient water can be 
accounted for, and the discharge can be given a vertical 
angle. UPLUME calculates flux-averaged dilutions and, for 
one output option, a centerline dilution. 

UOUTPLM can be used in flowing and stagnant waterbodies. 
The user specifies the current speed of the ambient water, 
and this speed is assumed to be constant with depth. The 
model simulates a submerged single-port discharge. Buoy- 
ancy between the effluent and ambient water can be mod- 
eled, as well as the discharge vertical angle. The ambient 
current is assumed to be perpendicular to the diffuser. 

UMERCE is a model that can also be used for both flowing 
and stagnant waters. It has capabilities that UOUTPLM 
does not have: it considers multiple submerged portr, and 
the user can specify arbitrary ambient current speed varia- 
tions with depth. The ports are assumed to be equally 
spaced. The model accounts for adjacent plume interfer- 
ences over the course of the plume trajectory and in the 
subsequent dilution calculation. Positive buoyancy is ac- 
counted for, and ttik discharge vertical angle can be modi- 
fied. The ambient current is assumed to be perpendicular 
to the diffuser, 

UDKHOEN is a three-dimensional model that can be used 
for flowing ana stagnant WateMies. It has all the capa- 
bilities of UMERCE pus the ability to simulate instances 
where the ambient current flow is not perpendicular to the 
diffuser. 

UUNE models a vertical slot jet discharge into a flowing 
waterbody. The discharge angle is assumed to be perpen- 
dicular to ambient current. The ambient current may vary 
with depth, and the axis of the diffuser may range from 
parallel to perpehdicular to the ambient current. The buoy-. 
ancy of the effluent can also be modeled. 

An evaluation and comparison of all these models can be found in 
the Technical Guidance Manual for Penbrming Wasteload Alkxa- 
rions--Book 3, Estuaries [7]. 

4.4.5 Ambient-induced Mixing 
The equations for discharge-induced mixing can. be usec-to pre- 
dict concentrations in the regulatory mixing zone where strong 
jet mixing predominates over ambient mixing. Beyond this point, 
the mixing is controlled by ambient turbulence. Thus, ambient 
mixing models must be used to predict the pollutant concentra- 
tion distributions up to the stage of complete lateral mixing to 
provide boundary conditions for the completely mixed fate and 
transport models described in Section 4.5. This information also 
may be needed to estimate concentrations encountered at impor- 
tant resource areas or at subsequent downmeam dischargers. 

. -  

If there is no discharge-induced vertical mixing associated with 
the jet action of the discharge, then mixing over the depth of the 
waterbody must be accomplished by ambient mixing. For a 
neutrally buoyant, soluble effluent discharged with low velocity at  
the surface or at the bed of a stream, the flow distance required to 
achieve complete vertical mixing is on the order of 50 to 100 
times the depth of water in that portion of the channel where the 
effluent is discharged [42]. For a discharge that is either lighter 
(positively buoyant) or heavier (negatively buoyant) than the 
ambient water, but still has no excess momentum, the flow 
distance for mixing over the depth will be greater. In the normal 
case with a high-velocity jet designed to prevent lethality in the 
mixing zone, mixing over the depth will be accomplished prima- 
rily by jet action, and the distance required for this vertical mixing 
will be much shorter. 

In general, ambient mixing must also accomplish mixing over the 
width of a waterbody to bring the effluent to the completely 
mixed condition. For situations where the width of the zone that 
is-mixed by the discharge-induced mixing is much smaller than 
the width of the river, the flow distance (X,) required to achieve 
the completely mixed condition may be estimated from an equa- 
tion of the form [16]: 

where 
W = width of the river 
u = flow velocity for the critical design flow 
Dy = lateral dispersion coefficient as discussed below 
m = a parameter whose value depends on the degree of 

uniformity used to define “complete mixing” and 
on the transverse location of the outfall in the 
stream. 

If completely mixed conditions are defined as a 5-percent varia- 
tion in concentration across the stream width, the value of m 
would be approximately 0.1 for a discharge near the center of 
river flow (not the center of river width) and approximately 0.4 for 
a discharge near the edge of the river. If, because of other 
uncertainties, a 25-percent variation across the width is accepted 
as being completely mixed, then the corresponding values for m 
would be approximately 0.06 for a discharge near the center of 
river flow and approximately 0.24 for a discharge near the edge of 
the river. For a very small stream, X, may be only a few hundred 
feet; for medium and large streams, X, is normally several miles 
to several tens of miles. 

The lateral dispersion coefficient (Dyj for most rivers can be 
calculated with the following equation [16]: 

Dy = 0.6 du’ 50% 
where 

d = water depth at design flow 
U. = shearvelocity. 

The coefficient (0.6) can vary from 0.3 to above 1 .O depending, 
on the type and degree of irregularity of the channel cross- 
sections. The more straight and uniform the flow, the lower the 
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value; the more irregular the flow (resulting from curves, sidewall 
.interference, etc.), the higher the value. Values approaching and 
exceeding 1.0 are normally assodated with significant channel 
meandering [42]. The following equation for shear velocity should 
be used [16]: 

U* = (gds)ll2 
where 

g = acceleration due to gravity 
s = slopeof thechannel 
d = waterdepth. 

For diffusers that initially spread the discharge across a significant 
part of the river width or for cases where the discharge-induced 
mixing causes mixing across a significant part of the river width, 
the values of m and X, can be smaller than the ones indicated 
here. For distances greater than X, the models for completely 
mixed effluents discussed in Section 4.5 can be us& to calculate 
concentrations at these distances, For shorter distancq maxi- 
mum concentrations can be much greater than those predicted 
by "completely mixed" models and should be estimated using 
the following equation: 

c, = CeQeW 
Q,(xDyX/u)l l2 

where 
c, = 

c, = 
Qe = 
Qs = 
Dy = 
x =  
w =  
u =  

maximum pollutant concentration distance x from 
theoutlet- . 
effluent concentration 
design effluent flow 
design &am flow 
lateral dispersion coefficient 
distance f" the outlet 
streamwidth - 
flow velocity for the design flow. 

It should be noted that this estimate of C, is a worst-case predic- 
tion since the equation assumes no significant discharge-induced 
mixing and a neutrally buoyant effluent. A more accurate way to 
predict concentrations within this second stage of mixing is to use 
the methods of Yotsukura and Sayre [42]. To use this approach, 
however, the value of Dy and pollutant concentrations after dis- 
charge-induced mixing must be known from tracer studies and/ 
or from the use of one of the discharge-induced models. 

The P N  model can be used to predict ambient mixing in shallow, 
freshwater streams where water depth is small in proportion to 
the width. P N  is a steady-state, two-dimensional plume model 
that predicts dilution of a surface discharge into a shallow receiv- 
ing water where the plume attaches to both bottom and nearshore 
[43]. Uniform vertical mixing is assumed to occur at the point of 
discharge. 

Ambient mixing is minor for lakes and reservoirs because flow 
velocity is assumed to be minimal and mixing is accomplished by 
means of the discharge momentum and buoyancy. For estuaries 
that are completely mixed with regard to salinity, the equations 
presented above can be used to estimate concentrations between 
the outlet and the point of complete mixing with a slight modifi- 
cation of shear velocity. The above equations will be applicable to 
only unstratified estuaries since the time required to mix across 
the estuary must be significantly less than the time required for 

the effluent to pass out of the unstratified part of the estuary, the 
time required for the effluent to pass into a segment of greatly 
changed cross-section, or the time required for the substance to 
decay. When the above equations for estuaries are used, the 
velocity of the design flow should include the velocity associated 
with the inflow of freshwater as well as the tidal velocity; thus ut, 
which is based on an average total velocity; is substituted for u in' 
the equations and shear velocity becomes 

I 
u' = 0.1 0 Up 

The CORMIX expert system model can also be used to obtain 
predictions for the ambient-induced mixing. In addition to the 
routines for discharge-induced mixing, th i s  model also includes 
predictive elements that apply to ambient mixing in riverine, lake, 
or coastal situations. L 

4.5 WMWmUY MIXED DlSCHARGERECUVlNG WATER 
SITUATIONS 

At the present time, most States and EPA Regions use steady-state 
models that assume the wastewater is completely mixed with the 
receiving waters in order to calculate WLAS for c0ntaminants.T 
This approach is appropriate for conventional contaminants where 
critical environmental effects are expected to occur far down- 
stream from the source. WlAS for toxic chemicals require a 
different approach, however, because critical environmental con- 
ditions occur near the discharge before complete mixing with the 
receiving water OCCUK. Consequently, mixing analyses should be 
performed because many of these toxicants can exert maximal 
toxicity in a variety of regions spanning from the discharge point 
to significant distances downstream. - 
If complete mixing occurs near the discharge point, such as in 
effluentdominated receiving streams, then steady-state models 
may be used to calculate TMDLS. Recent EPA developments in 
the identification of critical design f lows based on toxicological 
concerns provide for better use of steady-state models in calculat- 
ing toxic WLAS. However, if complete mixing does not occur near 
the discharge point and the effluent plume is dixemible downriver, 
then modeling techniques that can simulate and predict mixing 
conditions are more appropriate. The mixing zone models pre-,- 
sented in the previous section may be used to define the mixin9.k 
zone. However, they only determine the dispersion and dilution 
of the effluent and do not account for chemical or biological 
processes in the mixing zone. TMDL models are available that 
can simulate mixing processes and predict areas of maximal 
concentrations in the receiving stream based on chemical, bio- 
logical, and physical processes. 

45.1 Wastelaad Welling Techniques - 
1) Steady-State Modeling Techniques I 

A steady-state model requires single, constant inputs for $fluent 
flow, effluent concentration, background receiving water concen- 
tration (RWC), receiving water flow, and meteorological condi- 
tions (e.g., temperature). The frequency and duration of ambient 
concentrations predicted with a steady-state model must be as- 
sumed to equal the frequency and duration of the critical receiv- 
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ing water conditions used in the model. The variability in effluent 
flows and concentrations also affects RWG, but these effects 
cannot be predicted with constant inputs. Steady-state models 
can be improved for toxic WLAS by means of the following: 

Using design flows that will ensure criteria compliance at 
the appropriate duration and frequency. 

Calculating both acute and chronic WLAS. 

EPA is encouraging the States to adopt two-number aquatic life 
water quality criteria and is using them in WIA studies. Ambient 
water quality criteria have been established for numerous toxic 
pollutants. These criteria speufy an acute concentration (CMC) 
and a chronic concentration (criteria continuous concentration, 
or CCC) for each toxicant, as well as durations and frequencies of 
exposure for the two concentration levels. The design flows used 
in steady-state modeling should be reflective of the CCC and 
CMC durations and frequencies. The duration of the design flow 
is based on the maximum exposure time that will prevent acute 
and chronic effects. The duration of flow is assumed to apply to 
the duration of the allowable effluent concentration or load. For 
example, if the flow used is a 7day average value, the allowable 
load is considered to be a 7day average. The retum frequency is 
based on the number of years required for biological population 
recovery after criteria have been exceeded. Appendix D describes 
the toxicological basis for selecting receiving stream design flows 
for steady-state modeling and recommends specific design flows 
for CCC and CMC calculation of TMDLS for rivers and streams. 

In summary, therCare two types of design flows, hydrologically 
based and biologically based. The hydrologically based design 
flows are those w o n a l l y  used by the States, in which the 741 0 
flow is used as the CCC design flow and the 1 410 is used as the 
CMC design flow. The biologically based method uses the 1 day, 
3-year duration-frequency for determining the CMC design flow 
and the 4-day, 3-year duration-frequency for determining the 
CCC design flow. Consequently, the biologically based design 
flows are based on specific toxicological effects of a pollutant and 
biological recovery times from localized stresses [6]. The advan- 
tages of both types, as well as how they may be calculated, also 
are described in Appendix D. 

A Uay,  3-year biological design flow does not equate to a 443 
hydrological design flow. EPA has determined that a 443 design 
flow would result in an excessive number of water quality criteria 
exceedances. As explained in Appendix D, a hydrologically based 
741 0 will, for most streams, be similar to a biologically based 4- 
day, 3-year design flow. 

At the present time, there are no recommended toxicological 
flows for steady-state modeling of lakes;. reservoirs, or estuaries. 
The design conditions recommended for these waterbodies in 
Section 4.4.2 are based on hydrological and meteorological con- 
ditions rather than on toxicological duration and frequency data. 
These conditions should be used until further guidance is pro- 
vided. 

Another improvement in steady-state toxics modeling can be 
realized by performing two separate W k ,  one for the CMC and 
one for the CCC. Steady-state WIA models should be used to 
calculate the allowable effluent load that will meet the CMC at the 

acute design flow and the allowable load that will meet the CCC 
at the chronic design flow. Calculation of these values will enable 
the permit writer to calculate the more limiting long-term average 
(LTA) for the treatment system and develop permit limits protec- 
tive of both WLAS (see Chapter 5). 

In addition to stream design flow, steady-state models require 
design temperature, pH, alkalinity, and hardness, depending on 
the pollutants modeled at site-specific conditions. To determine 
stream design temperature, pH, alkalinity, and hardness, a pro- 
gram called DESCON was developed. (See Appendix D for 
additional information.) DESCON is a computer program that 
estimates design conditions for WIA modeling. These conditions 
are based on maintaining a desired limit on the frequency of 
water quality excursions in a receiving water. DESCON considers 
the effect that daily fluctuations in stream flow and water quality 
conditions, such as temperature and pH, have on the variability of 
the capability of a receiving water to accept pollutant loadings. It 
specifically accounts for the within-year correlations observed 
between such variables as stream flow, temperature, pH, alkalin- 
ity, hardness, and dissolved oxygen. DESCON determines design 
conditions using a four-step process (see Figure 4-3): 

1) A long-term record of observed stream flows and pertinent 
water quality data are assembled or synthesized. 

2) The maximum allowable pollutant load that the receiving 
water can accept without causing a water quality excursion 
is computed for each day of this record. 

3) This synthesized record of allowable loads is searched for 
the critical load, i.e., the load whose frequency of not being 
exceeded matches the desired water quality excursion fre- 
quency. 

4) Design conditions are then derived from receiving water 
conditions realized during the period of record when the 
computed allowable load was closest to the critical load. 

DESCON provides the same advantages as continuous simulation 
by considering the joint occurrences of stream flow and other 
water quality parameters as observed in the historical record. In 
addition, it is more computationally efficient; it contains a facility 
for extracting and analyzing flow and water quality data from 
STOR- it can use both the extreme value and the biologically 
based methods of calculating of water quality excursions; and it is 
specifically designed to handle such pollutants as ammonia, heavy 
metals, pentachlorophenol, and biochemical oxygen demand 
(BOD) for which water quality criteria are functions of such design 
condition variables as temperature, pH, alkalinity, hardness, and 
dissolved oxygen. The main limitations of DESCON are that I! 
requires at least.10 years of historical daily flow data and it can 
only analyze a single discharger, edge-of-mixing zone situations 
(or a simplified Streeter-Phelps dissolved oxygen response for 
BOD). 

2) Dynamic Modeling Techniques 

Steady-state modeling considers only a single condition; effluen) 
flow and loading are assumed to be constant. The impact of 
receiving water flow variability on the duration for which and 
frequency with which criteria are exceeded is implicitly included 
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Figure 4 3 .  Computational Scheme for Deriving Design Conditions 

in the design conditions if these conditions reflect the desired 
toxicological effects regime. Dynamic modeling techniques ex- 
plicitlv predict the effects of receivina water and effluent flow and 

The dynamic modeling techniques have an additional advantage 
over steady-state modeling in that they determine the entire -IF- 

effiuent concentration frequency distribution required to produce -fit . , .  
of concentration variability. The thke dynamic modeling tech- 
niques recommended by €PA for WLAS are continuous simulation, 
Monte Carlo simulation, and lognormal probability modeling. 
These methods calculate a probability distribution for RWG rather 
than a single, worst-case concentration based .on critical condi- 
tions. Prediction of complete probability distributions allows the 
risk inherent in alternative treatment' strategies to be directly 
quantified. 

- 

The use of probability distributions in place of worst-case condi- 
tions has been accepted practice for years in water resource 
engineering, where it was found to produce more cost-effective 
design of bridge openings, channel capacities, floodplain zoning, 
and water supply systems. The same cost4fectkness can be 
realied for pollution controls if probability analyses are used. 

the desired frequency of criteria-compliance. Maximum daily and 
monthly average pennit limits can be obtained directly from the 
effluent LTA concentration and coefficient of variation (cv) that 
characterize this distribution. Generally, steady-state modeling 
has been used to calculate only a chronic WLA. Steady-state 
modeling generates a single allowable effluent value and no 
information about effluent variability. If the steady-state model is 
used to calculate both acute and chronic wasteloads, limited 
information will be provided and the entire effluent distribution 
will not be predicted. Steady-state WLA values can be more 
difficult to use in permits and enforcement because of the variable 
nature of the receiving waterbody and the effluent. The outcome 
of probabilistic modeling can be used to ensure that permit limits 
are determined based on best probability estimates of RWG 
rather than a single, worst-case condition. k a result, maximum 
daily and monthly average permit limits, based on compliance 
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with water quality criteria over a >year period, can be obtained 
directly from the probability distnbution. 

Continuous Simulation Models. As shown in Figure 44, a 
continuous simulation model uses daily effluent flows (Q) and 
concentration data (&) with daily receiving water flow (QJ and 
background concentration data (CJ to calculate downstream 
RWG [44]. The model predicts these concentrations in chrono- 
logical order with the same time sequence as the input variables 
(cb versus time). The daily RWG can then be ranked from the 
lowest to the highest without regard to time sequence. A prob- 
ability plot can be constructed from these ranked values, and the 
occurrence frequency of any 1 day concentration of interest can 
be determined (cb versus frequency). Running average concen- 
trations for 4 days &e., the chronic design flow), or for any other 
averaging period, also can be computed from the daily concen- 
trations (Figure 4-5). 

The probability plot generated by the continuous simulation model 
using existing effluent data will indicate whether criteria are pre- 
dicted to be exceeded more frequently than desired. Appendix D 
discusses how to select the appropriate allowed frequency of 
excursions based on the biological recovery period required for a 
specific waterbody. If recurrence intervals of 10 or 20 years are 
desired, at least 30 years of flow data should be available to 
provide a sufficient record to estimate the probability of such rare 
events. Of the 30 years of required flow data, at least 20 to 25 
years should be continuous daily data, with the remaining years 
represented with only' iritermittent data. The data should be 
examined to verify that the receiving stream has not undergone 
significant hydrological modification. The data also should be 
examined to determine if there were any long-term changes due 
to technology-based treatment or periodic changes due to indus- 
trial or municipal phnt dosings or expansions. The same data 
requirements are also true-for the lognormal probabilistic and 
Monte Carlo methods. However, except for the continuous 
simulation models, other nonsteady-state models in this section 
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Figure 44. Frequency of Occurrence of Concentrations in 
Receiving Waters and Recurrence Intervals Generated 

by a Continuous Simulation Model 

cannot be used to account for the duration and frequency pmi -  
sion of the twonumber water quality criteria. Users are cautioned 
about the specific limitations of some of the dynamic models 
included here. Continuous simulation models have the following 
advantages compared to steady-state formulations: 

The frequency and duration of toxicant concentrations in a 
receiving water can be predicted. 

The crosstorrelation and interaction of time-varying pH, 
flow, temperature, pollutant discharges, and other param- 
eters are incorporated. 

The effect that the serial correlation of daily flows and other 
parameters has on the persistence of criteria excursions is 
incorporated. 

Long-term stream flow records for ungauged rivers using 
precipitation and evapotranspiration data can be synthe- 
S i z e d .  

Long simulation times can prevent the initial conditions 
used in the model from affecting the calibration of fate and 
transport pmesses. 

Unlike steady-state models, continuous simulation models require 
significantly more data to apply, to calibrate, and/or to verify a 
specitic problem and require that input information for the appli- 
cation of the model be time-series data. Also, the model results 
need manipulation to calculate the effluent LTA concentration 
and CV for use in developing effluent limits. 

Monte Carlo Simulation Models. Monte Carlo simulation com- 
bines probabilistic and deterministic analyses since it uses a fate 
and transport mathematical model with statistically described 
inputs. Monte Carlo simulations have been the most frequently 
used approach in stochastic water quality studies [45-511. The 
probability distributions of effluent flow, effluent concentration, 
and other model input must be defined using the appropriate 
duration for comparison to the CMC and CCC. If 1 d a y  average 
RWG must be predicted for CMC comparisons, probability distn- 
butions of daily model input data are needed for Monte Carlo 
simulation. If 4-day average concentrations must be predicted for 
CCC comparisons, the probability distributions of 4-day average 
input data are required. The computer selects input values from 
these distributions using a random generating function. The fate 
and transport model is repetitively run for a large number o f  
randomly selected input data sets. The result is a simulated 
sequence of RWG. These concentrations do not follow the 
temporal sequence that is calculated with the continuous simula- 
tion model, but they can be ranked in order of magnitude and 
used to form a frequency distribution. Monte Carlo analyses can 
be used with steady-state or continuous simulation models [52]. 

The approach for calculating the allowable pollutant load distri- 
bution using Monte Carlo simulation is the same as that described 
for the continuous simulation model. The advantages of Monte 
Carlo simulation are the following: 

I 

It can predict the frequency and duration of toxicant con- 
centrations in a receiving water. 
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It can be used with steady-state or continuous simulation 
models that indude fate processes for specific pollutants. 

It can be used with steady-state or continuous simulation 
models that indude transport processes for rivers, lakes, 
and estuaries. 

It can be used Ath  steady-state or continuous simulation 
models that are designed for single or multiple pollutant 
source analyses. 

. .  
It does not require time series data. 

It does not require model input data to follow a speufic 
statistical distribution or function. 

It can incorporate the uoss-correlation and interaction of 
time-varying pH, flow, temperature, pollutant discharges, 
and other parameters if the analysis is developed separately 
for each season and the results are combined. 

The primary disadvantages of Monte Carlo simulation are that it 
requires more input. calibration, and verification data than do 
steady-state models, and the model results need manipulation to 
calculate the effluent LTA concentration and CV to develop f l u -  
ent limits. 

Loanormal Probabilistic Dilution Model. Without resorting to 
the continuous simulation method of computing RWG in tempo- 
ral sequence, this probabilistic method uses the lognormal prob- 
ability distributions of the input variables to calculate probability 
distributions of output variables [53]. As a result, the method 
requires only the relevant statistical parameters of the input vari- 
ables (medians and cdwficients of variation) rather than the actual 
time series data n a e d  for continuous simulation. If l day  
average RWG must be predicted for comparisons with the CMC, 
lognomal probability distributions of daily input data are needed. 
If 4-day average concentrations must be predicted, the lognormal 
probability distributions of 4day average input data are required. 
Because this probabilistic model cannot, as yet, incorporate fate 
and transport processes, it Can be used to predict the concentra- 
tion of a substance only after complete mixing and before degra- 
dation or transformation significantly alters the concentration. 

The lognormal probabilistic dilution model has the following 
advantages: 

It can predict the frequency and duration of toxicant con- 
centrations in riverine environments. 

It does not require time series data. 
- .  . 

It can incorporate the cross-conelation and interaction of 
time-varying pH, flow, temperature, pollutant discharges, 
and other parameters if the analysis is developed separately 
for each season and the results are combined. 

The lognormal probability dilution model has the following disad- 
vantages: 

It requires more input than a steady-state model. 
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Figure 45.  Concentration Frequency Curves 

It does not include instream fate processes. 

It applies only to rivers and streams. 

It analyzes multiple pollutant sources inaccurately. 

It requires model input data to be lognormally distributed. - 
.k 

4.5.2 Calculatlng the Allowable Effluent Concentratiur 
D ~ ~ o n a n d t l r s R e d u n r p w f o d  

Information concerning effluent concentration means and van 
abilities can be obtained from data bases on existing treatmen 
plants and from development documents for specific industna 
point source categories. This information is available from the 
Industrial Technology Division of the Office of Water Regulation:‘ 
and Standards. These effluent data can be used with dynamic- 
models to determine what the effluent concentration distributior 
must be to meet water quality standards. Two possple a p  
proaches can be taken to determine this distribution regardless 01 
the type of dynamic modeling technique (i.e., continuous, Montc 
Carlo, or lognormal probabilistic). One approach is based on the  
simpliing assumption that treatment will change only the mag 
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nitude of effluent concentrations; no changes are assumed to 
occur in effluent flows or in the relative variability of effluent 
concentrations. With these assumptions, no additional model 
runs are needed to determine the allowable distribution for efflu- 
ent concentrations. The other a p p d  assumes that the re- 
quired effluent concentration distribution is the same as the exist- 
ing distribution except that it is reduced in magnitude by which- 
ever is greater-the percentage necessary for the l-day average 
concentrations to meet the CMC, or the 4-day average concen- 
trations to meet the CCC at the desired recurrence interval. 
Chapter 5 includes details on how permit limits are derived from 
the mean and coefficient of variation of effluent concentrations 
determined from this analysts. 

The second approach for determining the allowable effluent con- 
centration distribution is based on the assumption that effluent 
concentrations after treatment will not have the same CV as 
concentrations before treatment. Studies have documented that 
advanced secondary treatment increases the CV of BOD and total 
suspended solids concentrations compared to secondary treat- 
ment. Where feasible, investigations should be conducted to 
evaluate how treatment processes for heavy metals, organic chemi- 
cals, and effluent toxicity will change the variability of these 
constituents. The development documents mentioned above 
also provide some variability data for treatment processes. To 
account for a change in variability, an altematiw approach should 
be used to determine the allowable effluent distribution. Iterative 
model runs can be performed using different concentration means 
with the effluent wf;ture(treatmenr variance until a mean is 
found that meets the criteria at the desired recurrence intervals. 
These iterative model runs require stochastic generation of efflu- 
ent input data since daiQ effluent concentrations will not be 
available for the hypotfietical treatment schemes. The required 
"future treatment" niean and CV of effluent concentration can 
then be used to set --it Ik i ts (see Chapter 5). 

EPA's Office of Water Regulations and Standards developed an 
interactive preprocessor for DYNTOX that automatically creates 
input for continuous simulation modds, randomly selects the sets 
of input data required for Monte Cad0 simulations, and performs 
the numerical integration calculation for the lognormal probabi- 
listic model. DYNTOX is available from the EPA CEAM, Environ- 
mental Research Laboratory (ERL) [54]. If the observed data base 
is fairly complete but missing a few points, a linear interpolation 
scheme is used to fill in the missing data. If data are scarce, a lag- 
one Markov method is used to generate daily data stochastically. 
The lag-one Markov method uses the mean, standard deviation, 
and daily correlation coefficient of the observed data to create 
random sequences of data having the same statistical properties. 
The interactive program is written in FORTRAN and is available for 
use on mainframe or IBM PCtompatible computers. 

Two common methods exist to calculate the retum period for a 
given concentration from probabilistic modeling: the percentile 
method and the extrema method. The percentile method used 
by DYNTOX ranks a listing of all individual daily concentrations. 
The retum period for a concentration is then calculated based on 
the percentile occurrence. In the extrema method, only annual 
extrema values are used in the ranking. The retum periods 
calculated from these two methods are equally valid statistical 
representations. When using the percentile method, results ex- 

press an average retum period and multiple occurrences within 
any year. The extrema method describes the retum period for an 
annual extreme and indudes only the extreme of multiple occur- 
rences within a year. 

4.5.3 6enml Rscomnefidatlns f# Model Selection 
The reliability of the predictions from any of the modeling tech- 
niques depends on the accuracy of the data used in the analysis. 
The minimum data required for model input include receiving 
water flow, effluent flow, effluent concentrations, and background 
concentrations. In many locations, stream flow data should be 
sufficient for both steady-state and dynamic models. At least 30 
years of flow data should be available if excursions of the CMC 
and CCC must be evaluated a t  rare frequency of once in 10 or 20 
years. Measurements of effluent toxicity or individual toxicity can 
be much more limited. 

if only a few toxicant or effluent toxicity measurements are avail- 
able, steady-state assessments should be used. Modeling also 
should be limited to steady-state procedures if a daily receiving 
water flow record is not available; however, in effluentdominated 
situations, critical flow may be used to characterize the receiving 
stream. Appendix D describes how to select appropriate design 
flows if State regulations do not require a specific design flow for 
river WLAS. Fate and tFansport models or dilution calculations can 
be used for individual toxicants. At the present time, only dilution 
calculations or first-order decay equations are recommended for 
effluent toxicity analyses. Chapter 1 discusses the conservative/ 
additive assumption for toxicity. 

r. 

L 

If adequate receiving water flow and effluent concentration data 
are available to estimate frequency distributions, one of the dy- 
namic modeling techniques should be used to develop more 
cost-effective treatment requirements. If the effluent data exhibi! 
significant seasonal differences or batch process trends, the con- 
tinuous simulation approach may be the easiest dynamic model- 
ing method to use. The best results will, of course, be obtained if 
daily effluent flows and concentrations are available for model 
input for an entire year. The lag-one Markov technique can be 
used to generate daily effluent data for the entire simulation as 
long as adequate measurements for the stte-specific facility (or a 
similar one) are available to estimate a day-to-day correlation 
coefficient and to determine when seasonal or batch process 
changes in effluent quality occur. 

-- 
If adequate receiving water flow and effluent concentration data b. 

are available and if effluent data exhibit no seasonal or batch 
process trends, lognormal and Monte Carlo methods may be 
easier and require less computer time than the continuous simula- 
tion approach. 

4.5.4 Specific hiodd Re-nUlons 

F 
The following section recommends models for toxicity and tndi- 
vidual toxicants for each type of receiving water-rivers, lakes, 

models of individual toxicants are included in the toxic TMDL 
guidance available from the Monitoring Branch of EPA's Office of, 
Water Regulations and Standards [S, 6, 7] and Office of Research 
and Development [SS]. These manuals describe in detail the 

and manes. Detailed guidelines on the use of fate and transport Y 
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transport and transformation processes involved in water quality 
modeling. Transport processes indude the dispersion and adwc- 
tion of a contaminant once it enters the receiving stream; its 
volatilization from the water; and its sorption to suspended sedi- 
ment, eventual settling, and possible resuspension and diffusion 
from the sediment. Transformation processes indude the oxida- 
tion, hydrolysis, photolysis, biodegradation, and bioaccumulation 
of the chemical. 

Most wateiquality models were developed with an emphasis on 
the dynamics in the water column and the eventual water column 
concentrations. Several models, induding some of those listed 
below (EXAMS-II, WASP4) are now capable of simulating water 
column-sediment interactions (resuspension, settling, and diffu- 
sion), however, additional work needs to be completed on the 
mechanisms of sediment-water column exchange before the mod- 
els can be validated,for predictive applications involving sedi- 
ments. With the advent of sediment criteria in the next few years, 
it will be necessary to use models that predict concentrations in 
both receiving water and bed sediment. This will be of particular 
importance in areas where the sediments are contaminated to the 
point at which they act as the source of a pollutant to the water 
column. Table 4-2 lists and summarizes models that may be used 
for predicting the fate and transport of toxicants and that are 
supported by the EPA CEAM [56]. All the models, plus two 
bioaccumulation models, briefly are described below. 

DYNTOX [54] i.s a ,v model that uses a probabilistic 
dilution technique to estimate receiving water chemical 
concentrations or whole effluent toxicity fractions. The 
model considers dilution and net first-order loss, but not 
sorption and benthK exchange. The net loss rate must be 
determined empirically on a case-by-case basis and cannot 
be extrapolatqi to different conditions of flow, tempera- 
ture, solids, pH, or light. 

EXAMS-I1 [57] is a compartment model that can be used as 
either a steady-state or quasidynamic model designed for 
evaluation of the behavior of synthetic organic chemicals in 
aquatic ecosystems. It simulates a toxic chemical and its 

transformation products using second-order kinetics for all 
significant organic chemical reactions. EXAMS-II does not 
simulate the solids with which the chemical interacts. The 
concentration of solids must be user-specified for each 
compartment. The model accounts for sorbed chemical 
transport based on solids concentrations and specified trans- 
port fields. Sediment exchanges with the water column 
indude pore-water advection, pore-water diffusion, and 
solids mixing. The last describes a net steady-state ex- 
change associated with solids that is proportional to pore- 
water diffusion. 

WASP4 [58] is a generalized modeling framework for con- 
taminant fate in surface waters. Based on the flexible 
compartment modeling approach, WASP4 can be applied 
in one, two, or three dimensions, given the transport of 
fluxes between segments. WASP4 can read output files 
from the link-node hydrodynamic model DYNHYD4, which 
predicts unsteady flow rates in unstratified rivers and estuar- 
ies, given variable tides, wind, and inflow. TOX14, a subset 
of WASP4, simulates up to three interacting toxic chemicals 
and up to three sediment size fractions in the bed and 
overlying waters. First- or second-order kinetics can be 
used for all significant organic chemical reactions. Sedi- 
ment exchanges indude pore-water advection, pore-water 
diffusion, and deposition/xour. Net sedimentation and 
burial rates can be speufied or calculated. The output can 
be used with the two bioaccumulation models FCETS and 
KM2, which are described below. 

HSPF [59] simulates watershed hydrology and water quality 
for both conventional and toxic organic pollutants. HSPF 
incorporates the watershed-scale ARM and NPS models 
into a basin-scale analysis framework that indudes trans- 
port and transformation in one-dimensional stream chan- 
nels. The simulation provides a time history of the runoff 
flow rate, sediment load, and nutrient and pesticide con- 
centrations, along with a time history of water quantity and 
quality at any point in a watershed. HSPF simulates three 
sediment types (sand, silt, and clay) in addition to specific 
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Table 42. Toxicant Fate and Transport Models 

Model 
I --- 

Environment Time Domain Spatial Domain Chemical lk  

DYNTOX river 

EXAMS-II lake, river, 

WASP4 lake, river, 

HSPF river 

estuary 

estuary 

SARAH2 river 

MINTEQAZ lake, river, 
estuary 

dynamic 

steady-state, 
quasidynamic 
steady-state, 
dynamic 
dynamic 

steady-state 

steady-state 

far field, 
1 dimensional 
far field, 
3dimensional 
far field, 
3dimensional 
far field 
1 dimensional 
treatment plant, 
near field, 
2dimensional 
- 

organic, 
metal 
organic 

organic, 
metal 
organic, 
metal 
organic 

metal 
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organic chemicals-and transformation products of those 
chemicals. The reaction and transfer processes included are 
hydrolysis, oxidation, photdysis, biodegradation, volatiliza- 
tion, and sorption. Sorption is modeled as a first-order 
kinetic process in which a desorption rate and an equilib- 
rium partition coefficient for each of the three solid types 
must be specified. Resuspension and settling of silts and 
days (cohesive solids) are defined in terms of shear sWSS at  
the sediment-water interface. For sands, the system's ca- 
pacity to transport sand at a particular flow is calculated 
and resuspension or setding is defined by the difference 
between the sand in suspension and the calculated capac- 
ity. Sediment exchanges with surficial benthic sediments 
are modeled as sorption/desorption and deposition/xour. 
Underlying sediment and pore water are not modeled. 

SARAH2 [60] is a steady-state, near-field model for calculat- 
ing acceptable concentrations of hazardous organic chemi- 
cals discharged to land disposal or wastewater treatment 
facilities. Acceptable leachate or treated industrial waste 
discharge constituent concentrations are estimated by a. 
"back calculation" procedure startingfrom chemical safety 
criteria in surface water, drinking water, or fish. For steady 
or batch waste streams, SARAH2 considers the following 
concentration reductions: dilution and loss during treat- 
ment initial Gaussian mixing at the edge of a stream, 
lateral ana longitudinal diffusion in the mixing zone, sorp- 
tion, volatilization, hydrolysis, and bioaccumulation in fish. 
The user must s p k i f y  appropriate concentrations for pro- 
tection of the aquatic community and of humans exposed 
through comumption of fish and water. The benthic com- 
munity is not presendy considered. Treatment loss is handled 
empirically. SARAH2 contains data sets for three disposal- 
watershed Xenarios that can be easily modiied and em- 

. ployed. Th-e modais designed for screening analysis and 
contains numerous assumptions that should be verified 
before the model is used in actual cases. 

MlNTEQA2 is an equilibrium metals speciation model for 
dilute aqueous systems [61]. It does not have any transport 
and transformation pmesses and must be run with one of 
the above models. It can be used to calculate the mass 
distribution at equilibrium among dissolved, absorbed, and 
solid phases and the speues distribution within each phase. 
MINTEQA2 contains a chemical component data set for 
major ions commonly found in aqueous systems (e.g., Ca, 
Fe, and S), trace metals/metalloids of pollution interest 
(e.g., Cd, Cr, Ni, Pb, and Zn), and organic ligands of 
significant affinity for metal complexation. The model can 
be used to calculate the concentrations of adsorbed metals 
via any of seven different adsorption algorithms.. 

FCETS i s  a toxicokinetic model that simulates the 
bioaccumulation of nonpolar organic chemicals by fish from 
both water and food [62]. Both of these routes of ex- 
change are modeled as diffusion processes that depend 
upon physicochemical properties of the pollutant and mor- 
phological/physiological characteristics of the fish. FCETS 
contains a moderately sized data base of allometric relation- 
ships for gill morphology with which it can simulate the 
direct gill/water exchange of organic chemicals for essen- 
tially any fish species, assuming certain default values. FCM 

0 

also contains a limited data base of physioIogicaVmorpho- 
logical relationships that are used to set parameters for food 
exchange. In additiorl to simulating bioaccumulation of 
organic toxicants, FCETS can calculate time to death from 
chemicals whose mode of action is narcosis. This calcula- 
tion is based on the existence of a single, lethal, intemal 
chemical activity for such chemicals. The concentrations of 
toxic chemical to which the food chain is exposed may be 
specified by the user or may be taken directly from the 
values calculated by the exposure concentration model 
WASP4. Thus FGETS may be executed as a separate model 
or as a postprocessor to WASP4. 

K M 2  is a generalized model of the uptake and elimination 
of toxic chemicals by aquatic organisms 1631. It generates a 
mass balance calculation in which the rates of uptake and 
elimination are related to the bioenergetic parameters of 
the species. A linear food chain or a food web may be 
specified. Fish tissue concentrations are calculated as a 
function of time and age for each species included. Expo- 
sure to the toxic chemical in food is based on a consump- 
tion rate and predator-prey relationships that are specified 
as a function of age. Exposure to the toxic chemical in 
water is functionally related to the respiration rate. Steady- 
state concentrations also may be calculated. The concen- 
trations of the toxic chemical to which the food chain is 
exposed may be specified by the user or may be taken 
directly from the values calculated by the exposure concen- 
tration model WASP4. Thus K M 2  may be executed as a 
separate model or as a postprocessor to WASP4. Migratory 
species, as well as nonmigratory species, may be consid- 
ered. Separate nonmigratory food chains may be specified, 
and the migratory species is exposed sequentially to eacP 
food chain based on its seasonal movements. 

4.5.5 Effluent Tordcfty Modelling 
To apply the steady-state, continuous simulation, or probabilistic 
methods to effluent toxicity modeling, the percent effluent mea- 
surements should be converted to toxic units ('IUS). As discussed 
in Chapters 1,2, and 3, it is necessary to convert toxicity to units 
that can be directly related to mass. When comparing toxicity 
among chemicals, the relationship between toxicity and concen- 
tration is inverse; chemicals that have toxic effects at low concen- 
trations have a greater "toxicity" than chemicals that have toxic 
effects at higher concentrations. The modeling of toxic effluents 
is based on mass balance principles; therefore, toxicity need: IC 
be in units that increase when the percent of the effluent of the 
receiving stream increases. Thus, a TU is the reciprocal of the 
dilution that produces the test endpoint, i.e., acute toxicity end- 
point (ATE) or chronic toxicity endpoint (CTE). An acute toxic 
unit (TU,) is the reciprocal of an ATE. A chronic toxic unit FU,) IS 

the reciprocal of a CTE. The TMDL must ensure that the CMC 
and the CCC are met in the receiving water at  the desired 
duration and frequency. The CMC for toxicity is recommended 
as 0.3 TU,. This is a value that should prevent lethality unless the 
duration of exposure exceeds 1 hour. 

The CCC for toxicity measured with chronic tests is recommended 
as the following: lr 

ccc = 1 .o Tu,. 



The first step in the TMDL process is to calculate the altowable 
acute effluent toxicity that meets the CMC in the receiving water 
at the duration and frequency discussed in Appendix D. 

The next step in the TMDL process is to calculate the allowable 
chronic effluent toxicity that meets the CCC in the receiving water 
at the duration and frequency discussed in Appendix D. To 
compare theiallowable acute toxicity value to the allowable chronic 
toxicity value, the numbers must be converted to the same units 
as follows: 

~ 

where the acuteto-chronic ratio (ACR) is determined from tests 
on the effluent. It is important that the ACR used for TMDL 
purposes be based on actual data and not be assumed to be 10 or 
20, as in the screening procedure (Chapter 3). The value of th i s  
ratio will influence whether the acute or chronic TMOL is more 
stringent and is used to calculate the permit limit using the 
methods described in Chapter 5. 

At the present time, the fate of effluent toxicity in a receiving 
water is not fully understood. Even if a decay rate for toxicity can 
be measured on a given day in a site-speufic situation, there is no 
way as yet to know how this rate is affected by temperature, pH, 
or other environmental conditions. There is also no way to know 
how this rate may change when new treatment is installed. 
lnstream ,measurements of toxicity should be made at least once 
per season to identify any the-varying trends in sitespecific fate 
processes. These monitored decay rates can then be used in 
steady-state or continuous simulation fate and transport models 
to predict receiving water toxicity, assuming that the rates will not 
change with future treatment 

Without specific inforkation Gnceming the persistence of toxic- 
ity, it is recommended that effluent toxicity be limited to dilution 
estimates and that toxicity be assumed to be additive and conser- 
vative. Toxicity is expected to be additive even when the toxicity 
of one effluent affeas selected biota while the toxicity of a down- 
stream discharge affects different biota. For rivers and run-of-river 
reservoirs with a detention time of less than 20 days, the following 
dilution equation should be used, assuming completely mixed 
conditions: 

CsQs + CeQe 
Qe + Qs 

, 

- 

C =  

where 
C = downstream concentration (TU, or TU, ) 
C, = upstream concentration (TU, or TU, ) 
Qs = upstreamflow(cfs) 
C, = effluent concentration (TU, or TU, ) and 
Q = effluent flow (cfs). 

For multiple dischargers, this equation must be applied sequen- 
tially to find the concentration as a function of distance down- 
stream. The equation can be used for a steady-state analysis if Qs 
is set equal to the design flow, Q 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 dy- 
namic analyses, a series of C,, Q, C, and Qs values would be 
used. 

If instream toxicity measurements are available and a first-order 
decay rate for toxicity can be estimated, the following equation 
should be used: 

where 
C 
c, 
X 

U 

K 

downstream concentration (TU, or TU,) 
concentration after the point source discharge I 
mixed completely with the river (TU, or TU,) 
distance downstream of complete mix point 
velocity of river 
measured decay rate. 

i a s  

Additional statistical approaches are available that might provide 
better statistical fits to the available data. However, these models 
are somewhat more limited than the example provided above. 

The same equations used for toxicity analyses in rivers can also be 
used in steady-state, continuous simulation, or probabilistic analy- 
sis of long, narrow, shallow impoundments with high inflow 
velocities. Wider, deeper lakes require more complicated analy- 
ses since prolonged detention times (>20 days) and stratification 
exert a significant impact on water quality. The prolonged deten- 
tion times make it essential that receiving water measurements of 
toxicity be available to estimate decay factors. These measure- 
ments should be made at least once per season to identify any 
time-varying trends in toxicity fate processes. Steady-state or 
continuous simulation fate and transport models for lakes can 
then be run with monitored decay rates for toxicity. A simple 
steady-state analysis can be performed using the following equa- 
tions [64]: 

Tw = VIQ 
C = Cin/(l +TwK) 

where 
Tw = mean hydraulic residence time 
V = lake volume at  design conditions 
Q = mean total inflow rate at design conditions 
C = steady-state lake concentration (TU, or TU,) 
Ci, = 
K = first-orderdecayrate. 

steady-state inflow concentration (TU, or TU,) 

If effluent is discharged into a stratified lake and mixes only with 
the hypolimnion or epilimnion, the volume of the layer should be 
used only to calculate mean hydraulic residence time CfJ. The 
mean total inflow rate (Q) and the inflow concentration (CiJ 
should be calculated as the sum of all sources to the lake, includ- 
ing point source, nonpoint source, and tributary inputs. 

Dilution calculations for effluent toxicity discharges to an estuary 
are complicated by the oscillatory motion of the tides and pos- 
sible stratification of the estuary. The prolonged detention times 
make it essential that field measurements of toxicity be available 
to estimate decay factors. These measurements should be made 
at least once per season to identify any time-varying trends in 
toxicity rate processes. Steady-state or continuous simulation fate 
and transport models for estuaries can then be run with moni- 
tored decay rates for toxicity. A simple steady-state analysisxan 
be performed using the following equations for each 
nonconservative pollutant entering from the river at the head of 
an estuary [a]: 

I 

,I 
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, where 

ri 

t = flushing time 
fi = fraction of freshwater in segment i 
Ci = nonconservative pollutant concentration in .segment 

i (TU, or TU3 
k = decayrateofpollutant. 

= exchange ratio for segment i as defined by modified 
tidal prism method 

The following equations should be used for each nonconsewative 
pollutant entering along the side of an estuary: 

For segments downstream of outfall: 

For segments upstream of outfall: 

where 
ci = 

c,= 

n =  
fi = 
f, = 
si = 
5, = 
k =  
t =  

. c 

nonconsewative pollutant mean concentration in 
segment i (TUc or TUJ 
nonconsetvative pollutant mean concentration in 
segmenmf discharge 
exchange ratiotPr segment i as defined by the 
modified tidal prism method 
number of segment away from outfall 
fraction of freshwater in segment i 
fraction of freshwater in segment with discharge 
salinity in segment i 
salinity in segment of discharge 
decay rate 
flushing time. 

The details of how to calculate exchange ratios and flushing times 
for estuaries are included in Part 2 of EPA’s water quality assess- 
ment manual [&]. This manual also describes how to perform 
these calculations for stratified estuaries using a two-dimensional 
box model analysis. 

4.6 HUMANHEALTH 

Human exposure to pollutants should be evaluated as completely 
as available information will allow. Exposure infomation is used 
in calculating the human health reference ambient concentration 
(RAC) from the formulas in Chapter 2, Water Quality Standards. 
This information should be used to estimate exposures due to fish 
consumption and drinking water ingestion, background concen- 

trations, and other exposure routes, such as recreational, occupa- 
tional, drinking water, .dietary (other than fish), and inhalation. 
Factors in the formulas for which information is not available can 
be omitted from the calculation. If States choose, bioaccumulation 
factors also can be modified. 

I 4.6.2 Detennining the TMDl Basedon Human Heattt~ Toxicants 
TMDb are typically necessary only where mixing is allowed. 
Mixing zones are used at the discretion of the States. If a State 
does not allow a mixing zone or the assumption of complete 
mixing, then the RAC is applied at the end of pipe and no TMDL 
determination is typically necessary. 

With persistent or bioconcentratable pollutants, special mixing 
zone considerations apply. Bioconcentratable pollutant criteria 
exceedances within the mixing zone can potentially result in 

contamination of bed sediments with subsequent incorporation 
into the food chain. For discharge situations with incomplete 
mixing (e.g., large rivers, lakes, estuaries, oceans), States need to 
carefully consider whether mixing zones for persistent or 
bioconcentratable pollutants are appropriate. Where a mixing 
zone is allowed, one TMDL should be calculated to achieve the 
RAC or criterion selected above [65]. Because most human health 
criteria are chronic only, a TMDL to protect against acute effects 
will usually not be needed, although EPA’s Office of Drinking 
Water does have acute criteria for some pollutants. 

tissue contamination of organisms directly or indirectly through 1 

r 
.t 

For the purpose of the following discussion, use of simple, steady- 
state dilution models is assumed. However, these models may be 
inappropriate for certain situations where sediments serve as a 
sink for bioconcentratable pollutants and where additional factors 
need to be considered. Dynamic models, where available, are 
useful tools for accounting for an array of variables that may have 
an impact on the fate of bioconcentratable pollutants in the food 
chain. These models may be used by States for surface waters in - 
appropriate instances. L 

In simple situations, the TMDL is determined from the RAC and 
the design flow of the receiving water. In more complicated 
situations, e.g., where mixing is not rapid or where lakes or 
estuaries are involved, a spatial averaging scale must be chosen. 
Selection of the spatial scale must be consistent with reasonable 
assumptions about the behavior of aquatic organisms and the 
target human population. 7 -  

_ii 
In some cases, it may be necessary to apply the chronic human 
health criterion within a mixing zone if it is reasonable to assume 
that the bioconcentrating aquatic organisms have little mobility, 
thus spending most of their time within the mixing zone; and the 
target human population consistently consumes fish from the 
mixing zone (over a 70-year lifetime, for carcinogenic risks). 

The procedure for developing TMDLs/WL& generally requires 
determining values for the following parameters, based upon ..- 

water quality considerations: (1) the duration of the averaging t 
period applicable to the WLA; (2) design considerations, e.g., 
flow; (3) the discharge (WLA) concentration that will result in 
meeting the ambient water quality criterion during the design 
condition; and (4) the allowable probability (or frequency) of the 
discharge‘s exceeding the WLA, averaged over the appropriate 
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duration. The technical basis for setting these values is dixussed 
in the following sections. 

1) Averaging Periods 

The duration of the averaging period for the WIA should be 
selected to be consistent with the assumptions used to derive the 
water quality criteria. Two categories of pollutants should be 
recognized: carcinogens and noncarcinogens. 

The human health criteria for carcinogens are derived assuming 
lifetime exposure. The upper-bound,risk is directly proportional 
to the lifetime arithmetic mean dose. The criteria thus apply to 
the ambient water concentrations averaged over a 70-year pe- 
riod. 

The duration of exposure assumed in deriving criteria for 
noncarcinogens may be ambiguous, particularly where a criterion 
is derived from animal studies. Furthermore, the duration may be 
highly variable, ranging as high as 20 to 30 years for cadmium. 

2) Dilution Design Conditions 

a) Carcinogens: River and Stream Dischage 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, Q, such that, C = W/Q. 

The long-term harmonic mean flow is recommended as the 
design flow for carcinogens. The recommendation of long-term 
harmonic mean flow has been derived from the definition of the 
human health criteria (HHC). for carcinogenic pollutants. The 
adverse impact of carcihogenic pollutants is estimated in terms of 
receptors (human) liitime inikes. To t3e within the acceptable 
level of lifetime body-burden of any carcinogen, such intakes 
should not exceed the HHC during the average lifetime of the 
receptor. A lifetime for expowre to carcinogenic pollutants is 
defined as 70 years, or approximately 365 (dayslyear) multiplied 
by 70 years. 

. c 

The HHC for carcinogenic pollutants can be numerically expressed 
as: 

HHC = C (design) = (C1 + C2 + C3 + - + Cn )/n 

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. There- 
fore, instream concentration is a function of, and inversely pro- 
portional to, the streamflow downstream of the discharge. b ing  
this concept, 1 IQ can be substituted for C, as follows: 

1 /Q (design) = (1 /Q1 + 1 /Q2 + 1 lQ3 + - + 1 /Qn)/n. 

The stream design flow (Q design) can then be shown as fOilOWs: 

Q (design) = n/(l IQ1 + 1 IQ2 + 1 lQ3 + - + 11%) 

The harmonic mean is expressed as follows: 

n 

Q (design) = n/C (1 /Qi) 
i s  1 

where 
n = the number of recorded flows. - 

The harmonic mean is always less than the arithmetic mean. The 
harmonic mean is the appropriate design flow for determining 
long-term exposures using steady-state modeling of effluents. 
The arithmetic mean flow is not appropriate as the design flow 
since it overstates the dilution available. Extreme value statistics 
(such as 7Q10 or 3095) are also not appropriate since they have 
no consistent relationship with the long-term mean dilution. 
However, for situations involving seasonably variable effluent dis- 
charge rates, hold-and-release treatment systems, and effluent- 
dominated sites, the harmonic mean may not be appropnate. In 
these cases, the effluent load and downstream flow are not inde- 
pendent (i.e., they are correlated). Modeling techniques that can 
calculate an average daily concentration over a long period of 
time are more appropriate to determine the long-term exposure 
in these cases. 

The harmonic mean flow may be estimated by any of several 
methods [8), assuming that flows are approximately lognormally 
distributed: 2 

Qhm- -Qgm Qm 

where 
Qm is the geometric mean flow 
Qam is the arithmetic mean flow. 

For US. Geological Survey flow records, summaries of the statisti- 
cal parameters needed to estimate the harmonic mean can be 
quickly obtained from STORET, through a user-friendly procedure 
for permit writers, as described in Appendix 0. 

WQAB DFLOW is a software package available for computation 
of harmonic mean flow. The DFLOW program (as discussed 
below and described in Appendix 0) should be used with data 
that are not lognormally distributed. 

To develop some quantitative sense of how a long-term harmonic 
mean flow of any stream #compares with its 7410 flow, the 
Assessment and Watershed Protection Division and the Risk Re- 
duction Engineering Laboratory at Cincinnati, Ohio, analyzed 
flow records of 60 streams selected at random throughout the 
United States. These are the same stream flow records that had 
been analyzed for stream design flow condition for aquatic life 
protection as listed in €PA guidance (81. Based on the long-term 

.harmonic flow and 7-day, 1 O-year low-flow estimates for these 60 
streams, the long-term harmonic mean flows of all 60 streams 
were equal to or greater than two times the 741 0 low flow. Fifty- 
four of the streams' harmonic mean flows were equal to or 
greater than 2.5 times their 741 0 low flows. Finally, 40 of the 60 
streams' harmonic mean flows were equal to or greater than 3.5 
times the 741 0. f 

Based on the above observations, permit authorities may choose 
a multiplication factor of 3 x 741 0 to estimate stream design flow 
for 'human health protection for carcinogenic pollutants. How- 
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I 
ever, it is recommended -amionic rH&n 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 (661: 

Qhm = [I .194 (&m)0.473] [(7Q1 0)0-552], rZ = 0.99. 

In this equation, 4 m  and 7410 are estimated using the US. 
Geological Survey computer program, FLOSTAT. 

b) Noncarcinogens: River and Stream Discharge Situations 

The choice of average period represents a level-of-protection 
consideration inherent in the risk management decision to be 
made by the permitting agency. If a short-term duration of 
exposure is chosen (i.e., 90 days or less), design flows may be 
appropriately based on extreme value statistia. Because the 
effects from noncarcinogens are more often associated with short- 
ened exposures, EPA suggests the use of 3045. However, in the 
comparisons of flows for smaller rivers (i.e., low flow of 50 as), the 
3045 flow was, on the average, only 1.1 times that of the 741 0. 
For larger rivers (Le., low flow of 600 cfs), the factor was, on the 
averaae. 1.4 times. If the effects from certain noncaranoaens 

are manifested after a lifetime of exposure, then a harmonic 
mean flow may be appropriate. 

3) Point of Application of the Criteria 

The point at which the chronic criteria are to be met in the 
receiving water may be fixed by existing State standards or may 
be determined by considerations for managing individual and 
aggregate risks. The several possibilities include the following: 

Where State standards allow no mixing zone and no spatial 
averaging, the criterion would be met at the end of the 
pipe. 

Where State standards specify that the criterion must be 
met at  the end of the mixing zone, the criterion would be 
applied at  that point. 

Where State standards allow consideration of spatial aver- 
aging, the criterion may be met as an average within a 
specified area, as appropriate for the individual and aggre- 
gate risk scenarios underlying the application. 
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5. PERMIT REQUIREMENTS 

5.1 INTRODUCTION 
As the final step in the "standards-to-permits" process, develop 
ment of permit requirements is often the culmination of the 
activities discussed in the preceding chapters. This chapter 
describes the basic principles of effluent Variability and permit 
limit derivation and provides recommendations for deriving limits 
from various types of wasteload allocation outputs such that 
water quality standards are protected. It also addresses important 
considerations in the expression of limits and other types of 
permit requirements, including toxicity reduction evaluations. 
The first portion of the chapter deals principally with aquatic life 
protection. Permitting for protection of human health is found in 
Section 5.4.4. 

5.1.1 alrgulatmy~- 
There are both mandatory and discretionary elements associated 
with the development of water quality-based permit limits to 
control toxic pollutants and toxicity. The mandatory elements are 
descn'bed in the revisitxy to the National Pollutant Discharge 
Elimination System (NPDES) Surface Water Toxics Control Pro- 
gram regulations (54 FR 23868, lune 2, 1989). The regulations at 
40 CFR 122.44(d)(l) require that regulatory authorities first deter- 
mine whether a discharge causes, has the reasonable potential to 
cause, or contributes to an.excursion above water quality stan- 
dards (narrative or numecic). In making these determinations, 
regulatory authorities must use a procedure that accounts for 
effluent variability, existing controls on point and nonpoint sources 
of pollution, available dilution, and (when using toxicity testing) 
species sensitivity. Each of these regulations were previously 
discussed in Chapter 3. 

There is a degree of flexibility in the specific procedures a regula- 
tory authority uses in determining whether an excursion occurs or 
is reasonably expected to occur and in the weight given to the 
various factors in conducting the evaluation of a specific dis- 
charger. The Environmental Protection 4enWs (EPA) guidance 
for making these determinations is contained in the recommen- 
dations in Chapter 3. 

There are also several €PA policies that reflect these regulatory 
requirements, including the "National Policy for the Development 
of Water Quality-Based Limits for Toxic Pollutants" (Appendix B- 
2) and EPA's 'Whole Effluent Toxicity Permitting Principles and 
Enforcement Strategy," (Appendix 8-4). This strategy states that 
"all major permits and minors of concem must be evaluated for 
potential or known toxicity (chronic or acute if more limiting)." In 
addition, the strategy states that "[qinal whole effiuent toxicity 
limits must be included in permits where necessary to ensure that 
State Water Quality Standards are met. These limits must prop- 
erly account for effluent variability, available dilution, and species 
sensitivity." 

There is an element of judgment inherent in the specific permit 
limit derivation procedures used for an individual discharger once 
a decision has been made to develop a specific type of limit. 
Casespeufic considerations will usually dictate the most appro- 
priate approach to be taken in individual situations. Nevertheless, 
the various assumptions used in the permit limit development 
process should be consistent with the assumptions and principles 
inherent in the effluent characterization and exposure assessment 
steps preceding permit limit development. The permit limit 
derivation procedure used by the permitting authority should 
be fully enforceable and should adequately account for efflu- 
ent variability, consider available receiving water dilution, 
protect against acute and chronic impacts, account for com- 
pliance monitoring sampling frequency, and protect the 
wasteload allocation @VIA) and ultimately water quality stan- 
dards, To accomplish these objectives, EPA recommends that 
permitting authorities use the statistical pemi t  limit deriva- 
tion procedure discussed in Section 5.4 with the outputs from 
either Jteady state or the dynamic wasteload allocation mod- 
eling. 

5.2 BASIC PRINCIPLES OF EFFLUENT 
VARlABlUTY 

An understanding of the basic principles of effluent variability I) 

central to water quality-based permitting. Many of the concepts 
are the same as those considered in the development of technol- 
ogy-based limits. However, the process for applying the prin- 
ciples is substantially different, as explained below. 

5.21 Varlallans in Effluent Umlily 
Effluent quality and quantity vary over time in terms of volumes 
discharged and constituent concentrations. Variations occur due 
to a number of factors, including changes in human activity over 
a 24-hour period for publicly owned treatment works (POW$), 
changes in production cycles for industries, variation tn responses 
of wastewater treatment systems to influent changes, variation in 
treatment system performance, and changes in climate. Very few 
effluents remain constant over long periods of time. Even in 
industries that operate continuous processes, variations in !he 
quality of raw materials and activities, such as back-washing ut 
filters, cause peaks in effluent constituent concentrations and 
volumes. 

If effluent data for a particular pollutant or pollutant parameter for 
a typical POW are plotted against time, the daily concentration 
variations can be seen (see Figure 5-1, left-hand graphs). This 
behavior can be described by constructing frequency-concentra- 
tion plots of the same data (see Figure 5-1, right-hand graphs). ' 
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1 Based upon the shape of the cum of a freqwncyconcentration 
plot, the data can be described in terms of a particular type of 
statistical distribution. The choices for statistical distributions 
indude normal (bell-shaped), lognormal (positively skewed), or 
other variations on the lognormal distribution. From the vast 
amount of data that EPA has examined, it is reasonable to assume 
(unless speafic data show otherwise) that treated effluent data 
follow a lognormal distribution. This is because effluent values 
are non-negative and treatment efficiency at the low end of the 
concentration scale is limited, while effluent concentrations may 
vary widely at the high end of the scale, reflecting various degrees 
of treatment system performance and loadings. These factors 
combine to produce the characteristically positively skewed a p  
pearance of the lognormal curve when data are plotted in a 
frequency histogram. Appendix E discusses the basis for condud- 
ing that effluent data are typically lognormally distributed, as well 
as recommendations for handling data sets from treatment plants 
that follow some other type of distribution. 

Effluent data from any treatment system may be described using 
standard descriptive statistics, such as the mean concentration of 
the pollutant or pollutant parameter &e., the long-term average 
[LTA] and the coefficient of variation [@/I). The CV is a standard 
statistical measure of the relative variations of a distribution or set 
of data, defined as the ratio of the standard deviation to the 
mean. Using a statiqical tmodel, such as the lognormal, an entire 
distribution of values can‘ be projected from limited data, and 
limits Can be set at a specified probability of occurrence. Figure 5- 
1 shows the frequency-concentration curve and the relative posi- 
tions of the concentrations corresponding to the mean for the 
data. - 
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Figure 5-2a. Relationship Betwtcn a Single Wasteload 
Allocation and Two Long-Term Averages 

for Different Coefficients of Variation 

All permit limits, whether technology-based or water quality- 
based, are set at the upper bounds of acceptable performance. 
The purpose of a permit limit is to specify an upper bound of 
acceptable effluent quality. For technology-based requirements, 
the limits are based on proper operation of a treatment system. 
For water quality-based requirements, the limits are based on 
maintaining the effluent quality at a level that will compiy with 
water quality standards, even during critical conditions in the 
receiving water. These requirements are determined by the WIA. 
The WLA dictates the required effluent quality which defines the 
desired level of treatment plant performance or target LTA. 

In the development of technology-based effluent limits guide- 
lines, the operating records of various wastewater treatment facili- 
ties for a particular category of discharger are examined. Based 
on the effluent data for the treatment facilities, a composite mean 
or LTA value for the parameter is determined. This LTA value, 
with relevant estimates of variability, is then used to derive efflu- 
ent limit guidelines, which lead directly to permit limits. 

In contrast, the process operates in reverse for water quality-based 
permit limits. The WIA, determined from water quality stan- 
dards, defines the appropriate discharge level, which in tum 
determines the requisite target LTA for the treatment facility in 
order to meet that W. Permit limits may then be derived from 
this targeted LTA and CV. Figure 5-2 illustrates the relationship 
among the various statistical parameters. As these figures show, 
highly variable effluents require a much lower targeted LTA to 
meet the WIA and account for the variability that occurs in 
effluent concentration above the LTA. 

It is extremely important to recognize that the various statistical 
principles and relationships discussed above operate in any dis- 
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charge sitwtion-whether or not they are specifically recognized 
or accounted for: Where a permit limit dertvation procedure does 
not address these principles speufically, the permit writer will be 
implicitly assuming that there are enough conservative assump- 
tions built into other steps in the process (e.g., water quality 
models, "buffer" between permit limits and actual operating 
conditions) to ensure that there will be no reasonable potential for 
excursions above water quality standards. 

, 

52.3 ~ O l l a f p a m i t l i m r i b  

The NPDES regulations at 40 CFR 122.45(dj require that all permit 
limits be expressed,'unless impracticable, as both average monthly 
and maximum daily values for all dixharges other than-POTWs 
and as average weekly and average monthly limits for POTWs. 
The maximum daily permit limit (MDL) is the highest allowable 
discharge measured during a calendar day or 24-hour period 
representing a calendar day. The average monthly permit limit 
(AML) is the highest allowable value for the average of daily 
discharges obtained over a calendar month. The average weekly 
permit limit (AWL) is the highest allowable value for the average 
of daily discharges obtained over a calendar week. 

EPA believes that a maximum daily permit limit can be directly 
used to express an effiuent limit for all toxic pollutants or pollutant 
parameters except chronic whole effluent toxicity. The typical 
toxicity test used to measure chronic toxicity consists of samples 
collected from at lea.st.3 different days over a 7day period. 
Therefore, the test does not-measure toxicity in any given 24-hour 
period or calendar day, but rather measures toxicity over a 7day 
period. The toxicity could be caused by any one sample or a 
combination of samples. To address this situation, EPA recom- 
mends that the permit contain a notation indicating that 
when chronic toxiae tests a& required in a permit, the MOL 
should be interpded as Zgnifying the maximum test result 
for the month. 

Additionally, in lieu of an AWL for POTWs, EPA recommends 
establishing an MDL (or a maximum test result for chronic toxic- 
ity) for toxic pollutants and pollutant parameters in water quality 
permitting. This is appropriate for at least two reasons. First, the 
basis for the 7day average for POTWs derives from the secondary 
treatment requirements. This basis is not related to the need for 
assuring achievement of water quality standards. Second, a 7day 
average, which could comprise up to seven or m m  daily samples, 
could average out peak toxic concentrations and therefore the 
discharge's potential for causing acute toxic effects would be 
missed. A MDL, which is measured by a grab sample, would be 
toxicologically protective of potential acute toxicity impacts. 

5.3 ENSURING WNSSTENCY WITH THE 
WAscEu)AD AUOCATlON 

The WIA provides a definition of effluent quality that is necessary 
to meet the water quality standards of the receiving water. The 
WIA is based on ambient criteria and the exposure of the resident 
aquatic community or humans to toxic conditions. Once a WIA 
has been developed, accounting for all appropriate consider- 

.. - -  

ations, a water quality-based permit limit may be derived to 
enforce the WLA The method used to derive the permit limits 
must be consistent with the nature of the WLA 

The WLA addresses variability in effluent quality. For example, a 
WLA for human health pollutants is typically expressed as a single 
level of receiving water quality necessary to provide protection 
against long-term or chronic effects. On the other hand, a WLA 
for toxic pollutants affecting aquatic life (with corresponding 
duration and frequency requirements) should describe l e w i s  nec- 
essary to provide protection against both short-term and long- 
term effects. 

-r 

5.3.1 Stat&tlcal Caddmtions of MIIS \ 
Direct use of a WIA as a permit limit creates a significant risk that 
the WIA will be enforced incorrectly, since effluent variability and 
the probbility basii for the limit are not considered specifically. 
For example, the use of a steady state WLA typically establishes a 
level of effluent quality with the assumption that it is a value never 
to be exceeded. The same value used directly as a permit limit 
could allow the WIA to be exceeded without observing permit 
violations if compliance monitoring was infrequent. Confusion 
can also result in translating a longer duration WIA requirement 
(e.g., for chronic protection) into maximum daily and average 
monthly permit limits. The permit writer must ensure that permit 
limits are deriwd to implement a WIA requirement correctly. 
Potential problem areas are as follows: 

~E. 

r -L 
The WIA must be enforced in a regulatory context by 
translating it into MDLs and AMLS; then and only then, will 
compliance monitoring associated with permit limits allow 
the regulatory authority to determine whether or not such 
permit limits are violated. 

The W that assumes that the discharge is steady state 
&e., not changing over time) requires a limit derivation 
assumption regarding how the effluent may vary. 

MDLs and AMLs average monthly limits must be developed 
so that they are consistent with each other and mandate 
the required lewl of wastewater treatment facility perfor- 
mance. 

If the acute WLA is used alone directly as the MDL, the limit 
will not necessarily be protective against chronic effeas. If 
the acute WIA is used alone directly as the AML, the limit 
can allow excursions above the WLA within each month. 

If the chronic WIA is used alone as an MDL, the limit will be 
protective against acute and chronic effects but at the 
expense of being overly stringent. If the chronic W U  is 
used alone as the AML, the limit may be protective against 

- 
. 
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.--.-acute and chronic effects depending upon effluent variabil- 
ity. 

The objective is to establish permit limits that result in the effluent 
meeting the WIA under normal operating conditions virtually all 
the time. It is not possible to guarantee, through permit limits, 
that a WLA will never be exceeded. It is possible, however, using 
the recommended permit limit derivation procedures, to account 
for extremevalues and to establish low probabili!ties of exceedence 

- 
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of the WLA in conformance with the duration and frequer\cy 
requirements of the water quality standards. This is not to sug- I 

gest that permit writers should assume a probabi1ity.d exceedence 
of the WLA, but rather, that they should develop limits that will 
make an exceedance a very small likelihood. 

Since effluents are variable and permit limits are developed based 
on a low probability of exceedence, the permit limits should 
consider effluent variability and ensure that the requisite loading 
from the WlA is not exceeded under normal conditions.. In effect. 
then, the limits must "force" treatment plant performance, which, 
after considering acceptable effluent variability, will only have a 
low statistical probability of exceeding the WLA and will achieve 
the desired loadings. 

Figure 5-3 shows a number of important aspects of the relation- 
ships among the various statistical parameters. In this illustration, 
the most limiting LTA (after comparing the LTAs derived from 
both acute and chronic W k )  has been chosen for the chronic 
limiting condition. The more restrictive LTA will automatically 
meet both WLA requirements. If the effluent "fingerprint" for this 
-LTA (and associated 0') is projected, it can be seen that the 
distribution of daily effluent values will not exceed the acute or 
chronic wasteload allocations for unacceptable periods of time. 
The duration and frequency requirements of the acute and chronic 
criteria for the pollutant or pollutant parameter will not be ex- 
ceeded. This figure also illustrates permit limits derived from the 
more limiting LTA (Note, that for the scenario depicted in Figure 
5-3, the MOL is lower than the acute WlA and the average 
monthly limit is lower than the chronic WLA. This scenario will 
occur when a 99-percent probability basis is used to calculate the 
LTA and a 95-percent probability basis is used to calculate the 
permit limits from the lower of the acute and chronic LTA. For 
other probability a&mptiFs, these relationships will differ.) 

5.3.2 
Each of the two major types of water quality models, steady-state 
and dynamic, and their WlA outputs have speCmc implications 

T v p e ~  of Watw Quality Modds and Model oulpuis 

Figure 5-3. Relationship Between Daily Concnetrations, 
Long-Term Average, Wasteload Allocations, 

and Permit Limits 

for the subsequent permit limit development process. These 
implications are discussed in detail below. €PA recommends 
that steady-state WLA analyses generally be used by permit- 
ting authorities in most cases and especially where few or no 
whole effiuent toxicity or specific chemical measurements are 
available, or where daily receiving water flow records are not 
available. Two-value, steady-state models, although potentially 
more protective than necessary, can provide toxicologically pro- 
tective results and are relatively simple to use. If adequate 
receiving water flow and effluent concentration data are avail- 
able to estimate frequency distributions, EPA recommends 
that one of the dynamic WLA modeling'techniques be used to 
derive WLAs that will more exactly maintain water quality 
standards. 

Steady-State Modeling 

Traditional single-value or two-value steady-state WLA models 
calculate WLAs at critical conditions, which are usually combina- 
tions of worst-case assumptions of flow, effluent, and environ- 
mental effects. For example, a steady-state model for ammonia 
considers the maximum effluent discharge to occur on the day of 
lowest river flow, highest upstream concentration, highest pH, 
and highest temperature. Each condition by itself has a low 
probability of occurrence; the combination of conditions may 
rarely or never occur. Permit limits derived from a steady-state 
WLA model will be protective of water quality standards at  the 
cn'tical conditions and for all environmental conditions less than 
critical. However, such permit limits may be more stringent than 
necessary to meet the retum frequency requirements of the water 
quality criterion for the pollutant of concem. 

On the other hand, a steady-state model approach may involve 
simplifying assumptions for other factors, such as ambient back- 
ground concentrations of a toxicant, multiple source discharges 
of a toxicant, number of pollutants causing toxicity, incorrect 
effluent variability assumptions, and infrequent compliance moni- 
toring. The effect of these types of factors, especially if unaccounted 
for in the WLA determination, can reduce the level of protective- 
ness provided by the critical condition assumptions of the steady- 
state model approach. Therefore, when using a steady-state WLA 
model, the permitting authority should be aware of the different 
assumptions and factors involved and should consider these as- 
sumptions and factors adequately consideration when develop- 
ing permit limits. 

In general, steady-state analyses tend to be more conservative 
than dynamic models because they rely on worst case assump- 
tions. Thus, permit limits derived from these outputs will gener- 
ally be lower than limits derived from dynamic models. 

a) Single Value From a Steady-State Analysis 

Some single-value, steady-state modeling has been used to calcu- 
late only chronic WLAS. These models produce a single effluent 
loading value and no information about effluent variability. Single 
value WLAS are typically based upon older State water quality 
standards that do not specify levels for both acute and chronic 
protection but only include one level of protection. Such outputs r 
also would be found where a model is based upon protection of 
human health, since only a single long-term ambient value is of 
concem. 
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6) Two Values iiwn Steady-State Analysis 

Steady-state mbdeling for protection of aquatic life can speufy 
two sets of calculationr--one for protection against acute effects 
and one for protection against chronic effects. These models 
must use water quality criteria specifymg two levels of protection. 
In addition, these models include considerations of mixing zones 
when developing W k  to afford two levels of protection. Like 
the single-value, steady-state models, these models do not pro- 
duce any information about acceptable effluent variability and 
may require additional calculations to be translated into permit 
limits. 

For complex discharge situations (i.e., multiple dischargers or 
complex environmental factors needing consideration), water qual- 
ity models and associated W k  are typically developed by spe- 
ualized water quality analysts in the regulatory authonty. How- 
ever, the permit wnter is often required to develop a water quality 
model and WLA prior to permit limit derivation. In the latter 
situation, water quality modeling usually consists of simple steady- 
state diluoon models using worst-case assumptlons. 

neav  
.c- -. 
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Dynamic Modeling 

Dynamic models use estimates of effluent variability and the 
variability of receiving water assimilation factors to develop efflu- 
ent requirements in terms of concentration and variability. The 
outputs from dynamic mgdels can be used to base permit limits 
on probability estimates of receiving water concentrations rather 
than worst-case conditions. The advantages and disadvantages 
of various types of dynamic models are provided in Chapter 4. 

In general, dynamic -models account for the daily variations of and 
relationships between f lo~~eff luent. and environmental condi- 
tions and therefore directly determine the actual probability that a 
water quality standards exceedence will occur. Because of this, 
dynamic models can be used to develop WLAS that maintain the 
water quality standards exactly at the retum frequency require- 
ments of the standards. Since this retum frequency is usually one 
event in 3 years, W k  developed by dynamic models are typically 
higher than those developed by steady-state models. 

A targeted long-term average performance level and coefficient of 
variation can be derived from each type of dynamic model out- 
put, but some of the outputs require some additional manipula- 
tion of the data to develop the LTA and the CV. These parameters 
are also the starting point for the statistical permit limit derivation 
procedures discussed in the next section. Continuous Simula- 
tion models offer an array of effluent data that require further 
manipulation to develop an LTA and a CV. Both Monte Carlo 
and Lognormal Probabilistic models produce an LTA and CV, 
which can be used directly in developingpennit limits; Chapter 4 
details the different dynamic models. Specific instructions for the 
use of dynamic models are available in the references listed at the 
end of Chapter 4. 

- 

.-  

5.4 PERMIT UMIT DUllVATlOW 

There are a number of different approaches currently being used 
by permitting authorities to-dewlop water quality-based limits for 

-. . 

toxic pollutants and toxicity. Differences in approaches are often 
attributable to the need for consistency between permit limit 
derivation procedures and the assumptions inherent in various 
types of water quality models and WLA outputs. In addition, 
permitting authorities also are constrained by legal requirements 
and policy decisions that may apply to a given permitting situa- - 
tion. In some instances, howewr, permitting procedures have 
been adopted without careful consideration of the toxicological 
principles involved or the advantages and disadvantages of the 

r 
procedure. - 

To avoid this problem, EPA recommends that the statistical 
permit limit derivation procedure described in th is  chapter be 
used for the derivation of both chemical-specific and whole 
effluent toxicity limits for NPDES permits. The type of WIA 
chosen from which to derive the limits is a matter of case-bytase 
application, as determined by the permitting authority. Although 
there are advantages and disadvantages associated with each of 
the procedures, EPA believes that the statistical derivation proce- 
dures will result in the most defensible and protective water 
qudity-based permit limits for both specific chemicals and whole 
effluent toxicity. 

The following section explains EPA’s recommended permitting 
procedures and highlights advantages and disadvantages of vari- 
ous other approaches. With this information, permitting authori- r 
ties will be better informed when deciding on the most appropri- . i 
ate permit limit derivation approach. For example, permitting 
authorities may decide to derive water quality-based permit limits 
for all dischargers using a steady-state W model as a baseline 
limit determination. If time and resources are available or if the 
discharger itself takes the initiative (after approval by the regula- 
tory authority), dynamic modeling could be conducted to further 
refine the WLA from which final pennit limits would be derived. 
Box 5-1 presents example permit limit calculations for each of the 
principal types of W U  outputs discussed in Section 5.4.1. Permit 
limits derived from dynamic modeling are usually higher than 
those based upon steady-state modeling. The difference is re- 
flected in Box 5-1 and has been observed in actual applications [l , 
2, 31. In addition, the case studies in Chapter 7 illustrate how 
water quality-based permit limits are derived and compare the 
resuits of limits derived from steady state and dynamic wasteload 
allocations. 

- 

5.4.1 €PA Recmnn8ndatfons for PennWng for Aquatic ?-- 
-ti. Ufe protscu4n 

Permit Limit Derivation from Two-Value, Steady-State Out- 
puts for Acute and Chronic Protection 

A number of W k  have two results: acute and chronic require- 
ments. These types of allocations will be developed more often as 
States begin to adopt water quality standards that provide both 
acute and chronic protection for aquatic life. These WIA outputs 
need to be translated into M O L  and AMLs. 
methodology is designed to derive permit limits for specific chemi- 
cals as well as whole effluent toxicity to achieve these WLAS. 

The following .- 

A treatment performance level (LTA and nl) that wid allow 
the effluent to meet the WLA requirement is calculated. 
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Box 5.1. Sample Calculations of Permit Limits for Whole Effluent Toxicity 
from Different Wasteload Allocation Data 

I Available Data 
I Two V a k  wasteload Dynamic model Single wasteload 

allocation output allocation 
wastdoad Allocation W) - - 14.3 
Acute Wasteload Allocation (WlAa) 2.60 - - 
Chm~ Wastebad Allocabon (WUc) 14.3 - - 
Acute-Chronic Ratio 4.62 - - 
Coefficient of Variabon (CV) 0.0 0.8 0.8 
Number of Samples per Month (n) 4 4 4 

Loris T m  Avenge ( C W  - 9.44 - 
From two-value steady state wasteload allocation From dynamic model output 

WcAa.= WIAa*ACR . = 2.60.4.62 = 12.0 , 

L T 4  = W h - e  [0.5~?-2.326~] 
L1Al.c = WLAa.,*e (0.5a02-2.3260& 12.0.0.249 

MOL = LTAaec*e [2.326a-O.5$] = 2.99-4.01 (from Table 5-2) = 12.0 ! 
AML = LTAa,c*t [2.3260n-0.5an2]= 2.99.2.27 (from Table 5-2) 1 

= 14.3.0.440 (from Table 5-1) = 6.29 

(from Table 5-1) = 2.99 

e 6.79 

MOL = LT4-e  [2.3260-0.5u2]= 9.44-4.01 (from Table 5-2k 37.9 

AML = LTApe [2.326an-0.5anZ]r 9.44.2.27 (from Table 5-2)- 21.4 

hom single w u t d o d  Jlootion 
Optlon 1 
. ITAz7 = WLA-e [ 0 . 5 ~ - 2 . 3 2 6 ~ ]  

MDL = LTA-e [2.326u-O.S&] 

AML = ITA-e [2.326un-0.5un2] 

= 14.3-0.440 (from Table 5-1 

= 6.29-4.01 (from Table 5-2) 

= 6.29.2.27 (from Table 5-2) 

loptlon 2 

~ AML - 
1 MOL = W U  

= MDU2 - 

Note: All calculations use the 99th 
percentile z statistic for calculation 
of long-term averages and permit 
limits. 

= 6.29 

= 25.2 

= 14.3 

= 14.3 

= 7.15 

Where two requirements are specified based on different 
duration periods, two performance levels are calculated 
(Box 5-2, Step 2). 

For whole effluent toxicity only, the acute WIA is converted 
into an equivalent chronic WIA by multiplying the acute 
WIA by an acutetothronic ratio (ACR). This ratio should 
optimally be based on effluent data, but also can be esti- 
mated as 10, based on the information presented in Chap- 
ter 1 and Appendix A. 

Permit limits are then derived directly from whichever per- 
formance level is more protective (Box 5-2, Steps 3 and 4). 

simply adopted as the permit limit, the possibility exists for 
exceedance of the WIA due to effluent variability. Clearly, 
however, effluents are variable. Therefore, permit limits are 
established using a value corresponding to a percentile of 
the selected probability distribution of the effluent (e.g., 
95th or 99th percentile). 

It allows comparison of two independent WLAS (acute and 
chronic) to determine which is more limiting for a dis- 
charge. The WIA output provides two numbers for protec- 
tion against two types of toxic effects. each based upon 
different mixing conditions for different durations. Acute 
effects are limited based upon 1 -hour exposures at critical 
conditions, close to the point of discharge, or where neces- 
sary, at the end of the pipe. Chronic effects are limited 
based on M a y  exposures after mixing at critical condi- 
tions. These requirements yield different effluent treatment 
requirements that cannot be compared to each other with- 
out calculating the LTA performance level the plant would 
need to maintain in order to meet each requirement. With- 
out this comparison (or in the absence of procedures that 
address this comparison), the WLA representing the more 
critical condition cannot be determined. A treatment sys- 
tem will only need to be designed to meet one level of 

Figure 5-4 presents a flow chart summarizing the various steps in 
this procedure. In addition, the equations used in Box 5-2 are 
based on the lognormal distribution, which is explained in more 
detail in Appendix E. The principal advantages of this procedure 
are described .below. 

* This procedure provides a mechanism for setting permit 
limits that will be toxicologically protective. A steady-state 
WLA uses a single value to reflect the effluent loading and 
thus is an inherent assumption that the actual effluent will 
not exceed the calculated loading value. If the WLA is 
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Box 5-2. Calculating Permit Umits Based on Two-Value Wasteload Allocation 

To set maximum dairy and average 
monthly permit limits based on 
acute and chronic wasteload 
albcatims, use the following four 
steps: 

Convert the acute wastelaad 

units. Skip to Step 2 for 
chemical-specific limits. 

Calculate the long-term 
average wasteload that will 
satisfy the acute and chronic 
wastebad allocations. 

Determine the lower (more 
3 limiting) of the two long-term 

averages. 

calar@te the maximum daily 
and average monthly permit 

4 limits using the lower (more 
limiting) long-term average. 

1 allocation to chronic toxic 

Term k i n g  

cv 
d 

W%.C 

w’Aa 

W U C  

LTA, 

LTA, 

ma 
m, 
ACR 

MDL 

AML 

z 

- -. 
Step 1 (for whole effluent toxicity only) 

WLA, (in WJ = WLAa (in TUJ ACR 

Step 2 (start here for chemical specific limits) 

( 0 . d  - za] LTA,, = WLA,, e 
where d = In(CV’+1) 
z = 1.645 for 95th pementile probability basis, and 
z = 2.326 for 99th percentile probability basis 

LTA, = w ~ ,  e [ o - * , ~ - z ~ c )  

where at = In(Cv/4 +1) 
z = 1.645 for 95th percentile probability basis, and 
z = 2.326 for 99th percentile probability basis 

step 3 

LTA = min (LTA,, LTAaC) 

SteD 4 
~~ 

[za - O . d ]  MDL = LTA e 
where d = In(CVZ+l) 
z = 1.645 for 95th percentile probability basis. and 
2 = 2.326 for 99th percentile probability basis 

AML = LTA 0 e [zon -0.*,21 

where at = In(CV% +1) 
z = 1.645 for 95th percentile probability basis, and 
z = 2.326 for 99th pemti le probability basis 
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LTA L n a  

Figure 5-4. Flowchart for Calculating Permit Limits From 
Two-Value, Steady-State Wasteload Allocation 

for Aquatic Life Protection 

treatment for effluent toxicity-treatment needed to control 
the most limiting toxic effect 

The actual number of samples can be factored into permit limit 
derivation procedures. The procedure provides the means to 
accurately determine the Ah4L based on the number of obser- 
vations that will be taken. 

The principal disadvantages of this approach are: 

Some pennit writers have indicated that additional math- 
ematical calculations associated with these procedures increase 

. the burden for the permit wnter and add what is perceived to 
be an unnecessary step. 

The use of a steady-state WlA may result in permit limits that 
are more conservative due to the assumption of critical condi- 
tions. However, these limits are still protective of water quality 
criteria. The level of conservatism may be necessary in those 
instances where limited data prevent a more precise evaluation 
of a WLA. 

This procedure provides a toxicologically sound approach. To 
help the permit writer, EPA has developed tables (see Tables 5-1 
and 5-2) to be used to quickly determine the necessary values. in 
addition, some permit authorities have developed their own com- 
puter programs to readily compute the necessary information 
from the appropriate inputs. 

Permit Limit Derivation From Dynamic Model Outputs 

The least ambiguous and most exact way that a WlA for specific 
chemicals or for whole effluent toxicity can be specified by using 
dynamic modeling from which the WlrA is expressed as a required 
effluent performance in terms of the LTA and CV of the daily 
values. When a WL4 is expressed as such, there is no confusion 
about assumptions used and the translation to permit limits. A 
permit writer can readily design permit limits to achieve the WLA 
objectives. The types of dynamic exposure analyses that yield a 
WCA in terms of required performance are the continuous simula- 
tion, Monte Carlo, and lognormal probabilities analyses. Chapter 
4 provides a general discussion of these models. Guidance manu- 
als for developing W k  are l isted in the references at  the end of 
Chapter 4. Once the WL4 is determined, the permit limit deriva- 
tion procedure which can be used for both whole effluent toxicity 
and specific chemicals, is as follows: 

The WLA is first developed by iteratively running the dy- 
namic model with successively lower LTAS until the model 
shows compliance with the water quality standards. 

The effluent LTA and CV must then be calculated from the 
model effluent inputs used to show compliance with the 
water quality standards. This step is only necessary for the 
Monte Carlo and continuous simulation methods. 

The permit limit derivation procedures described in Box 5- 
2, Step 4 are used to derive MDLs and AMLs from the 
required effluent LTA and CV. Unlike these procedures for 
steady-state W k ,  there is only a single LTA that provides 
both acute and chronic protection, and, therefore, the 
comparison step indicated in Figure 5-4 and Box 5-2 i s  
unnecessary. 

The principal advantages of this procedure are: 

It provides a mechanism for computing permit limits that 
are toxicologically protective. As with the procedure sum- 
marized below for two-value, steady-state WLA outputs, 
the permit limit derivation procedures used with this type 
of output consider effluent variability and derive permit 
limits from a single limiting LTA and CV. 

Actual number of samples is factored into permit limir 
derivation procedures. This  procedure has the same elr- 
men& as discussed for the statistical procedures in Option 2 
below. 

Dynamic modeling determines an LTA that will be ad- 
equately protective of the WlA, which relies on actual flow 
data thereby reducing the need to rely on worst case critical 
flow condition assumptions. 
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Table 5-1. Back Calculations of Long-Tem Average 

cv 

- 0.1 
02 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .o 
1 .l 
1 2  
1.3 
1.4 
1.5 

1.7 
1.8 
1.9 
2.0 

z-1.6 9 

~~ 

WLA Multipliers 

e [ 0.5 a2 - 2 a 1 

95th 
Percentile 

0.853 
0.736 
0.644 
0.571 
0.514 
0.468 
0.432 
0.403 
0.379 
0.360 
0.344 
0.330 
0.319 
0.310 
0.302 
0.296 
0290 
0.285 
0281 
O m  

99th 
Percentile 

0.797 
0 . W  
0.527 
0.440 
0.373 
0.321 
0281 
0.249 
0.224 
0204 
0.107 
0.174 
0.162 
0.153 
0.144 
0.137 
0.131 
0.126 
0.121 
0.117 

Acute 

[ 0.5 a2 - 2 a 1 
LTA,,, = W U a C  e 

Where$=/n[CV2+1],  
z I 1.645 for 95th percentile occurrence probability, and 
z = 2.326 for 99th percentile occurrence probability 

. c 

Chronic 
( 44ay average) 

- 
[ 0.5 a.2 - za, 1 

LTA, = W U ,  e 

w h e ~ e a ~ 2 = 1 n [ ~ ~ 2 1 4 +  I]. 
z I 1.645 for 95th percentile occurrence probability. and 
z = 2326 lor 99th percentile occurrence probability 

The principal disadvantages of this procedure are: 

Necessary data for effluent variability and receiving water 
flows may be unavailable, which pments the use of t h i s  
approach. 

The amount of staff resources needed to explain how the 
limits were developed and to conduct the W also is a 

-eoncem. The permit documentation (Le., fact sheet) will 
need to clearly explain the basis for the LTA and CV and this 
can be resource intensive. 

cv 

0.1 
02 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .o 
1.1 
1 2  
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 

WLA Multipliers 

95th 
Percentile 

0.922 
0.853 
0.791 
0.736 
0.687 
0.644 
0.806 
0.571 
0.541 
0.514 
0.490 
0.468 
0.449 
0.432 
0.417 
0.403 
0.390 
0.379 
0.369 
0.360 

99th 
Percentile 

0.891 
0.797 
0.715 
0.643 
0.581 
0.527 
0.481 
0.440 
0.404 
0.373 
0.345 
0.321 
0.300 
0.281 
0.264 
0.249 
0.236 
0.224 
0.214 
0.204 

x 

r 
L 

-- 
k 

Permit Limit Derivation From Single, Steady-State Model 
output 

Some State water quality criteria and the corresponding WLAS ate 
reported as a single value from which to define an acceptable 
level of effluent quality. For example, "copper concentration 
must not exceed 0.75 milligrams per liter (mg/l) instream." Steady- I- 
state analyses assume that the effluent is constant and, therefore, It 

the WIA value will never be exceeded. Th is  presents a problem in 
deriving permit limits because permit limits need to consider 
effluent variability. 0 
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95m 
Percentile 

n=l n=2 n=4 n=lO n=30 

Table 5-2 Calculation of Permit Limits 

m 
Percentile 

n=l n=Z m-4 n=lO nt30 

cv 

~ ~~~ 

1.17 1.12 1.08 1.06 1.03 
1.36 1.25 1.17 1.12 1.06 
1% 1.38 128 1.18 1.09 
1.75 1.52 1.36 1-25 1.12 
1.95 1.66 1.45 1.31 1.16 

2.31 . 1.94 1.65 1.45 1.22 
248 207 1.75 1.52 1.26 
264 2.20 1.85 1.59 1.29 
2.n 233 1.95 1.66 1.33 
2.91 2.45 2.04 1.73 1.36 

3.13 2.67 2.23 1.67 1.43 
323 277 2.31 1.94 1.47 
3.31 2.88 2.40 200 1.50 

3.45 3.03 2.56 2.14 1.57 
351 3.10 2.64 220 1.61 
3.56 3.17 271 2.27 1.64 
3.60 3.23 2.78 2.33 1.68 

2.13 1.80 1.55 1 . 3  1.19 

x.03 2.56 2.13 1.80 1.39 

3.36 2.95 2.48 2.07 1.n 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .o 
1.1 
12 
1.3 
1.4 
1 .s 
1.6 
1.7 
1 .8 
1.9 
2.0 

~~~~~ 

1-25 1.18 1.12 1.08 l.W 
1.55 1.37 1.25 1.16 1.09 
1.90 1.59 1.40 1.24 1.13 
227 1.83 1.55 1.33. 1.18 
2.68 2.09 1.72 1.42 1.23 

3.56 2.68 2.08 1.62 1.33 
4.01 2.96 2.27 1.73 1.39 
4.46 3.28 2.48 1.84 144 
4.90 3.59 2.68 1.96 1.50 
5.34 3.91 2.90 2.07 1.56 

6.17 4.55 3.34 2.32 1.68 
6.56 4.86 3.56 2.45 174 
6.93 5.17 3.78 2.58 1.80 

7.63 5.n 4.23 2.84 1.93 
7.95 6.06 4.46 2.98 2.00 
828 6.34 4.69 3.12 2.07 
8.55 6.61 4.90 3.26 2.14 

3.11 2.37 1.90 1 . ~ 2  1.28 

5 . x  4.23 3.11 2.19 1.62 

7.29 5.47 4.01 2.71 1.87 

LTA multipliers 

[ L  a-0.5 02 1 e 
95th 

Percentile 

1.17 
1.36 
1.55 
1.75 
1.95 
2.13 
231 
246 
2.64 
2.78 
291 
3.03 
3.13 
3.23 
3.31 
3.36 
3.45 
3.51 
156 
3.60 

Percentile 99th I Maximum Daiiy Limit 
1 2 5  
1.55 
1.90 
227 
2.68 
3.11 
3.56 
4.01 
4.46 
4.90 
5.34 
5.76 
6.17 
6.56 
6.93 
7.29 
7.63 
7.95 
828  
8.55 

cv - . c- 

Average Monthiy Limit 

[ L a-0.5 a2 1 MDLtLTA*e 

where a2 = In[ c v 2  + 1 1. 
L = 1.645 for 95th percentile o c c u m  pmbability. and 
z = 2.326 for 99th percentile occurrence probability 
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The proper enforcement of this type of WLA depends on the 
parameter limited. For nutrients and biochemical oxygen de- 
mand (BOD), the WLA value generally has been used as the 
average daily pennit limit. However, the impact associated with 
toxic pollutants is more time dependent as reflected in the 4-day 
average duration for the criteria continuous concentration (CCC) 
(see Chapter 2). Where there is only one water quality criterion 
and therefore only one WIA, permit limits can be developed 
using the follqwing procedure: 

Consider the single WLA to be the chronic WLA and derive 
an chronic LTA for this WIA using the procedures in Box E 
2 (Step 2, Part 2). 

Derive MDLs and AMLS using the procedures in Box 5-2 
(Step 4). 

The principal advantages and disadvantages of this procedure are 
similar to those for the two-value permit limit derivation method 
discussed previously except that it does not examine two W I A .  

5.42 
Other approaches for translating WLA outputs into permit limits 
have been used by some permitting authorities. These methods 

earlier with specific technical and policy requirements of the 
permitting authority to derive limits that may be protective of , 
water quality and consistent with the requirements of the WLA. 
Such approaches may use simplified statistical proczdures. 

o u l 4 ? Y ~  to PGnnmfnq for Aquatic Life 

.- 

may combine elements of the statistical procedures discussed 1 



For example, stme permitting authorities assume a value for the 
CV and an acute to chronic ratio above which the chronic WLA 
will always be more limiting. Where such simplifying assumptions 
are used, the need to compare LTAS derived from acute and 
chronic steady-state models is unnecessary. Similady, for as- 
sumed values for n, CV, and exceedence probability, the various 
equations shown in Box 5-2 can be simplified further, such that 
the AML will always be a constant fraction of the MDL 

These approaches allow the permit writer to rapidly and easily 
translate the results of WlAs into permit limits. However, the 
permit writer dearly should understand the underlying proce- 
dures and carefully explain the basis for the chosen assumption. 
Appropriate State or regional guidance documents also should be 
referenced. 

. 

Another approach used by some permit authorities invokes the 
direct use of the WIA as a permit limit. This approach sometimes 
involves the following steps: 

The WIA value for toxic pollutants is used as the MDL 

In the absence of other information, permit writers typically 
divide the MOL by 1.5 or 2.0 to derive an AML (depending 
on the expected range of variability). 

The principal advantage of this approach is that it is very straight- 
forward to implement and requires minimal resources. The disad- 
vantage of this option is that the average monthly limits must be 
derived without any information about the variability of the efflu- 
ent parameter; thedore, the permit writer cannot be sure that 
these procedures are-protective of water quality criteria. Con- 
versely, limits derived from this approach may be overly stringent 
and subject to challenge. - 
The direct application of both the acute and chronic WLAS as 
permit limits is another approach that has btkn used. The WLA 
developed for protection against chronic effects becomes the 
average monthly limit and the acute WLA becomes the MDL 
EPA discourages the use of this approach. Since effluent vari- 
ability has not been specifically addressed with this approach, 
compliance with the monthly average (3O-day) effluent limit 
during critical conditions could exceed the chronic (May) WIA. 
Whether standards are violated with excessive frequency under 
such conditions would depend upon whether the conditions 
represented by the worst-case assumptions of the model also 
were occurring at the same time. By contrast, compliance with 
limits that were developed using statistical procedures have a low 
chance of leading to WLA excursions before effluent variability is 
accounted for in deriving the limits (see Figure 5-3). 

Another permitting approach is to use a narrative "no toxicity" 
limit that is measured using a toxicity testing method that em- 
ploys only a control and a single exposure at  the receiving water 
concentration (RWC). This is sometimes referred to as a "pass/ 
fail" toxicity test. Although these tests can be less expensive than 
full dilution series testing, they provide no knowledge as to the 
extent of toxicity p m t  during the test and therefore no data 
concerning the seriousness of the impad or the amount of toxic- 
ity reduction necessary. The death of a single test animal can 
occur at any concentration level beyond the lethality threshold for 
the test organism; therefore, such a test is much less powerful 

from a statistical standpoint. In addition, it is not possible to 
determine dose-response relationships for the test organisms with- 
out using multiple effluent concentrations. Dose-response curves 
are useful in determining quality assurance of the tests and in 
defining threshold dosages for regulatory purposes. Because the 
drawbacks of the approach generally outweigh the benefits, EPA 
recommends that whole effluent toxiaty limits be established 
usingla statistical derivation procedure that adequately ac- 
counts for effluent variability and that monitoring for compli- 
ance with whde effluent toxicity limits be conducted using a 
full dilution series. 

x 

When setting a whole effluent toxicity limit to protect against 
acute effects, some permitting authorities use an end-of-pipe 
approach. Typically, these limits are established as an LCSp100- 
percent effluent a t  the end of the pipe. These limits are routinely E 
set without any consideration as to the fate of the effluent and the ' 
concentrations of toxicant(s) after the discharge enters the receiv- 
ing water. Limits derived in this way are not water quality-based 
limits and suffer from significant deficiencies since the toxicity of a 
pollutant depends mostly upon concentration, duration of expo- 
sure, and repetitiveness of the exposure. This is especially true in 
effluent dominated waters. For example, an effluent that has an 
LCp100 percent contains enough toxicity to be lethal to up to 
50 percent of the test organisms. If the effluent is discharged to a 
low-flow receiving waterbody that provides no more than a three- r 
fold dilution at the critical flow, significant mortality can occur in 
the receiving water. Furthermore, such a limit could not assure 
protection against chronic effects in the receiving waterbody. 
Chronic effects could occur if the dilution in the receiving water 
multiplied by the acute to chronic ratio is greater than 100 
percent Therefore, in effiuent dominated situations, limits set 
using this approach may be sewrely underprotective. In contrast, 
whole effluent toxicity limits set using this approach in very high 
receiving water flow conditions may be overly restrictive. Be- - 
cause of these problems, EPA recommends that all whole L 
effluent toxiaty limits be set as water quality-based limits and 
that to do so, the statistical permit limit derivation procedures 
discussed in Section 5.4.1 be followed. 

5.4.3 @iKialpl"ting"& 
Water qualii-based permit limit development for discharges to 
marine and estuarine waters follows the same basic steps as the 
water quality-based zpproach for freshwater discharges. There -7- 
are some differences in the water quality criteria used as the basis." 
for protection, the designation of.mixkg zones, and the water 
quality models used to dewlop W M ;  however these differences 
are addressed in the WIA. (See discussions of these elements in 
previous chapters.) In addition, there are some special regulatory 
considerations associated with these types of dischargers, includ- 
ing special reviews of permits with such programs as the Coastal 
Zone Management Program. Some discharges also require an 
Ocean Discharge Criteria Evaluation under Section 403(c) of the 
Clean Water Act (CWA). 

5.44 E P A ~ f o r p c m r i t d l n o f o r t 4 u n a q  

Permit development to protect against certain routes of exposure 
is another key consideration. Ingesting contaminated fish and 
shellfish is a toxic chemical exposure route of serious potential 
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human health concem for which there is no intervening treat- 
ment process, unlike the drinking water route of exposure. Efflu- 
ent limits designed to meet aquatic life criteria for individual 
toxicants and whole effluent toxicity are not necessarily protective 
of toxic pollu'tant residue formation in fish or shellfish tissue. 

Developing permit limits for pollutants affecting human health is 
somewhat different from setting limits for other pollutants be- 
cause the exposure period is generally longer than l month, and 
can be up to 70 years, and the average exposure rather than the 
maximum exposure is usually of concem. Because compliance 
with permit limits is normally determined on a daily or monthly 
basis, it is necessary to set human health permit limits that meet a 
given WLA for e v q  month. tf the procedures described previ- 
ously for aquatic life protection wem used for developing permit 
limits for human health pollutants, both MDb and AMLs would 
exceed the WLA necessary to meet criteria concentrations. Thus, 
wen if a facility was discharging in compliance with permit limits 
calculated using these procedures, it would be possible to con- 
stantly exceed the WLA. This approach clearly is unacceptable. In 
addition, the statistical derivation procedure is not applicable to 
exposure periods more than 30 days. Therefore, the recom- 
mended approach for setting water quality-based limits for hu- 
man health protection with statistical procedures is as follows: 

' 

Set the AML equal to the WIA 

Calculate the.MDL based on effluent variability and the 
number of sample2 per month using the multipliers pro- 
vided in Table 5-3. 

0.8 - 

0.6 - 

0.4 - 

0.2 - 

This approach ensures that the instream criteria will be met over 
the long-term and prowdes a defensible method for calculating a 
MDL Both an MDL (weekiy average limit for p(?lWs) and a 
monthly a m g e  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 effiuent 
values used to determine the monthly average and provides a 
measure of effluent compliance during operational periods b e  
tween monthly sampling. 

~ 

5.5 SPEW wsmumw IN USE OF 
STATISTKAL PERMIT UMIT DUUVATlON 
TEWNIQUES 

The following discussion summarizes the effect of changes in the 
various statistical parameters on the permit limits that are derived. 
An understanding of these relationships is important for the per- 
mit writer. Additional considerations of each of these parameters 
with respect to the statistical methods for permit limit derivation 
also are discussed below. 

5.5.1 

Effect of changes in CV on derivation of LTA from WLA: 
As the CV increases, the LTA decreases; and convenely, as 
the CV decreases, the LTA increases (see Figure 5-5). 

Effect of changes of stat"/ paamatsrs m psrrrril 
Limits 

' 1  

Reason: The LTA must be lower relative to the W U  to 
account for the extreme values observed with high CVs. An 
LTA with a zero CV equals the WIA. 

Effect of changes in CV on derivation of permit limits for 
a fixed probability basis: As the CV increases, the permit 
limits increase (become less stringent); and conversely, as 
the CV decreases, the permit limits decrease (become more 
stringent see Figure 5-6). 

R e m :  A higher value for the permit limit is produced for 
the same LTAs as the CV increases in order to allow for 
fluctuations about the mean. Following the steps in Box 5- 
2 to derive the LTA will account for such fluctuations. 

Effect of changes in number of monthly samples on 
permit limits: As the value for "n" (number of observa- 
tions) increases in the average monthly permit limit deriva- 
tion equations, the average monthly permit limit decreases 
to a certain point. The effect on the average monthly limit 
is minimal for values of n greater than approximately 10. 
Conversely, as the value for "n" decreases, the AML in- 
creases until n=l, at which point the AML equals the MOL 
(see Figure 5-7). 

Reason: k n increases, the probability distribution of the 
nday average values becomes less variable (narrower) 
around the LTA. Therefore, the 95th or 99th percentile 
value for an nday average decreases in absolute value as n 
increases. (See additional discussion in Section 5.5.3.) 
Effect of changes in probability basis for permit limits: 
As the probability basii for the permit limits expressed in 
percentiles (e.g., 95 percent and 99 percent) increases, the 
value for the permit limits increases (becomes less strin- 
gent). The converse is true as the probability basis de- 
creases (see Figure 5-6). 

o !  I 
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Figure 5-5. Long-Term Average as a Function of the 
Coefficient of Variation 
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Reason: There is a higher probability that any randomly 
chosen effluent sample will be in compliance with its permit 
limits, if those limits are statistically designed to be greater 
than a high percentage (e.g., 99 percent) of all possible 
values for a given LTA and CV. 

The overall combination of the coefficient of variation, number of 
samples, and the assumed probability basis for calculating the LTA 
from the WLA, and the most limiting LTA, has different &et3 on 
the derived limits depending upon the selection made for each. 
To help illustrate the combined effect of these factors, Figure 5-8 

2.0 

- .  

illustrates how the CV, number of samples and probability basis 
affect the derivation of the AML Figure 5-9 illustrates the com- 
bined effect of the CV and the probability basis on the derivation 
of the MDL. 

5.5.2 CuetYlcisnt of ViwWian I 
Use of the statistical method of permit limit derivation requires an 
estimate of the CV of the distribution of the daily measurements 
of the parameter after the plant complies with the requirements. 

- I 

2.37 2.64 3.07 3.67 5.09 

Table 5-3. Multipliers for Calculating Maximum Daily Pennit Limits From Average Monthly Permit Limits 

To obtain the maximum daily permit limit (MDL) for a bioconcentratable pollutant, multiply the average monthly permit limit 
(AML) (the wasteload allocation) by the appropriate value in the follmng table. 

Each value in the table is the ratio of the MDL to the AML as calculated by the followng relationship denved from Step 4 of the 
statistically based permit limit calculation procedure. 

where 
an2= In @/n + 1) 
a2 = In (cv2 +1) 5. 

CV = the coefficient of variation of the effiuent concentration 
n = the number of samples per month 
z,,, = the percentile exceedance probability for the MDL 
z, = the percentile exceedance probability for the AML 

I - 
I 
I Maximum = 99th percentile 

Ratio Between Maximum Daily and Average Monthly Permit Limits 
I 

Maximum = 99th percentile 
I Average = 99th percentile Average = 95th percentile ! 

I 

CV , n-1 n-2 n-4 n=8 n=30 I n=1 n=2 n=4 n=8 n=30 

1 .oo 
1 .oo 
1 .oo 
1-00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1.07 
1.13 
1.19 
1.24 
1.28 
1.31 
1.34 
1.35 
1.36 
1.37 
1.37 
1.36 
1.36 
1.35 
1.34 
1.33 
1.32 
1.31 
1.30 
1.29 

1.12 1.16 
1.24 1.32 
1.36 1.49 
1.46 1.66 
1.56 1 .a1 
1.64 . 1.95 
1.71 2.08 
1.76 2.1 9 
1.80 2.27 
1 .83 2.34 
1.84 2.39 
1.85 2.43 
1.85 2.45 
1.84 2.46 
1.83 2.46 
1.82 2.46 
1 .a0 2.45 
1.78 2.43 
1.76 2.41 
1.74 2.38 

1.20 
1.43 
1.67 
1.92 
2.1 8 
2.43 
2.67 
2.89 
3.09 
3.27 
3.43 
3.56 
3.68 
3.77 
3.84 
3.90 
3.94 
3.97 
3.99 
4.00 
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Figure 5 4 .  Maximum Daily Permit limit as a Function of the 
Coefficient of Variation 
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Figure 5-7. Relationship Between Average Monthly Permit 
Limits and Number of Samples Per Month 

If variability is mostly related to production, current data may be 
used to estimate the 0. If future variability is expected to be 
substantially different, the CV must be estimated. Discharges of 
toxic pollutants are generally more variable than discharges of 
conventional pollutants. It is important to use the best estimate of 
the CV that can be reasonably achieved. k explained in Chapter 
3, EPA's review of the uncertainty associated with effluent variabil- 
ity suggests that a minimum of 10 samples is needed to reason- 
ably quantfy the CV. . .  

One concem with respect to using an appropriate cv in the 
statistical limit derivation procedures is that CVs of regulated 
systems may be quite different from nonregulated systems. In 
other words, after permit limits are in place and the permittee is 
operating to achieve the requisite limits, the variability associated 
with the parameter of concern may change considerably. Where 

the permit Miter has reason to believe that the CV of the regu- 
lated system may behave differently from the nonregulated sys- 
tem (e.g., where changes in the treatment facility are planned), 
information conceming effluent concentration means and vari- 
ability can be obtained from effluent guideline documents for 
individual chemical parameters. 

Variability associated with effluent levels of both individual chemi- 
cals and whole effluent toxicity is difficult to predict for any 
individual situation. However, it is important to recognize that 
failure to assign any CV to an individual toxicant or the parameter 
toxicity involves an implicit assumption that there is no effluent 
variability present Based upon analyses of a wide variety of data 
from various types of plants, EPA recommends a value of 0.6 as 
a default CV, if the regulatory authority does not have more 
accurate information on the CV for the pollutant or pollutant 
parameter. Permit limits are usually not extremely sensitive to 
small changes in the CV. The value of 0.6 is typical of the range of 
variability of effluents measured by EPA (see Appendix A) and 
represents a reasonable degree of relative variability. However, 
wherever possible, it is recommended that data on effluent van- 
ability for the pollutant of concem be collected to define a CV 
rather than selecting a default value. 

The statistically based method for permit limit derivation results in 
an MDL that does not depend on monitoring frequency. How- 
ever, the AML decreases as the monitoring frequency increases, 
and a greater number for "n" is inserted in the relevant equations. 
Some permit writers are concerned with this outcome because 
facilities with more frequent sampling requirements appear to 
receive more stringent permit limits than those with less frequent 
monthly sampling requirements. 

The A M L  decreases as the number of monthly samples increases 
because an average of 10 samples, for example, is closer to the 
LTA than an average based on 4 samples. This phenomenon 
makes AMLS based on 10 samples appear to be more stringent 
than the moiithly limit based on 4 samples. However, the strin- 
gency of these procedures is constant across monitoring frequen- 
cies because the probability basis and the targeted LTA perfor- 
mance are the same regardless of the number of samples taken. 
Thus, a pennittee performing according to the LTA and variability 
associated with the wasteload allocation will, in fact, meet either 
of these AMLS when taking the corresponding number of monthly 
samples. 

For water quality-based permitting, effluent quality is determined 
by the underlying distribution of daily values, which i s  determined 
by the LTA associated with a particular WLA and by the CV of the 
effluent concentrations. Increasing or decreasing monitoring 
frequency does not affect this underlying distribution or treat- 
ment performance, which should, at a minimum, be targeted to 
comply with the values dictated by the WLA. Therefore, it i s  
recommended that the actual planned frequency of monitor- 
ing normally be used to determine the value of n for calculat- 
ing the AML However, in situations where monitoring fry 
quency is once per month or less, a higher value for n must be 
assumed for AMI. derivation purposes. This is particularly 
applicable for addressing situations such as where a single crite- 
rion is applied at the end of the pipe and a single monthly sample 
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is contemplated for compliance monitoring purposes, or where 
monitoring frequency is only quarterly. In this case, both the 
average monthly and the MDL would exceed the criterion. (For 
example, for a CCC of 1.0 chronic toxic unit WJ applied as a 
WIA at the end of the pipe, both the MOL and AML would be 1.6 
TU,; assuming CVd.6, n=l , and a 99-percent probability basis.) 
A discharger could thus comdy with the permit limit but rou- 
tinely exceed the criterion. Under these circumstances, the 
statistical procedure should be employed using an assumed 
number of samples of at kast f m  for the AML derivation. 

5.5.4 Fnlmlltfy Bads 
Selection of the probability basis for use in the equations in Boxes 
5-1 and 5-2 is a permitting authority decision necessary for estab- 
lishing statistically derived permit limits. Where a permitting 
authority does not have specific guidance for the probability 
basis, EPA recommends the following: 

For calculationof the LTAS from the W k  (Box 5-2): 

Both acute and chronic WUb.01 probability (99th per- 
centile level). 

For calculation of permit limits from the most limiting LTA (Box 5- 
1 ): 

- ‘ C  
MOL-.O1 probability basis (99th percentile level) 

AML-.O5 probability basis (95th percentile level). 

The probability lewlsfor deriving permit limits have beem used 
historically in connection with development of the effluent limits 
guidelines and have been upheld in legal challenges to the guide- 
lines [4]. It is important to note that these levels are statistical 
probabilities used as the basis for developing limits. The goal in 
establishing these levels is to allow the regulatory agency to 
distinguish between adequately operated wastewater treatment 
plants with normal variability from poorly operated treatment 
plants and to protectwater quality criteria. 

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. €PA considers the WLA to produce an effluent 
condition that should never be exceeded whenever the critical 
design conditions occur. To characterize this effluent condition, 
EPA uses the 99th percentile concentration from the upper tail of 
the effluent probabilistic distribution curve. The selection of this 
value is one which can have a significant influence on the level of 
conservatism in the permit limits. Permit authorities should con- 
sider Figures 5-8 and 5-9 to understand the effect of this decision 
along with other decisions on the AMLs and MDb. 

5.6. PEWIT WCUMENTATIOW 

The fact sheet and supporting documentation accompanying the 
permit must clearly explain the basis and the rationale for the 
permit limits. When the permit is in the draft stage, the support- 
ing documentation will setve to explain the rationale and assump 
tions used in deriving the limits to the permittee and the general 
public in order to allow public comment on the draft permit 

When the permit is issued, the administrative record for the 
facility (particularly the fact sheet) will be the primary support for 
defending the permit in administrative appeals including 
evidentiary hearings. This information also will serve to alert 
compliance/enforcement personnel to any special considerations 
that were addressed at the time of permit issuance. In addition, 
the accompanying documentation will be extremely important 
during permit reissuance and will assist the permit writer in devel- 
oping a revised permit 

In 40 CFR Part 124.56, a fact sheet containing “[alny calculations 
or other necessary explanation of the derivation of specific efflu- 
ent limitations“ for many draft permits is required. Accordingly, 
the WLAS along with the required LTA and CV used and the 
calculations deriving them must be included or referenced in the 
fact sheet The permit limit derivation method used must also be 
explained in the permit documentation. Where a permitting 
authority develops a standardized and simplified method for per- 
mit limit development as discussed in Section 5.4.2, the permit- 
ting authority may not need to document all of the underlying 
assumptions in the fact sheet, provided that the fact sheet refer- 
ences a written permit limit development protocol. Any other 
guidance used must also be cited. 

5.7 EXPRESSING UMITS AND DEVELOPING 
MONITORING REQUIREMENTS 

Limits must be expressed dearly in the NPOES permit so that they 
dearly are enforceable and unambiguous. Chapter 6 discusses 
compliance monitoring and enforcement problems that can re- 
sult from improperly expressed limits. All limits, both chemical- 
specific and whole effluent, should appear in Part 1 of the permit. 
Special considerations in the use of both chemical-specific and 
whole effluent toxicity limits are discussed below. 

5.7.1 Mass-hd E I f u e u t U ~  
Mass-based effluent limits are required by NPDES regulations at 
40 CFR 122.45(9. The regulation requires that all pollutants 
limited in NPDES permits have limits, standards, or prohibitions 
expressed in terms of mass with three exceptions, including one 
for pollutants that cannot be expressed appropriately by mass: -- . 
Examples of such pollutants are pH, temperature, radiation, and .A 
whole effluent toxicity. Mass limitations in terms of pounds per 
day or kilograms per day can be calculated for all chemical- 
specific toxics such as chlorine or chromium. Mass-based limits 
should be calculated using concentration limits at critical flows. 
For example, a permit limit of 10 mg/l of cadmium discharged at 
an average rate of 1 million gallons per day also would contain a 
limit of 38 kilograms/day of cadmium. 

Mass-based limits are particularly important for control of - 
bioconcentratable pollutants. Concentration-based limits will not 1 
adequately control’ discharges of these pollutants if  the effluent 
concentrations are M o w  detection levels. For these pollytants, 
controlling mass loadings to the receiving water is critical for 
preventing adverse environmental impacts. 

However, mass-based effluent limits alone may not assure attain- 
ment of water quality standards in waters with low dilution. In 
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these watws, the quantiiy of'efRuent discharged has a strong 
effect on the instream dilution and therefore upon the RWC. At 
the extreme case of a stream that is 100 percent effluent, it is the 
effluent concentration rather than the effluent mass discharge 

. that dictates the instream concentration. Therefore, EPA recom- 
mends that permit limits on both mass and concentration be 
specified for effluents discharging into waters with less than 
100 fold dilution to ensure attainment of water quality stan- 
dards. 

5.72 €hwgycOn&snatlaff 
Water quality-based permit limits by themselves do not provide 
any incentive to dischargers to reduce wastewater flows. The 
reverse is true; a more dilute effluent means water quality-based 
limits are more easily achieved. However, increased flow trans- 
lates into increased power consumption for treatment facilities. 
Significant power usage stems from pumping and mixing of 
volumes of wastewater in treatment systems. If the volume of 
wastewater can be reduced, power consumption can be reduced 
and less fossil fuel bumed. Such reductions can be expected to 
result in concomitant decreases in.air pollution. 

Therefore, EPA recommends that flow reductions and energy 
savings be qxutically encouraged where appropriate (usually in 
dilutions greater than 1OO:l) by allowing water quality-based 
permit limits tq be mass-based and by allowing concentration- 
based limits to vary in accordance with flow reduction require- 
ments. The permit also could indude an energy savings analysis 
subject to approval byas permitting authority. 

Metals 

Another common problem encountered in expressing permit 
limits OCCUK for metals. Some water quality standards express 
numeric criteria for metals in terms of the dissolved or acid soluble 
phase of the metal. NPOES regulations at 40 CFR 122.45(c) 
require permit limitations for metals to be expressed in terms of 
total recoverable metal unless (1) an effluent guideline requires 
the use of another form, (2) technology-based limits are estab- 
lished on a case-by-case basis, or (3) the approved analytical 
method measures only the dissolved form. 

_ .  - 

Where State water quality standards are expressed directly as total 
or total recoverable metals, the permit limit can be established 
directly. Where the water quality standards are expressed as 
dissolved or acid soluble metal, the permit writer will need to 
reconcile the different expressions of metals when establishing 
the permit limits. Some State water quality standards implemen- 
tation policies 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 of four approaches. First, the 
permit writer could assume no difference between the dissolved 
or acid soluble phases and the total recoverable phase. This is the 
most stringent approach and would be most appropriate 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 Miter could develop 
a site-specific relationship between the phases of metals by devd- 

- - -  - .  
oping a relationship rtnarrgh review of information on instream 
metal concentrations. This approach requires concurrent sam- 
pling of both metal phases during penods reflective of the envi- 
ronmental conditions used to determine the WIA. Third, the 
permit writer could use a relationship developed by EPA from 
national data; this relationship is described in the national guid- 
ance for determining WLAS for toxic metals in rivers. This relation- 
ship requires knowledge of instream concentrations of total sus- 
pended solids at the environmental conditions used to determine 
the WIA. Fourth, the permit writer could use a geochemical 
model, such as the equilibrium metal speciation model MlNTEQA2 
(see Chapter 4). However, the input data requirement of th i s  
model are equivalent to collecting site-specific data under Option 
2. These options will be expressed in more detail in subsequent 
guidance issued by EPA. . 

Detection Level Limits 

A commonly encountered problem is the expression of calculated 
limits for specific chemicals where the concentration of the limit is 
below the analytical detection level for the pollutant of concem. 
This is particularly true for pollutants that are toxic in extremely 
low concentrations or that bioaccumulate. 

The recommended approach for these situations is to include 
in Part 1 of the permit the appropriate permit limit derived 
from the water quality model and the WLA for the parameter 
of concem, regardless of the proximity of the limit to the 
analytical detection level. The limit also should contain an 
accompanying requirement indicating the specific analytical 
method that should be used for purposes of compliance monitor- 
ing. The requirement should indicate that any sample is analyzed 
in accordance with the speufied method and found to be below 
the compliance level will be deemed to be in compliance with the 
permit limit unless other monitoring information (as discussed 
below) indicates a violation. Sample results reported at or above 
the compliance level should be reported as observed whereas 
samples below the compliance level should be reported as less 
than this level. 

The level of compliance cited in the permit must be clearly 
defined and quantified. For most NPDES permitting situations, 
EPA recommends that the compliance level be defined in the 
permit as the minimum level (ML). The ML is the level a t  
which the entire analytical system gives recognizable mass 
spectra and acceptable calibration points. This level corre- 
sponds to the lowest point at which the calibratron cuwe is 
determined based on analyses for the pollutant of concern in a 
reagent water. The ML has been applied in determinations of 
pollutant measurements by gas chromatography combined with 
mass spectrometry. The concept of a minimum level recently was 
used in developing the Organic Chemicals, Plastics, and Synthetic 
Fibers effluent guidelines [SI. 

The minimum level is not equivalent to the method detection 
level, which is defined in 40 CfR Part 136 Appendix B as the 
minimum concentration of a substance that can be measured and 
reported with 99-percent confidence that the analyte concentra- 
tion is greater than zero and is determined from the analysis of a 
sample in a given matrix containing the analyte. EPA is not 
recommending use of the method detection level because , 
quantitation at the method detection level is not as precise as at 
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the ML It is not similar to the practical quantitation limit (PQL), 
which is typically set as a speafic (and sometimes arbitrary) 
multiple of the method detection level. Because the PQL has no 
one definition, EPA is not recommending its use in NPDES permit- 
ting. Nor is it similar to other terms such as the limit of detection, 
limit of quantitation, estimated quantitation limit, or instrument 
detection limit. 

The permitting authority may choose to specify another level at 
which compliance determinations are made. Where the perrnit- 
ting authority so chooses, the authority must be assured that the 
le4 is quantifiable, defensible, and close as possible to the permit 
1 4 .  

Where water quality-bad limits below analytical detection 
levels are pbced in permits, EPA recommends that special 
conditions also be induded in the permit to hdp ensure that 
the limits are being met and that excursions abow water 
quality standards are not occurring. Ewmples of such special 
conditions indude fish tissue collection and analyses, limits and/or 
monitoring requirements on internal waste streams, and limits 
and/or monitoring for surrogate parameters. This information 
can be used to help support reopening the permit to establish 
more stringent effluent limits if necessary. 

5.7.4 

Test Methods 

NPDES regulations at 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 approwd method, the 
permit must specify the method to be used. The permit should 
also carefully consider any other case-spdic aspects of the whole 
effluent toxiaty test metha  that should be designated in the 
pennit. Such aspects as the dilutions at which testing will be 
conducted, the diffenwt species to be used, the specific end- 
points, the statistical procedures for analyzing the data, quality 
assurance, and other factors should be dearly stated as a permit 
condition to assure that the whole effluent toxicity testing that is 
performed to ascertain Compliance with a limit or monitoring 
requirement is the test procedure the regulatory authority desires. 
In some instances, promulgated methodologies allow significant 
flexibility and choice in how the method is actually conducted. A 
simple reference to the methodology in the permit may not result 
in the test being conducted as intended. 

Units of Expression and Detection Levels 

la Ilb l b  sf W e  E " t  Tdclfy 
udts 

- - c. 

The permit limit for toxicity itself and the detection levels, or 
sensitivity levels, associated with the various types of toxicity tests 
determine the type of monitoring requirement, which should be 
specified with the limit. It is a misconception to think, for ex- 
ample, that only acute toxicity tests should be used where the 
WLA for acute protection is used to derive the more limiting LTA 
or should always be used to monitor for the MOL It is a similar 
misconception to think that only chronic tests should be used 
where chronic LTA is limiting or should always be used to monitor 
for the awrage monthly limit. The MDLs and AMLs are derived 
from the more limiting of the two LTAS. Therefore, either acute or 

chronic tests might apply to a given situation depending upon 
the test detection levels or test sensitivity. 

For example, a limit of 5 TU, (no observed effect concentration 
[NOEC] of 20 percent or greater) would require chronic toxicity 
testing where the ACR is 20 for that effluent. An acute test would 
not be sensitive enough to measure effluent toxicity in this in- 
stance, since 5 TU, would be equivalent to 0.25 TU,. Conversely, 
if the ACR was 2, then an acute test could be used because 5 TU, 
would be equal to 2.5 TUa. Generally, there is no reason to mix 
two types of monitoring requirements for the same limit when 
limits are derived from the most limiting LTA. Doing so will 
confuse the results and complicate assessments of average monthly 
limits where sampling frequency is greater than once per month. 

The acute toxicity test, when using an LCso as the test endpoint, 
has an upper sensitivity level of 1 00-percent effluent, or 1 .O TU,. 
If less than 50 percent of the test organism die at 1 OO-percent 
effluent an LCso cannot be determined from the test data, and 
the true LCso value for the effluent cannot be measured. In this 
situation, an acute test could still be used for compliance monitor- 
ing purposes but the endpoint would need to be changed to a 
greater level of sensitivity. The endpoint could be specified in 
terms of "no statistically significant difference in acute toxicity 
between 100 percent effluent sample and the control." This is 
the most sensitive application of an acute test and could be used 
for monitoring compliance with a limit that, because of lack of 
available dilution, applies the EPA recommended acute criterion 
of 0.3 TU, at  the end of the pipe. 

However, these tests would not accurately quantify any level of 
chronic toxicity present. For chronic testing, an effluent with an 
NOEC of greater than 100 percent presents a similar test sensitiv- 
ity problem. An effluent with an NOEC of greater than 100 
percent contains less than 1.0 TU, and would meet the EPA 
recommended chronic criterion for toxicity at the edge of the 
mixing zone, if dilution were available, as well as at the end of the 
pipe if no dilution were available. 

Description of Limits 

When toxicity limits are used, additional description of the limit is 
required. The limit should be stated in Part 1 as "effluent toxicity" 
in the parameter column with "maximum TU," "minimum ATE 
[acute toxicity endpoint]," or "minimum NOEC" in parentheses 
underneath. The numerical values should be placed in the appro- 
priate concentration column followed by TU or a percent sign. A 
footnote should direct the reader to Part 3 for specific require- 
ments on how to conduct the tests. The descnption in Part 3 
should accomplish the following: 

Explain how the limit is expressed (e.g., the limit is the 
minimum ATE expressed as percent effluent or the limit is 
the maximum TU,) 
Specrfy the test species and the test methods for compli- 
ance monitoring purposes 

Describe any special reporting or followup requirements 
(e.g., requirements to conduct a toxicity reduction evalua- 
tion). r 
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The language in Part 3 should be modified as needed to suit the 
situation. The following example language is provided only for 
purposes of illustration: 

"The effluent toxicity limit contained in Part 1 is the allow- 
able chronic toxicity to the most sensitive of three test 
species. It is expressed as the allowable NOEC in percent 
effluent. The required test species and the procedures to 
follow are described in Short Term Methods fw Estimating 
the Chmnic loxicity of Effluents and Receiving Watm to Fresh- 
water Oganisms, EPA/600/4-89/001, March 1989." 

'The permittee shall conduct monitoring ofeffluenttoxicity 
once per month. One 2ehour composite sample shall be 
collected and tested within 24 hours of collection. Results 
shall be reported as the NOEC. Any test that does not meet 
quality control requirements as described in the above 
referenced methods shall be repeated using a freshly col- 
lected sample as soon as practicable." 

5.7.5 Selection oih lmMng F"&s 
There is no fixed guidance on establishment of monitoring fre- 
quencies. The decision on the monitoring frequency is case- 
specific an$ needs to consider a number of factors, induding 
those listed below: 

Type of treatment process, including retention time 

Environmental significance and nature of the pollutant or 
pollutant parameter 

Cost of monitoring relative to the discharger's capabilities 
and benefit obtained 

Compliance histow 

Number of monthly samples used in dewloping the permit 
limit 

- ~ *. 

Effluent variability. 

Based upon an array of data analyzed for both individual chemi- 
cals and whole effluent toxicity, and independent of other consid- 
erations, €PA has observed that ideally 10 or more samples per 
month provides the greatest statistical likelihood that the average 
of the various monthly values will approach the true monthly LTA 
value. In practice, however, selection of monitoring frequencies 
will need to consider the previously mentioned factors and arrive 
at a reasonable compromise of the appropriate considerations. 

5.7.6 Amlyti~V'llty 
Permits require monitoring to establish whether a facility is dis- 
charging at .a  level that complies with the permit limits. AI1 
monitoring includes anapcal variability. The true concentration 
in a sample can be higher or lower than the measured one due to 
this variability; howewr, there is no way to predict which way it 
will go. 

Historically, €PA has not directly considered analytrcal variability 
from monitoring methods when establishing permit limits. If the 
upper bound of the anapcal variability was added to the limit, 
there would be a higher potential that the permit limit would fail 

to protect the wasteload allocation. This would not be consistent 
with 40 CFR 122.44(d)(l). On the other hand, if the lower bound 
of the analytical uncertainty was subtracted from the limit, there 
would be better assurance that the limit achieved the WLA. This 
approach could be ovedy conservative given the other factors 
used to develop permit limits. EPA believes that its recommended 
approach provides a balance between these two extremes. 

5.7.7 Aatlha&didlng 
CWA Section 402(0) 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- 
miw'ble only if either the requirements of Sections 402(0)(2) or 
303(d)(4) are met. These two provisions constitute independent 
exceptions to the prohibition against relaxation of permit limits. If 
either is met, relaxation is permissible. 

Relaxation of Water Quality-based Limits Under 
Section303(d)(4) 

Section 402(0)(1) prohibits the establishment of less stringent 
water qwlity-based effluent limitations "except in compliance 
with Section 303(dX4)." Section 303(d)(4) has two parts: Para- 
graph (A), which applies to "nonattainment waters" and Para- 
graph (B), which applies to "attainment waters." 

Nonattainment waters: Section 303(dX4)(A) allows estab- 
lishmht of less stringent water quality-based effluent limi- 
tations in a permit for discharge into a nonattainment 
water only if (1) the existing permit limitation must have 
been based on a total maximum daily load (TMDL) or other 
WLA established under Section 303, and (2) attainment of 
water quality standards must be assured. 

Attainment waters: Section 303(d)(4)(B) allows establish- 
ment of less stringent water quality-based effluent limita- 
tions in a permit for discharge into an attained water as 
long as the revised permit limit is consistent with a State's 
antidegradation policy. This is not restricted to limits based 
on a TMDL or WIA. 

Relaxat ion  of Water Quality-based Limits Under 
Section 402 

Section 402(0)(2) also outlines exceptions to the general prohibi- 
tion against establishment of less stringent water quality-based 
permit limits in a permit. Under Sedon 402(0)(2), the establish- 
ment of less stringent limits based on water quality may be 
allowed where: 

1) There have been material and substantial alterations or 
additions to the permitted facility which just@ this relax- 
ation. 

2) Good cause exists due to events beyond the permittee's 
control (e.g., acts of Cod) and for which there is no reason- 
ably available remedy. 

3) The permittee has installed and properly operated a)d 
maintained required treatment facilities but still has been 
unable to meet the permit limitations (relaxation may only 
be allowed to the treatment levels actually achieved). 
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4) New information (other than revised regulations, guidance, 
or test methods) justifies relaxation of water quality-based 
permit limitations. 

This last exception applies to water quality-based permit 
limitations only where the revised limitations result in a net 
reduction in pollutant loadings and are not the result of 
another discharger's elimination or substantial reduction of 
its discharge for reasons unrelated to water quality (e.g., 
operation tmination). 

Although Paragraph 402(0)(2) lists two additional exceptions, 
one for technical mistakes and mistakes of law and one for permit 
modifications or variances, the statute provides that these excep 
tions do not apply to water quality-based effluent limitations. As a 
result, these exceptions do not provide a basis for relaxing water 
quality-based limitations. 

Relaxation of Water Quality-Based Permit Conditions or Stan- 
dards 

The provisions in Section 402(0) discussed previously only ad- 
dress the relaxation of effiuent limits based on water quality. The 
relaxation of other permit conditions or standards based on water 
quality ire gwemed by EPA's existing antibacksliding regulations 
at 40 CfR 122.440)(1). Under these regulations when a permit is 
renewed or reissued, interim effluent limitations, standards, or 
conditions must be at  -least as stringent as the final effluent 
limitations, standards,'or'cbnditions in the previous permit "un- 
less the circumstances on which the previous permit was based 
have materially and substantially changed since the time the 
permit was issued and would constitute cause for permit modifi- 
cation...". In other wdrds, unless cause for permit modification is 
present, relaxed conditionsor. itandards are not permissible. EPA 
regulations setting forth caGe for permit modification can be 
found at 40 CfR 122.62. 

Restrictions of Backsliding 

Even if any of the backsliding exceptions outlined in the statute or 
regulations are applicable and met, Section 402(0)(3) acts as a 
floor and restricts the extent to which water quality-based permit 
limitations may be relaxed. Paragraph (0x3) prohibits the relax- 
ation of water quality-based permit limitations in all cases if there 
will be a violation of applicable effluent limitation guidelines or 
water quality standards, including antidegradation requirements. 
This requirement affirms existing provisions of the CWA that 
require permit limits, standards, and conditions to ensure compli- 
ance with applicable technology-based limits and water quality 
standards. 

Where monitoring indicates unacceptable effluent toxicity, one 
principal mechanism for bringing a discharger into compliance 
with a water quality-based whole effluent toxicity requirement is a 
toxicity reduction evaluation (TRE) (61. The purpose of a TRE is to 
investigate the causes and to identify corrective actions for dfi- 
cult effluent toxicity problems. The permitting authority may 
require that the permittee conduct a TRE in those cases where the 

discharger is unable to explain adequately and immediately cor 
rect exceedances of a whole duen t  toxicity permit limit o 
requirement. 

A TRE is a site-speafic study conducted in a stepwise process t c  
narrow the search for effective control measures for effluent toxic- 
ity. TREs are designed to identffy the causative agents of effluen, 
toxicity, isolate the sources of the toxicity, evaluate the effective 
ness of toxicity control options, and then confirm the reduction if 
effluent toxicity. The ultimate objective of a TRE is for the dis 
charger to achieve the limits or permit requirements for effluen 
toxicity contained in the permit and thereby attain the watei 
quality standards for receiving waters. 

r 

The requirement for a permittee to conduct a TRE may be writter 
into the special conditions section of a permit, which contain! 
whole effluent toxicity limits. In some cases, the permit issuing 
authority may also use other legally binding mechanisms, includ. 
ing Section 308 letters, Administrative Orders, or Consent De- 
crees, to require a TRE. 

fl 

5.8.1 'lilF 6~- 
To assist p i t t e e s  in conducting TRb and achieving compliance 
with whole effluent toxicity limits, EPA has developed a series of 
three guidance documents [6, 7, 8): r 

-L 

Cenemlized Mefhodohqy for Conducting Industrial Toxicib 
Reduction Evaluations (EPA/600/2-88/0 70) 

Toxicity Reducfion Ewltmfion Protocol for Municipal Wusfewa. 
ter Treafmenf Plants (EFW600/2-88/062) 

Methods for Aquatic Toxicity ldentificufbn Evaluations: 

Phase 1 Toxicity Characterization Procedures (EPA/600/3- 
881034) 

Phase 2 Toxicity Identification Procedures (EPA/600/ 

Phase 3 Toxicity Confirmation Procedures (EPA/600/ 

L 

k 

3-881035) 

3-e8/036). 

These guidance documents describe the methods and proce- 
dures for conducting TREs and Toxicity Identification Evaluations 
(TIES). They are based on the results of EPA's continuing efforts in- - 
TRE methods research and case study applications. Separate T R E A  
guidance has been developed for industrial dischargers and mu. 
nicipal wastewater treatment plants to better address the circum- 
stances of each type of facility. Procedures for the characteriza- 
tion, identification, and confirmation of the causative agents of 
effluent acute toxicity have been developed and are described in a 
thephased TIE methods manual. These TIE methods are appli- 
cable to both industrial and municipal effluents and are an inte- 
gral part of the protocols for TREs described in the industrial and 
municipal TRE guidance documents. TIE methods using chronic - 
toxicrcy tests for idenwng toxicants will soon be developed and - 
available in a draft guidance document. 

I 
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To ensure the successful completion of a TRE, the guidance 
documents recommend a systematic, stepwise approach that 
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eliminates the possible causes or SOUK~S of toxicity until a solution 
or control method is determined. The guidance documents 
discourage “playing hunches” or implementing extensive control 
measures solely on the basis of unsubstantiated conclusions (e.g., 
selecting and implementing a treatment plant upgrade without 
adequate information). Experience shows that unnecessary delays 
and expenditures in achieving the objective of the evaluation are 
avoided by building a sound scientific and engineering basis for 
selection of a control method. This can best be done by the 
logical interpretation of the information and data collected in a 
systematic approach to a TRE. The causes or control methods 
identified should then go through a confirmation stage. This is 
especially important in cases where the control method selected 
requires the construction of additional treatment A flow chart, 
generalized from the guidance documents, for this approach to 
TREs is presented in Figure 5-10. The steps in this flow chart are 
summarized in the following discussion. 

Determination of TRE Objectives and Development of the TRE 
Plan 

Obviously, the success of any study is dependent on a clear 
understanding of what is to be achieved and how these objectives 
are to be demonstrated and measured. Typically, TRE objectives 
are set by the regulatory authority in terms of a toxicity test 
endpoint (ATE or chronic toxicity endpoint [ (XI)  in order to 

i =. 1 
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Figure 5-10. Cencrallzed TRE Flow Chart 

meet a limit or permit condition. TRE plans should be submitted 
by the discharger as soon as possible. In some cases, this could be 
30 to 60 days following notification that a TRE is required. In 
other instances, this period could be longer. These plans are 
important for ensuring that the TRE objectives are well under- 
stood and that the TRE to be conducted is thorough and repre- 
sents a reasonable effort to achieve the required reduction in 
effluent toxicity. An implementation schedule should also be 
developed describing the timeframe for completion of the specific 
components of the TRE plan by the required TRE completion 
date. This schedule should be submitted for review in conjunc- 
tion with the TRE plan. EPA recommends that the TRE schedule 
should be set or appnwed by the regulatory agency. Approval 
of the schedule and the completion date should not imply ap- 
proval of the TRE plan itself or the procedures and methods 
outlined in the plan. Instead, the mE plan should only be 
reviewed and any comments provided to the permittee as needed. 

To assist in this review, Box 5-3 provides evaluation criteria for TRE 
plans. The permitting authority should review the I R E  plan and 
inform the discharger of any apparent shortcomings or potential 
problems. The TRE should not-be delayed pending completion of 
the review of the plan. The specified completion date for the TRE 
must still be met and the permittee should be expected to begin 
steps to investigate and alleviate the effluent toxicity as soon as 
possible following notification that a TRE is required. During the 
course of the TRE, the regulatory agency should provide over- 
sight, as time permits, to make the TRE as effective as possible. 

Evaluation of Existing Site-specific Information 

The next s tep  involves the collection of any information and 
analytical data relevant to the effluent toxicity. The permittee 
should begin collecting and evaluating this information as soon as 
possible following notification that a TRE is required. In some 
cases; this step may be conducted concurrently with accelerated 
toxicity testing as part of the development of a TRE plan. For an 
industrial discharger, this part of the evaluation would include 
information such as plant and process information, influent and 
effluent physical and chemical monitoring data, effluent toxicity 
data, and material use. For a POTW, additional information, such 
as industrial waste survey applications, local l imb compliance 
reports, and monitoring data, should be collected. This informa- 
tion is used to supplement the data generated in the later steps of 
the TRE and may be useful at that stage to point to potential 
sources or treatment options. 

Evaluation of Facility Operations and Maintenance 
Practices 

This  part of the evaluation is performed in order to ascertain 
whether the facility is consistently well operated and whether the 
effluent toxicity is the result of periodic treatment plant upsets, 
bypass, or some other operational deficiency that may be causing 
or contributing to the effluent toxicity. Th is  part of the TRE should 
be initiated immediately after notification that a TRE is required. 
Altematively, the permittee may begin to conduct this step at the 
same time that any accelerated toxicity testing is required. At 
both municipal and industnal facilities, this step would involve the 
evaluation of “housekeeping,” treatment system operation, and 
chemical use. In some cases, best management practices (BMPs) 
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may be identified, which would impme operations and effluent 
quality. However, the effectiveness of BMPs in reducing effluent 
toxicity should be carefully confirmed, and it will usually be 
necessary to test a number of samples and perhaps to conduct 
Phase 1 of the TIE to develop this level of certainty. The results of 
this evaluation may lead to preliminary strategies for source re- 
duction and pollution prevention, including spill or leak preven- 
tion, improvements in material handling and disposal practices, 
or substitution or muse of a compound known to be highly toxic. 

Toxicity Identification Evaluation 

TIE procedures are'perfonned in three phases: characterization, 
identification, and confirmation [q. In each phase, aquatic or- 
ganism toxicity tests are used to track toxicity at each step of the 
procedure. In most cases, these are abbreviated or shortened 
toxicity tests. In the toxicity characterization phase, the general 

nature of the causative agents of effluent toxicity or toxicants is 
determined. This is done by conducting a battery of tsts to 
characterize the physicalkhemical characteristics of the toxicity: 
solubility, volatility, decomposability, complexibility, filterability, 
and sorbability. This information can then be used to decide 
which chemical analytical methods will to use in Phase 2 or it can -K be used to design treatability studies. F 

The results of Phase 1 also may be used to provide additional 
confirmation of the effectiwness of any BMP that was imple- 
mented in the previous step of the TRE to reduce the effluent 
toxicity. This would require conduco'ng at least one Phase 1 
analysis prior to implementation of the BMP &e., any source 
control method implemented as a result of the evaluation of 
facility operation and maintenance). The results of this analysis 
would then be compared with Phase 1 results from samples taken E 
after BMP implementation. 

Box 5-3. Evaluation Criteria for TRE Plans 

Are the objectives or targets of the TRE stated dearly and accurately? 

Are the schedule and milestones for accomplishing the tasks described in the study plan? 

Are the fin4 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 areproposed, 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 usedto focus on the most effective 
approach for any subsequent source investigations, treatability studies, and control method evalua- 
tions? 

Are optimization of existing plantkreatment operations and spill control programs part of the initial 
steps of the TRE? 
Does the TRE plan allow a sufficient amount of time and appropriate level of effort for each of the 
components of the study plan? 

Does the TIE use broad characterization steps and consider quantitative and qualitative effluent 
variability? 

Is toxicity tracked with aquatic organism toxicity tests throughout the analyses? 

Is the choice of toxicity tests for the TRE logical and will correlations be conducted if the species used 
are different from those used for routine biomonitoring? 

Is the laboratory analytical capability and the expertise of the investigator broad enough to conduct 
the various components of the evaluation? 
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In Phase 2 of the TIE, the results of Phase 1 are built upon, and the 
TIE proceeds to chemical analyFcdesigned to identrfy the specific 
chemicals causing effluent toxiaty. In Phase 3, the identified 
toxicants are confirmed using a number of procedures, including 
correlation of toxicity with chemical concentration, spiking ex- 
periments, toxicity mass balance, and additional test species and 
their symptoms. 

The current version of the TIE methods uses acute toxicity tests to 
characterize and identdy the toxicants. In some cases, these 
methods may also be ‘used for TREs where the objective is to 
reduce chronic toxicity. In order for these methods to be appli- 
cable, howewr, there must be some measurable acute toxicity in 
the effiuent samples that are to be characterized in Phase 1 and 
analyzed in Phase 2. If this approach is used, the appropriate 
chronic toxicity test, as specified in the TRE objectives and permit 
requirements, should then be used in the Phase 3 confirmation 
procedures. This will confirm that the toxicant(s) identified using 
acute tests in Phases 1 and 2, are indeed causing the whole 
effluent chronic toxicity, which must be reduced. 

It is possible to use the methods and procedures described in the 
other components of the overall TRE with either acute or chronic 
toxicity tests. The fact that the previous vetSiOn of the EPA TIE 
methods -acute toxicity tests should not be constNed to mean 
that TREs cannot be required or conducted for the redqction of 
chronic toxicity. These methods provide additional tools to assist 
permittees in .the ndud.on of whole effluent chronic toxicity. 
Phase 1 procedures that use chronic toxicity tests will soon be 
available in draft EPA guidance. These TIE.methods are applicable 
to freshwater discharges to either saltwater or freshwater receiv- 
ing waters. The use of these methods for saltwater receiving 
waters may require their adaption for use with marine test species 
or, preferably, an initial codation of the recommended freshwa- 
ter TIE test species to the marine species used for monitoring. 

Source Investigation 

Based on the results of the TIE, a decision is made on whether to 
conduct treatability studies on the final effluent and/or conduct a 
source investigation. A source investigation is most readily per- 
formed when the specific toxicants have been identified and 
influent samples can be analyzed for the presence of these com- 
pounds or when potential source streams can be selected for 
chemical analysis (based on the results of the initial data acquisi- 
tion step). However, in some cases where the speufic causative 
agents of effluent toxicity have not been identified in the TIE, it 
may be possible to conduct a source investigation by “treating” 
influent samples in bench-scale models of the facility treatment 
plant, measuring the toxicity of the treated sample and then 
tracking this toxicity to its source. 

Source investigations will lead to control methods, such as chemi- 
cal substitution, process modification, treatment of process or 
influent streams (pretreatment), and possible elimination of the 
process. For POlWs, source investigations may lead to the dewl- 
opment of local limits or to the requirement that an indirect 
discharger evaluate and control their effluent so as to reduce its 
toxicity and prevent passthrough at the POW. The implementa- 
tion of source control methods can &ectively reduce effiuent 
toxicity and also can avoid any mss-media transfer of pollutants 

to air or sludge, which may occur as a result of end of pipe 
treatment. Types of source control methods that have proven to 
be effective in reducing effluent toxicity are improvements in 
facility housekeeping, chemical substitution, process optimiza- 
tion, reclamation/re-use, and pretreatment, 

Toxicity Treatability Evaluation 

Toxicity treatability evaluations are conducted to identify possible 
treatment methods that can effectively reduce effluent toxicity 
and may involve modifications or additions to the existing Wem. 
Treatability studies generally use the same type of information on 
the nature of the chemicals to be removed as is generated by 
Phase 1 of the TIE. These treatability tests should be conducted 
on a bench-scale initially and then a pilot scale prior to construc- 
tion of additional treatment or substantial modification of the 
existing plant. The use of these bench- and pilot-scale tests, 
coupled with aquatic organism toxicity tests, should be used to 
confirm the effectiveness of the treatment option. Confirmation 
of the results of treatability studies is equally important as it is for 
the TIE. Skipping this confirmation step is an invitation for 
unwarranted expense. 

Toxicity Control Method Selection and Implementation 

After the investigative steps of the TRE are completed, it is not 
unusual for a.number of possible control options to have been 
identified. At this point, a site specific selection must be made by 
the discharger based on the technical and economic feasibility of 
the various altematives. Following th is  selection, the toxicity 
control method is implemented or a compliance plan is submit- 
ted if construction of additional treatment requires a substantial 
amount of time. 

Followup and Confirmation 

After the control method is implemented and the final TRE report 
is submitted, the permitting agency should direct the permittee 
to conduct followup monitoring to confirm that the reduction in 
effluent toxicity is attained and maintained. Normally, this moni- 
toring should follow an accelerated schedule, weekly or biweekly 
toxicity tests, for a period of 2 to 3 months to confirm the 
effectiveness of the controls implemented and the continued 
attainment of the TRE o b m e .  This fQllowup monitoring should 
use the same species as were specified for routine toxicity testing 
in the permit. The test endpoints of these toxicity tests should be 
the same as those which were calculated by the water quality- 
based permit limit derivation procedure used when the permit 
was issued. Once the discharger has demonstrated the successful 
completion of the TRE, the permitting agency should direct the 
discharger to retum to the routine permit monitoring schedule. 

5.8.3 C i ” a W a n a n t i n g a  IRE 
It is the responsibility of the permitting authority to determine if 
the permit limits and/or the State water quality criteria have been 
threatened or violated and to notify the permittee if a TRE is 
required. It is appropriate for the permitting authority to require 
additional toxicity testing following the initial exceedance or v ip  
lation. This additional testing may precede notification that a TRE 
will be required or it may be considered as the initial part of the 
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TRE and be conducted simultaneously with TRE plan develop- 
ment and the evaluation of other existing site-specific informa- 
tion. 

It is  important to recognize that the purpose of tt)is)dditional 
toxicity testing is to determine the continued presence or absence 
of effluent toxicity and the magnitude of that toxicity. This 
information can then be used to determine the continued compli- 
ance or noncompliance with the limit or permit conditions for 
effluent toxicity. These tests do not sewe to venfy or confirm the 
initial test results from an earlier sample. Instead, the permit 
authority shall use the results of thek t k t o  detehine if a TRE or 
some other action is the appropriate response to the initial occur- 
rence of toxicity. 

If the permit has a limit for whole effluent toxicity, then generally, 
the permit should not include any specific conditions for acceler- 
ated toxicity testing or for triggering a TRE or some other action 
(e.g., exceedances in two consecutive tests or exceedances in any 
three out of five tests). CWA Section 309 requires that any single 
violation of a permit limit may be subject to enforcement The 
EPA Compliance Monitoring and Enforcement Strategy for Toxia 
Control (Jpnuary 19, 1989, Appendix 8-4) states that, "Each 
exceedance of a directly enforceable whole effluent toxicity limit 
i s  of concern to the regulatory agency and therefore qualifies as 
meeting the VRAC [violation review action criterion] requiring 
professional review." Accelerated monitoring should only be 
used to assist in this profesiidnal review to determine what, if any, 
enforcement response is necessary, including the need for the 
permittee to conduct a TRL' It will be necessary for the Region or 
State regulatory authority to determine thin on a caseby-case 
basis. This must be done in a manner consistent with the priori- 
ties established in their respectlw toxics control strategies and 
permitting procedures. - 

In situations where it is determined that accelerated testing is 
appropriate, a maximum of weekly tests for a minimum period of 
2 months is recommended. This would result in eight tests, plus 
the routine monitoring toxicity test that initially indicated the 
exceedence or violation, for a total of nine tests in the series. As a 
practical approach for determining if a TRE is an appropriate 
response, E P A  recommends if toxicity is repeatedty or pcriodi- 
cally present at levds above the effluent limits more than 20 
percent of the time, a TRE should be required. With toxicity 
present at this rate, the TRE protocols will be useful. 

In most cases, any one additional exceedance (beyond the initial 
routine monitoring toxicity test result) in the accelerated toxicity 
tests could result in notification of the permittee that a TRE is 
required. Exceptions to this guideline might include cases where 
the permittee is able to adequately demonstrate that the cause of 
the exceedances is known and corrective actions have been im- 
mediately implemented or cases where additional test quality 
assurance/quality control (QNQC) is necessary or desirable. The 
submittal of QC fact sheets for self-biomonitoring (e.g., Appendix 
6-21 should always be recommended to avoid QNQC problems. 

If the test results indicate that toxicity is not consistently or 
repeatedly present in the test series, previous discharge monitor- 
ing reports (DMRs) should be examined to ascertain if a recurrent 
problem exists. If the problem is recurrent, a TRE should be 
required, and the TRE plan should explain how the design of the 

If the accelerated testing and previous DMRs show the continued 
absence of effluent toxicity, then the initial exceedance would be 
considered an episodic event and a TRE should not be required. A 
TRE is not an appropriate response to a single, episodic effluent 
toxicity event (e.g., a spill or a plant upset). By conducting 
accelerated testing following a violation or exceedance of a per- 
mit condition, unnecessary TRG can be avoided. Similarly, con- 
ducting accelerated testing as part of the initial steps of a TRE will 
allow for the TRE to be ended in its very early stages if the toxicity 
is immediately controlled or determined to be episodic or nonre- 
current. By following the TRE guidance and incorporating accel- 
erated testing into the TRE, unnecessary analyses and expense can 
be avoided. 

evaluation will address this periodic or recurrent effluent toxicity 
problem. In these cases, more elaborate sampling design and 
influent or process stream monitoring may be needed. It should 
be expected that TRG conducted under these circumstances will 
probably require a more flexible schedule and perhaps additional 
time before the required compleuon date. 

It also is important to note that for the practical purposes of 
conducting a TRE (as opposed to the purpose of determining if a 
TRE should be required or not), the magnitude of the effluent 
toxicity needed to conduct a T R E  may be less than the magnitude 
or level set as the permit limit or pennit monitoring condition. 
This is because if the limit or monitoring condition is water 
quality-based then some amount of dilution will usually be incor- 
porated in determining the unacceptable level of effluent toxicity. 
In some cases, it may be possible for the T R E  procedures to be 
camed out even if the toxicity does not actually exceed this 
permitted I&. This will be the case as long as the effluent 
toxicity is periodically or consistently present in measurable 
amounts in samples of 1 OO-percent effluent. 

It also is reasonable for a discharger to initiate a TRE prior to the 
establishment of a pwnit limit for toxicity ii unacceptable levels of 
toxicity are found in the effluent through routine monitoring or 
through inspection and compliance sampling by the regulatory 
authority. Under these circumstances the regulatory authority 
will need to identify what constitutes unacceptable levels of toxic- 
ity since this will not be defined by a permit limit (see Chapter 3 
on determining the reasonable potential for excursions of water 
quality standards). It also is not unreasonable for the discharger 
to voluntarily initiate a TRE under these circumstances. 

There are a number of mechanisms that can be used to require a 
TRE. In most cases, the TRE should be required by a Section 308 
letter or by an-enforcement action, such as a Section 309 Admin- 
istrative Order or a Consent Decree. The permittee should receive 
notification from the permit authority of what response is re- 
quired. This enables the permit authority to asses whether a TRE 
is the appropriate action to pursue. If effluent toxicity reappears 
following the successful completion of a TRE, then the permit 
authority should be able to review this type of situation to deter- 
mine if an additional T R E  is appropriate or if some other actidn is 
required. In general, when the permit is issued with whole 
effluent toxicity limits in Part 1 of the permit, TRE requirements 
should be used where necessary to bring the permittee into 
compliance with those limits. Box 5 4  provides example lan- 
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guage for effluent toxiaty limits, developed as part of the Whole 
Effluent Toxicity Basic Permitting Principles and Enforcement Strat- 
egy (Appendix w. 
Box 5-5 presents sample language for use in requiring TREs by a 
Section 308 letter or a Section 309 Order. This sample language, 
especially the reporting dates, should be tailored to fit the specific 
permittee. The completion date should be specified on a case-by- 
case basis. Factors to consider in setting th i s  completion date 
indude the type of facility, the variability of the effluent, and the 
previous compliance history. In order to conduct a TRE, reason- .. . - 

able timeframes are 6 to 18 months for an industrial discharger 
and 12 to 24 months for a municipal wastewater treatment plant. 
For POTWs, it may take longer to conduct a TRE due to lengthy 
government contracting procedures, large sewer collection sys- 
tems, and less influent constituent control. It should be recog- 
nized that extensions to these initial timeframes may be granted if 
the progress reports demonstrate that this is warranted. In situa- 
tions where reductions in chemical concentrations to meet chemi- 
cal-specific limits are needed as well as reductions in effluent 
toxicity, the timeframes may be adjusted to enable those efforts 
to proceed simultaneously. 

Box 5-4. Model Permit Language for Effluent Toxicity Limits 

Part 1 .A. Final Effluent Limits and Monitoring Requirements 

During the period beginning on the effective date of this permit and lasting until the expiration date, the 
permittee is authorized to discharge in accordance with the following limits and monitoring requirements 
from the following oudall(s): 001. 

Effluent Characteristic Discharge Limit Concentration Monitoring Requirement 

Reporting Daily Monthly Measurement Sample 
Codelunits Parameter Maximum Average Frequency Type 

c. - .  

-Tu< Toxicity 10.0 5.0 x/month composite 

The permittee shall use the toxicity testing and data assessment procedures described in Part 3.8 of this 
permit. 

- 

Box 5-5. Exampie Language for Requiring Toxicity Reduction Evaluations 

The discharger shall demonstrate that effluent toxicity-based permit limits described in Part 1 .A. of the 
permit are being attained and maintained through the application of all reasonable treatment and/or 
source control measures. Upon identifying noncompliance with those limits the discharger shall initiate 
corrective actions according to the following schedule: 

' 

T& Deadline 

1. 

2. 

Take all reasonable measures necessary to 
reduce toxicity immediately. 

Submit a plan and schedule to attain continued 
compliance with the effluent toxicity-based permit 
limits in Part I.A.,where source of toxicity is known, 
if immediate compliance IS not attained. 

Submit a TRE study plan detailing the toxicity 
eduction procedures to be employed where source is 
unknown and toxicity cannot be immediately controlled 
through operational changes. EPA's Toxicity Reduction 
Procedures, Phases 1, 2, and 3 (EPA-60013-881034, 035, 
and 036) and TRE protocol for POWs (EPA-600/2-88/062) 
shall be the basis for this plan and schedule. 

3. 

~ 

I 

i 

Within 24 hours 

Within 30 days 

Within 45 days - 
P 
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4.. 

5.  

6. 

7. 

8. 

Box 5-5. Example Language for Requiring Toxicity Reduction 
Evaluations (continued) 

Initiate TRE plan. 

Comply with approved TRE schedule. 

Submit results of the TRE, including summary of 
findings, corrective actions required, and data generated. 

Implement TRE controls as described in the final report. 

Within 45 days 

Immediately upon approval 

Per approved schedule 

On due date of final report 
per approved schedule 

Complete TRE implementation to meet permit limits 
and conditions. 

Per approved schedule, but 
in no case later than XX 
months from initial noncom- 
pliance. 

.L 
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6.1 INTRODUCTION 

Once a water quality-based permit containing limitations and 
conditions to control effluent quality is issued, the permittee is 
responsible for attaining, monitoring, and maintaining compli- 
ance with the requirements of that National Pollutant Dikharge 
Elimination System (NPDES) permit. Failure to comply with any 
requirements stated in the permit is a violation of the Clean Water 
Act (CWA). 

The Environmental Protection Agency (EPA) and authorized State 
agencies are responsible for tracking compliance with and enforc- 
ing NPDES permit requirements in the enforcement of the CWA. 
Section 308 of the CWA and equivalent State statutes enable the 
regulatory agency to venfy compliance with permit conditions 
(including water quality-based toxics limitations and compliance 
schedules) byeauthorizing the agency to impose on permittees 
requirements for sampling and analysis, record-keeping, and re- 
porting. Section 308 also authorizes access by EPA or State 
agencies to facilities and -records for verifying compliance with 
permit conditions. Ail records associated with monitoring must 
be maintained by the facility and available for a 3-year inspection 
period in conformance with 40 CFR Part 122.41. 

The CWA establishes the authority to enforce water qwlity-based 
permit conditions. fiii ability to enforce water quality-based 
permit conditions, howerTreiies on well-written, clearly stated 
permits. The enforcement official must be familiar with the 
process by which permit requirements were derived, including 
the procedures used to determine the wasteload allocation based 
on applicable water quality standards and the procedures used to 
derive limitations from the wasteload allocation. 

6.2 PERMIT REQUIREMENTS 

The conditions that are to be included in NPDES permits are 
described in 40 CFR Part 122 Subpart C. In general, permits 
include effluent limitations, schedules of compliance, and accom- 
panying reporting requirements. Permits should prescribe the 
self-monitoring procedures, frequency of analysis, sampling loca- 
tion and procedures, acceptable or required analytical techniques, 
and frequency of reporting. Permits often require that analytical 
methods referenced in 40 CFR 136 be used for analysis, but may 
specify methodology not included in Part 136 for pollutants with 
no approved methods or where the approved method is inappro- 
priate for a particular permit limitation. Permits should define any 
effluent limitations and explain specific procedures for calculating 
averages of data if different from arithmetic averaging. Permits 
should i denq  what information must be retained by the permit- 
tee, and what data must be submitted to EPA or the State. Results 
from self-monitoring required by the permit are reported on 

discharge monitoring reports (DMRs) that generally are submit- 
ted monthly. Sampling and analysis that is done more frequently 
than required by the permit must be included in the DMR. 

6.3 COMWANCE MONITORING 

Since most of the routine information gathered in compliance 
monitoring results from permittee self-monitoring, quality assur- 
ance (QA) is as important as compliance with limits. It is essential 
that permittees develop and adhere to a QA plan consistent with 
the required monitoring and analyses. The permittee is responsible 
for maintaining data to demonstrate compliance with QA proce- 
dures established in the test methodology or as specified in the 
permit. 

The regulatory agency generally has three ways of determining 
compliance with an NPDES permit and assuring adequate QA: 
self-monitoring reports, DMWQA results, and inspections. Each 
of these methods is discussed below. 

6.3.1 Selt-nmdtwfng RGpwis 
Self-monitoring reports provide much of the compliance data 
used by the regulatory authority in the review of permittee com- 
pliance. These reports include DMfb and reports of progress on 
compliance schedules. DMfb contain information on the sam- 
pling method, frequency and location, and analytical results of 
permittee self-monitoring. These data and data from progress 
reports on major schedule milestones must be entered into the 
Permit Compliance System (PCS), a computerized data base, by 
the State or EPA [l]. When the required data are entered into the 
system, PCS will automatically "flag" violations of permit limitations, 
compliance schedules, and reporting requirements. 

In order to detect any problems with the quality of the sample 
analysis, it is often desirable to obtain QA information with the 
self-monitoring data. For this reason, several States and Regiorrs 
have developed additional QA forms to accompany permittee 
self-monitoring reports. This additional information may be re- 
quired through the permit or through a Section 308 order. The 
QA data are compared to a reference QA data sheet that can be 
completed by the regulatory authority to indicate acceptable 
ranges of values for the required protocol. Appendix 6-5 provides 
an example of a reference QA data sheet for a whole effluent 
toxicity test. Once completed, this QA data sheet can be included 
in the compliance file for quick reference by compliance personnel. 

It is important to note that poor QA is a violation if the permit 
explicitly specifies adequate QA or references an acceptable pro- 
tocol with corresponding QA procedures. It also is important 6 
note that the signatory's certification of effluent data certifies 
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compliance with the speufied proto$yls. Any problems with QA 
should be reported at the time of Dwubmission and the testing 
repeated. 

6.3.2 Discharge Monitoring Report/l?uality Assurance 
( . M M )  

The DMR/QA program evaluates a permittee's ability to anaiyze 
and report accurate data. This program is intended to improve 
overall laboratory anaiytical performance for self-monitoring data. 
Authority for requiring participation is granted in CWA Section 
308. In the DMWQA program, permittees are required to ma&e 
"blind" samples with constituents and concentrations that can be 
found in their industrial or municipal wastewaters. The permit- 
tees' results are compared to the known content of the sample, 
and an evaluation of the reported data is sent to the permittees. 
Permittees are expected to use the same personnel and methods 
employed for reporting NPDES data to analyze the samples. 
Permittees are required to follow the instructions for reporting 
results and indude a signed certification statement in accordance 
with 40 CFR 122.22. 

Regulatory agencies conduct followup investigations to address 
poor or incomplete DMWQA results, failure to participate, or late 
submittal of DMWQA results. DMWQA peffomance results are 
compiled annually. 

In the past, only chemicakspecific analyses were tested in the 
DMR/QA program. The Environmental Monitoring and Support 
Laboratory (EMSL) in Cincinnati has developed a reference toxicant 
DMR/QA sample for permittees with whole effluent toxicity 
monitoring requirements. National implementation is occurring 
in 1991. 

-i - 
6.3.3 lmpwiiaas 
Inspections are conducted by the regulator) authority or its con- 
tractors to address spedic violations or problems and to verify 
permittee compliance with permit conditions and QA procedures. 
Inspections may include reviewing records, inspecting treatment 
facilities, assessing progress with compliance schedules, evaluating 
laboratory facilities and performance, and collecting samples for 
analysis or "splitting" samples taken by the permittee for concur- 
rent analyses. EPA has defined several types of inspections based 
on the tasks that are included in the NPDES Compliance /nspeaiOn 
Manua/[t). Because regulatory authorities are expected to inspect 
all major permittees annually regardless of compliance status, 
nonsampling inspections (which are generally less resource-in- 
tensive) are encouraged for routine evaluation of permittee per- 
formance. However, sampling inspections are sti l l  encouraged to 
address permitting and enforcement priorities. For that reason, 
the regulatory agency must have the full capability to assess 
effluent compliance through inhouse r e ~ o y r t e ~  or contract support. 

Inspections that focus on toxics control can provide useful infor- 
mation' for water quality assessment and permit reissuance in 
addition to compliance data. Procedures for inspecting facilities 
with toxicity testing requirements and measuring effluent toxicity 
are detailed in the NPDES Compliance Inspection Manual, Chapter 
7 PI. 

6.4 VlOlAllONRMEW 

Review of permittee self-monitoring data to determine appropri- 
ate enforcement response generally involves a two-tiered review. 
The first tier is a preliminary review for timely, complete data that 
indicates compliance with permit requirements. Minor violations 
of requirements are often handled through informal phone calls 
or waming letters that do not require extensive review or over- 
sight. As violations increase in magnitude, duration, or frequency, 
they generally are assigned to personnel who are responsible for 
the second-tier review (determining what enforcement action, if 
any, is appropriate). The guidelines for this process are presented 
in the Enforcement Management System (EMS) [3], but the basic 
concepts of responsible compliance tracking of water quality- 
based requirements are discussed below. Section 6.5 discusses 

I 

the enforcement decision process. .E 
When the initial review of effluent monitoring data indicates that 
unacceptable analytical methods were used by a permittee or its 
contract laboratory, the results should be assigned for review by 
personnel qualified to determine the significance of the results. If 
the monitoring is insufficient to determine compliance with efflu- 
ent limitations, a warning letter or Section 308 letter requiring 
that the tests be repeated using acceptable procedures would be 
an appropriate response. 

Tracking a permit or Section 308 letter that contains "monitor 
only" requirements requires both a compliance review (e.g., to 
determine if resulu of acceptable quality were submitted on 
time), and an action review (e.g., to determine if the permit 
should be modified or re-issued to include a limitation). This 
second review should be assigned to personnel who are qualified 
to make this regulatory decision. 

r 

In addition to the guidelines for reviewing monitorina data in the - 
absence of a specific effluent limitation, EPA also has recommended .L 
a criterion for determining which effluent violations must be as- 
signed for review by a professional who will determine if a formal 
enforcement action is needed, or if a phone call, warning letter, or 
Section 308 letter is more appropriate. These critena are known 
as the Violation Review Action Criteria and are listed in the EMS. 

In the case of a whole effluent toxicity limitation, any violation 
must be reviewed by a qualified professional responsible for the 
enforcement decision. EPA makes this recommendation to ensure 
that adequate attention is given to QA and to ensure that additional 
testing is required if permitted testing frequency is less than once 
per month. 

-7. 

In the case of a violation of a chemical-specific permit limitation 
EPA recommends that monthly average limitation violations De 
reviewed by a professional for potential enforcement response 
whenever two or more violations occur in a 6-month period. 
Sevenday average and daily maximum violations should likewise 
be reviewed if a minimum of two or four, respectively, occur 
during the course of 1 month. Although there is no delineation 
between technology-based versus water quality-based limitaoons 
in these Violation Review Action Criteria, Regions and States'may 
wish to adopt a criteria of "any violation" for all water quality- 

.- 
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based, chemical-specific limitations as these criteria are solely to 
determine the level of review and do not prescribe enforcement 
action. 

Effective enforcement of toxic controls depends upon dearly 
expressed requirements in NPDES permits. These controls are 
generally in the form of numeric limits on speofic toxic chemicals 
or whole effiuent toxicity and schedules to initiate construction or 
other complance measures. 

Exceeding a permit limitation is a violation subm to enforce- 
ment Some members of the regulated community have expressed 
concerns that single violations of stringent water quality-based 
limitations will result in unreasonable enforcement actions. EPA's 
guidance outlines a systematic review of all violations to determine 
the appropriate level of response. This guidance generally suggests 
an informal response for minor or infrequent violations, escalating 
to formal enforcement and perhaps penalties for more frequent 
and environmentally harmful violations. 

In evaluating*appropriate response to violations, EPA's "Enforce- 
ment Response Guide" of the EMS should be used for guidelines 
on the minimum acceptable response [3]. 

Further guidance on addressing violations of whole effluent toxicity 
limitations in particular is presented in the Compliance Monitoring 
and Enforcement Strategy for Toxics Control [4] (see Appendix 6- 
4). This strategy expects that all available avenues to compliance 
will be explored by$be.permittee, that the treatment facility is 
designed, constructd, maintained, and operated to achieve all 
water quality-based, chemical-specific or best available technology/ 
secondary treatment limitations, that chemical or process substi- 
tutions have been attempted and pretreatment explored, and 
that, in the case of publicly owned treatment works (POlWs), 
pretreatment program requirements and local limits have been 
established and enforced. The strategy further expeas that the 
permittee will pursue a Toxicity Reduction Evaluation WE) as 
discussed in Chapter 5 in compliance with enforcement require- 
ments or under its own initiative. If all of these expectations have 
been met and the facility is unsuccessful in identlfylng the cause, 
source, or treatability of toxicity despite making good-faith efforts 
to do so, the strategy allows for relief from civil penalties. The 
underlying responsibility to achieve compliance with the permit 
limitation remains in effect. 

. . c. 

Some members of the regulated community have requested EPA 
and several State agencies to define more clearly enforcement 
discretion with respect to violations of whole effluent toxicity 
limitations. To define enforcement discretion would in effect 
make it no longer discretionary. Furthermore, the purpose of 
such guidance would be questionable as individual enforcement 
responses by EPA and the States are open to review by the public 
and the courts. In lieu of such additional guidance on enforce- 
ment discretion, it is recommended that Regions and States 
adhere to the principles presented in the EMS, the strategy, and in 
this document 

EPA also has developed a policy [5 ]  on the assessment of appro- 
priate civil penalties in both administrative and civil judicial ac- 
tions in response to any CWA violation. Th is  policy bases the 
penalty amount on the seriousness of the violation, the economic 
benefit enjoyed as a result of delayed compliance, any history of 
such violations, any good-faith efforts to comply, and the violator's 
ability to pay. In no instance can this calculated penalty exceed 
the statutory maximum penalties defined in CWA Section 309. 

If any violation occurs, the permittee has the responsibility of 
informing the regulatory agency. If the violation potentially 
endangers health or the environment, the violation must be 
verbally reported to the regulated agency within 24 hours and the 
permittee must submit a noncompliance report within 5 days of 
violation detection. If there is no danger to health or the envi- 
ronment, the written report must be submitted at  the time 
monitoring reports are submitted. These reports must include a 
description of the violation, its cause, the period of noncompliance, 
and if the noncompliance has not been corrected, the anticipated 
time when compliance will be achieved. 

As'with other NPOES permit limitation violations, violation of a 
water quality-based toxics limit should prompt immediate action 
on the part of the permittee. Permittee response should include 
evaluation of the cause of the violation, correction of operational 
deficiencies or improvement of treatment efficiency, and any 
other initial steps necessary to resolve the violation and mitigate 
the environmental effects. These immediate investigatory and 
corrective steps also should provide information that may be used 
in developing a compliance schedule if the violation is not resolved 
quickly. 

When a water quality-based toxicity limit is violated, the regulatory 
agency may require additional monitoring to determine the fre- 
quency and duration of the violation. If the permit limit is not met 
quickly through improved housekeeping, operation, or raw waste 
control (e.g., POW enforcement of pretreatment requirements, 
or chemical substitution by industries), requiring a TRE as discussed 
in Chapter 5 may be appropriate. Where toxicity-based limitations 
are in effect, the enforcement response must require expeditious 
compliance with the limit. 

Available enforcement mechanisms include Section 308 orders, 
Section 309 Administrative Orders, Aaministrative Penalty Orders 
with Administrative Orders, or judicial action. Enforcement action 
must be tailored to the specific violation and type of remedial 
action required. Enforcement actions must be worded carefully 
so that they clearly are understood, easily tracked, and expeditiously 
enforced. 

Violating limitations of pollutants at concentrations that pose a 
threat to human health should receive immediate enforcement 
attention to prompt rapid resolution of the noncompliance, The 
regulatory agency should consider the pollutant concentration, 
exposure route, and whether or not the pollutant exhibits a 
threshold response in determining if a schedule may be allowed. 
Immediate injunctive relief (such as a temporary restraining order 
or preliminary injunction) should be sought when necessary to 
protect public water supplies and fish and shellfish areas frolp 
imminent or substantial impairment. 



6.6 REPORTING-OF VlOlATlONS 
- .  . 

The regulatory authority is responsible for reporting to the public 
on permittees in violation. Reporting requirements for the Quar- 
terly Noncompliance Report (QNCR) of major permittees in vio- 
lation of their NPDES permits are established in 40 CFR 123.45. 
Reporting of violations of water quality-based monitoring, limita- 
tions, schedules, and reporting requirements by major facilities 
must be consistent with 40 CFR.123.45. Violations of permit or 
enforcement order conditions by major permittees must be re- 
ported as follows [6]: 

Effluent violations (chemical-specific and whole effluent tox- 
icity) must be reported on the QNCR if the violation has the 
potential to have caused a water quality problem (40 CFR 
123.45(a)(Z)(iii)(A)( 1 )). 

e 

Chemical-specific toxic permit limit violations must be re- 
ported on the QNCR if two or more monthly average 
measurements in a 6-month period exceed the limit by a 

e 

factor Wi.2 for a Group I parameter or 1.4 for a Group I I  
parameter as defined in the Regulation, or if four or more 
monthly average measurements in a 6-month period ex- 
ceed the limit by any amount (40 CfR 123.4S(a)(Z)(ii)(C)). 
Any violation during the quarter of an interim monthly 
average chemical-specific toxic limit established in an ad- 
ministrative order or court orderkonsent decree must be' 
reported on the QNCR (40 CFR 123.45(a)(t)(ii)(A)). (Note: 
Whole effluent toxicity is not characterized as a Group I or 
Group II parameter, and as such, u t  be evaluated on a 
professional judgement basis under 40 CFR 
1 23.45(a)(2)(iii)(A)(l).) 

Compliance schedule milestones that are not met within 90 
days of the scheduled date must be reported on the QNCR 
(40 CFR 123.45(a)(Z)(ii)(B)). . L 
Failure to submit a report within 30 days of the due date 
must be reported on the QNCR (40 CFR 123.4S(a)(Z)(ii)(D)). 
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'7. CASE EXAMPLES 

7.1 INTROOUCnON 

This chapter presents examples of the development of water 
quality-based discharge limits to illustrate the integration of the 
guidance of the previous chapters. There are three examples: an 
industrial discharge with ample dilution, a publicly owned treat- 
ment works (POW with moderate dilution, and the combina- 
tion of an industrial facility and a POW discharge to the same 
reach. 

7.2 CASE1: INDUSTRW DISC)(ARGE 

The first example is the Jaybird Corporation, a metal finishing 
firm. The NPDES permit for the facility is about tdexpire, and the 
corporation has submitted an application for a new permit The 
example shows the steps that a permitting authority would take 
to determine if a. water quality-based effluent limit is necessary 
and then to establish such a limit. The example also illustrates 
when best availabie technology (BAT) limits are applied instead of 
water quality-based limits, the use of human health criteria, and 
the variations in the limits 'derived by different wasteload alloca- 
tion methods. 

72.1 G s r m s r a l s I d s ~ a a d I n t b n W h n  
The jaybird Corpodori Yacjlity discharges into the Locapunct 
River. The river is approximately 60 miles long and its banks are 
occupied by small towns separated by woodland and farmland. 
The river is classified by the State in the water quality stardards as 
having designated uses of a fish habitat, primary contact recre- 
ation, and a drinking water supply. For these uses, the State has 
adopted the federal water quality criteria into the water quality 
standards to protect aquatic life and human health. The State 
standards also includes a narrative criterion of "no toxics in toxic 
amounts" for other toxic materials. 

---- - 

Water quality monitoring indicates some infrequent excursions 
above water quality criterion for cop+ and nickel. These pollut- 
ants have been found in measurable quantities in the effluents of 
several facilities. 

The Jaybird Corporation is a metal finishing facility that spectakes 
in copper plating of lead shells for a nearby military installation. 
As a metal finisher, the Jaybird Corporation is relatively small with 
a discharge of 0.034 cfs (0.022 mgd). The effluent at the laybird 
Corporation is treated by precipitation and settles before dis- 
charge through a multiport diffuser. The corporation is subject to 
BAT and best practicable technology (Bm) effluent limits for the 
metal finishing industry. 

7.2.2 
The permitting authority has adopted a procedure in which pol- 
lutants concentrations in each facility are evaluated for the poten- 
tial to cause, have the reasonable potential to cause, or contribute 

to an excursion of the water quality standards. The authority used 
the effiuent characterization process for specific chemicals de- 
scribed in Chapter 3 in this evaluation. In general, the procedures 
are designed to determine which pollutants are of concem and 
which require effluent limits. 

Step 1: Identify Pollutants of Concern 

Data were obtained from a number of sources to identify and 
quantify the pollutants of concem in the Jaybird Corporation 
effluent: 

Effluent chemical concentrations were taken from the Per- 
mit Application Form 2C, Discharge Monitoring Reports 
(OMRs), EPA's Permit Compliance System (PCS), and per- 
mit files. 

EPA's STORFr data base was used to obtain U.S. Geological 
Survey flow data and ambient monitoring data for the river. 

BAT limits for the metal finishing industry were obtained 
from 40 CFR 433 Subpart A. 

The permitting authority noticed in review of these data that the 
information in Form 2C replicated the information in the DMRs, 
and therefore decided to use the DMR data as the primary basis 
for characterizing the effluent These data for toxicants OMRs are 
shown in Table 7-1. For those parameters currently not covered 
by the pennit, Form 2C data indicated that pollutant concentra- 
tions were below detection limits. The permitting authority re- 
quested information f" the facility showing the detection levels 
used; these levels were consistent with the detection levels listed 
in the National Pollutant Discharge Elimination System (NPDES) 
regulations at 40 CFR 136. 

The effluent from the Jaybird Corporation is regulated by the 
Metal Finishing Point Source Category effluent guidelines at  40 
CFR 433 Subpart k These guidelines regulate the following toxlc 
pollutants: cadmium, chromium, copper, cyanide, lead, nickei, 
silver, zinc, and total toxic organics. 

Although these parameters were regulated at the Jaybird Corpo- 
ration, the only toxic pollutants evident in the discharge were 
lead, copper, and nickel. The facility's treatment system reduced 
concentrations of other pollutants to below detection. 

Step 2 Determine the RAC, CMC, and CCC for Pollutants of 
Concern 

The State has adopted numeric water quality criteria for acute 
toxicity (criterion maximum concentration [CMC]), chronic toxic- 
ity (criterion continuous concentration [CCC]), and protection of 
human health (reference iynbient concentration [RAC)). The 
water quality standards present the CMC and CCC criteria as 
equations based on ambient hardness concentrations. The stan- 
dards require that the 85th percentile lowest hardness be used. 
This value is 100 ma/l as CaC03 for the Locapund River. 
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Table 7-1. Effluent Data for the jaybird Corporation 

n 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 

Mean 
SO 
cv 
Max 
Min 
N 

1,317 
1,092 
1,073 
1,059 
1,072 
1,677 
2,664 
1,058 
3,439 
6,596 
1.21 1 
1,082 

1,945 
1,650 

6,596 
1,058 

12 

0.8 

Lead 
Pgll 

187 
230 
258 
423 
227 
275 
364 
1 70 
259 
264 
267 
175 

258 , 

74 
0.3 

423 
170 
12 

Nickel 
PgIl 

223 
261 
464 
341 
369 

1,058 
1 99 
259 
437 
773 
300 
‘356 

420 
252 

1,058 
199 
12 

0.6 

Toxicity 
N C  

5 
10 
5 

20 

10 
7.1 
0.7 

20 
5 
4 

Source DMR data for chemiulr; 308 request for whok effluent touoty. 
Notes 

Metals reported as toul i c c h b k  metab; toxmty ”j in c h m c  toxc 
units (1 WlNOEO 

mulu uc Ihe highest touc uyts for any d thc test orgvlanu d. 
t The permittee dld not w a geomcv~ dilum sems for thc toxmty tests. The 

The aquatic toxicity cdteria.for metals in the standards are ex- 
pressed as the acid solublefbrm of the metal. The State has 
adopted a ratio to express the acid soluble form of metals as the 
total recoverable form for the purposes of developing NPDES 
permit limits. This ratio is based on historical data that the State 
has collected for  rive^ in the basin where the Locapunct lies. The 
values of the ratio are 0.35 for lead, 0.70 for copper, and 0.85 for 
nickel. The standards consider the uiteria for human health 
protection to be in the total recoverable form of the metal. 

Based on the hardness and acid soluble-to-total recoverable ra- 
tios, the applicable state water quality criteria are the following: 

ccc CMC RAC 
Pollutant 01911) 01911) 01m 
Lead 9.1 235 50 
Copper 17.1 25.7 NA 

Nickel 188 1,647 13.4 

Step 3: Detennim Dilution for Aquatic Life and Human Health 
. Impacts 

The State water quality standards require that compliance with 
water quality criteria be achieved at the edge of the mixing zone!. 
The standards spec@ the minimum dilution at which the uiteria 
apply. These are the 741 0 ffow for the CCC, the 1 410 flow for 
the CMC, and the harmonic mean flow for human health criteria 
(RAC). The US. Geological Surwy operates a gaging station on 

the river; the flow statistics were calculated using the data f” 
this station: 

Harmonic mean flow = 38.0 cfs 

7410 flow = 13.0 ds 

l Q l O f l ~ =  10.1 ds. 

The facility provided a study of the outfall that showed that the 
multiport diffuser quickly achieved complete mixing across the 
width of the river. Dilution at the edge of the mixing zone could 
therefore be characterized by the complete mixing equation: 

where 
C = the receiving water concentration 

C,= the maximum effluent concentration 

Q = theeffluent flow 

C, = the receiving water background concentration 

Q, = the appropriate receiving water flow. 

Step 4 Determine Reasonable Potential for Excursions 

To determine if the facility d h r g e  was expected to cause or 
have the reasonabie potential to cause the CMC, CCC, or RAC to 
be exceeded in the receiving water, the maximum receiving 
water concentration of each pollutant was first compared to the 
appropriate receiving water criterion. If the criteria were ex- 
ceeded, then this was considered evidence that a water quality- 
based limitation must be developed. 

Maximum expected concentrations were calculated using the 
average effluent flow, maximum effluent concentrations, back- 
ground receiving water concentrations, and the relevant receiv- 
ing water flow: the 1 Q10 for the CMC, the 741 0 for the CCC, or 
the hannocic mean for the RAC. The background receiving water 
concentrations for total recoverable metals were obtained from 
STORET data: 

Lead 1.6 pg/I 

Copper 4.8 pgll 
Nickel 13.2 pgll 

The maximum effluent concentration was estimated using the 
statistical approach in Chapter 3. There were 12 concentrations of 
each metal reported in the DMRs. For lead, these concentrations 
had a maximum value of 423 w/I, an arithmetic mean of 258 pgl 
I, an arithmetic standard deviation of 74, and an arithmetic 
coefficient of variation of 741258, or 0.3. This coefficient of 
variation and the number of observations determined which mul- 
tiplier was dected from Table 3-1. In this case, the multiplier 
value for 12 Obsecvaths and a CV of 0.3 was interpdated from 
the values for 12 observations and CVs of 0.2 and 0.4. The 99th 
percentile multiplier was estimated to be 1.7. Similar calculations 
were conducted for copper (multiplier of 2.8) and nickel (multi- 
plier of 3.7). 
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The receiving water concentration for lead for comparison with 
the-CCC was calculated using data from Table 7-1 : 

C = u1.7  x 423 u d l  x 0.034 ds) + (1.6 ua/l x 1 3  dsU 
(0.034 cfs + 1 3  ds) 

= 3.5 pg/l 
where 

1 3 cfs 
0.034 cfs = the mean effluent flow 
423 pg/1 = the maximum effluent concentration 
1.7 = the statistical effluent multiplier to estimate the 

99th percentile concentration 
1.6 pg/I = the background receiving water concentration. 

= the receiving water flow at 741 0 

The value of the calculated receiving water concentration, 
3.5 pg/l, was less than the chronic water quality standard of 9.1 
pg/l for lead, and therefore there is no reasonable potential for the 
CCC to be exceeded. 

Using the effluent data presented in Table 7-1, the receiving water 
concentration is compared to the CMC as: 

C = E1.7 x 423 ua/l x 0,034 cfs) + (1.6 ua/l x 10.1 dsll 
(0.034 cfs + 10.1 ds) . c .  

= 4.0 pg/l 

where 10.1 is the receiving water 1 Q10 flow and the other values 
are identical to those for the CCC comparison. The resulting 
concentration of 4.Qug/1 was less than the acute standard of 234 
pg/l for lead. The& no reasonable potential for the CMC to be 
exceeded. 

For human health criterion evaluation, the receiving water con- 
centration for compared to the RAC was calculated as: 

C = E1.7 x 423 ua/l x 0.034 ds) + (1.6 ua/l x 38 cfsu 
(0.034 cfs + 38 ds) 

= 2.2 pg/l 

where 38 cfs is the harmonic mean flow and other values are the 
same as above. This value was less than the human heath criteria 
value of 50 pg/l for lead, so there is no reasonable potential for the 
RAC to be exceeded. 

Similar calculations were done for copper and nickel: 

Criterion Receiving Water 
(Clg/l) Concentration (jtg/l) 

Copper 

ccc 17.1 22.0 
CMC 25.7 26.9 

Nickel 

ccc 188 15.9 
CMC 1,647 16.6 
RAC 13.4 14.1 

- 

The effluent characterization showed the reasonable potential for 
excursions above the CCC for copper and above the RAC for 
nickel. Therefore, permit limits are necessary for these two pollut- 
ants. 

7.2.3 EMuent Chamcteriwtion for Whole €ff/uent Toxicity 
Whole effluent toxicity also was evaluated since there was a 
potential for excursions above the narrative water quality criterion 
due to the combination of effluent toxicants with other toxicants 
in the receiving water and in the effluent but below the detection 
level. The procedures used below follow those presented sche- 
matically in Figure 3-2, Chapter 3. 

Step 1: Dilution Determination 

The initial dilution determination was used to establish the types 
of toxicity tests that are conducted to characterize the effluent. 
The dilution at  the low-flow characteristics for the facility is the 
following: 

At the 7 4 1  0, dilution = (0.034 ds + 1 3 ds)/0.034 ds 
= 383 

At the 141 0, dilution = (0.034 c fs  + 10.1 ds)/0.034 ds 
= 298. 

Step 2: Conduct Toxicity Testing 

EPA recommends that a discharger having a dilution between 
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 before the permit was due to expire, the 
permitting authority requested, under the authority of the Clean 
Water Act (CWA) Section 308, that the permittee test his effluent 
for toxicity to provide effluent information in order to write the 
next NPOES permit. In this case, the permitting authority speci- 
fied that the discharger submit quarterly chronic toxicity data for 
1 year using the EPA toxicity tests for Selenostrum, Ceriodophnio, 
and Pimephales. The permitting authority also specified that up- 
stream ambient water be used as the diluent in the tests so as to 
a!low the tests to measure additive effects from ambient ~ O X I C S  in 
response to the Section 308 request, the discharger ruomitted 
the whole effluent toxicity data shown in Table 7-1 

Step 3: Determine Reasonable Potential for Excursions 

The State interprets its narrative criteria for whole- effluent toxicity 
to require that the technical support document recommenda- 
tions of 0.3 TU, and 1 .O TU, be used as numeric values for acute 
and chronic toxicity, respectively. In accordance with the State 
standards, the CMC applies under the 1QlO flow and the CCC 
applies under the 741 0 flow. 

The determination of exceedance of the CMC or the CCC wa3 
simplified by the way in which the tests were conducted. Since 
the upstream ambient water was used as a diluent, the test results 

~~ 
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already include an assessment of contributions from background 
toxicity. Therefore, the upstream receiving water concentration 
was set to zero. 

The maximum effluent concentration was again estimated by 
using the statistical approach in Chapter 3. As shown in Table 7- 
1, there were four observations of whole effluent toxicity. 'ksed 
on the guidance of Box 34, these are insufficient to determine 
the CV accurately; therefore, the default CV of 0.6 was used. The 
effluent multiplier of 4.7 was obtained from Table 3-1 using the 
number of observations, the CV, and the 99-percent probability 
basis. 

The receiving water concentration for chronic toxicity for com- 
parison with the CCC was calculated using data from Table 7-1 : 

C = (4.7 x 20 TU, x 0.034 cfs )  + (0 TU, x 13 cfs)] 
(0.034 cfs + 13 ds) 

= 0.25 TU, 

where 
1 3 ds 
O.O34*cfs = the mean effluent flow 
4.7 = the statistical effluent multiplier 
20 TU, = the maximum effluent concentration. 

= the receiving water flow at 741 0 

* ' C  

The value of the caldated receiving water concentration, 0.25 
TU,, was less than the chronic water quality standard of 1 .O TU, 
and therefore there b no reasonable potential for the CCC to be 
exceeded. 

To calculate the receiving waTw concentration for acute toxicity, 
the permitting authority first converted the chronic toxicity data 
into equivalent acute toxicity units by applying the acute-to- 
chronic ratio (ACR) of 5 obtained from the monitoring data. The 
receiving water concentration for acute toxicity was then calcu- 
lated: 

--- : . 

C = [(4.7 x 20 TU, J 5 ACR x 0.034 ds) + (0 TU, x 10.1 ds)] 
(0.034 cfs + 10.1 cfs) 

= 0.06TUa 

where 1 0.1 cfs is the receiving water flow at 1 Q10, 5 is the acute 
to chronic ratio, and the other values are the same as above. The 
calculated value of 0.06 TUa is below the criterion of 0.3 TU$ 
therefore, there is no reasonable potential for the CMC to be 
exceeded. Since there was no reasonable potential for exceedances 
above either the acute or chronic criterion, permit limits were not 
developed for whole effluent toxicity. 

7.2.4 " i m ~ a d N l ~ m s  
The wasteload allocation (WIA) was used to determine the level 
of effluent concentration that would comply with water quality 
standards in the receiving waters. A WIA will only be determined 
for those parameters that have a reasonable potential to cause 
exceedances of water quality standards. Therefore, WLAS were 
determined for copper and nickel. Since there was no reasonable 

potential for excursions above the CMC or CCC for nickel, only 
the WLA for human health was calculated. 

To determine WLAS, the numeric criteria in the water quality 
standards and background concentrations were used to calcu- 
late effluent concentrations that would result in compliance 
with those standards. The calculation of WLAS used receiving - 
water flows that were appropriate to each standard: chronic 
WLAs were calculated using the 7410 flow, acute WLAS were 
calculated using the 1 Q10 flow, and human health WLAs were 
calculated using the harmonic mean flow. Since the effluent 
was mixed rapidly by the multiport diffuser, the complete mix 
equation was used: 

-r 

where 
CZ, = theeffiuentflow 
Q, = the receiving water flow 
C, = the background receiving water concentration 
WQC = the water quality criterion. 

.E 

The chronic and acute WLA for copper were calculated at the 
741 0 and 1 Q10 flows, respectively: .i 

WLA, = [17.1 PgJ1 x (0.034 cfs + 13 cfS) - 13 c f ~  x 
4.8 pgJI] J. 0.034 cfs 

= 4,720pgJl 

WIA, = [25.7 IgJl x (0.034 cfr + 10.1 cfs) - 10.1 cfs x 
4.8 pgJI] 10.034 cfs 

c = 6,234 pgJL 
.L 

The human health WIA for nickel was calculated at the harmonic 
mean flow: 

WQ, = [I 3.4 pgJl x (0.034 d~ + 38 c fs )  - 38 cfs X 

13.2 pgJllO.034 ds 
= 237pgJi. 

7.25 Dml4p Permit Limits 
Permit limits were developed using a steady-state, two-value WIA 
model as described in Box 5-2, Chapter 5. Values for constants 
were obtained from Table 5-2, Chapter 5. 

Step 1: Calculate LTA (note: this is Step 2 in Box 5-2) 

The chronic long-term average (LTA) for copper was calculated 
using the following formula: 

.- 
1L 

L T 4  = WIA x e ~ p  [0.5 (T ' - Z a] 
= 4,720 pg/I x 0.440 
= 2,077 &I 

I 

where values of exp 0.5 o2 - z 00 ] are preser .-d in Table 5-1 
(see Chapter 5). The CV of 0.8 was used, and following the 
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guidance of Section 5.5.4, the z value for the 99th occu&nce 
probability was used. 

The acute LTA for copper was calculated, again using the 99th 
percentile occurrence probability values from Table 5-1 as the 
multiplier: 

LTAa = 6,234 pg/I x 0.249 
= 1,552 &I. 

The LTA for nickel human health permitting is considered to be 
the same as the WLA because the 70-year averaging period is 
used for human health evaluations (see Section 5.4.4). The LTA is 
calculated as: 

Step 2 Determine the More Limiting LTA 

The limiting LTA for each pollutant was the minimum of the 
chronic, acute and human health LTA. The limiting LTA value was 
used in the next step to calculate maximum daily limits and 
average monthly limits. The limiting LTA for copper was found to 
be the acute LTA (1,552-jq/l) and the limiting LTA for nickel was 
found to be the human health LTA (237 pg/l). 

Step 3: Calculate Maximum Daily and Average Monthly Limits 

The maximum daily@t.JMDL) for copper was calculated using - -  the expression: - 
MDL = LTA x exp [Z (J - 0.5 d] 

= 1,552 pg/I x 4.01 
= 6,224 @I 

where the appropriate value for exp [ z (3 - 0.5 d] was taken from 
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 calculated using 
the expression: 

AML = LTA x exp [ z an - 0.5an2] 
= 1,552 @I x 1.75 
= 2.71 6 pg/I 

where the value for exp [ z a, - 0.5 an2] was taken from Table 5- 
2 and, for this case, the number of samples per month was four. 
Following the rpcommendations in Section 5.5.4, the t value for 
the 95th percentile probability basis was used. 

The effluent limits for nickel were determined by using the mom- 
mendations in Section 5.4.4, Chapter 5. The AML was considered 
to be identical to the WU+, whereas the MOL was calculated from 
the AML by using the appropriate multiplier factor in Table 5-3. 

With a CV of 0.6, four samples per month for sampling, and a 
99th percentile used for the MOL, the factor is 1.64: 

MOL = AMLx 1.64 
= 237 pgll x 1.64 
= 389pgIl. 

7.26 lktumhing and Expressing the Gantmiling Effiuent 
Um& 

The NPDES regulations require that effluent limits require treat- 
ment characteristic of the appropriate treatment technology and 
also achieve water quality standards. If water quality-based limn'' 
are more stringent than BAT limits, then the water quality-baser. 
limits become the basis for the effluent limits. Conversely, if the 
treatment technology (BAT) limits are more stnngent, then they 
become the basis of the limits. 

E 

The comparison between the water quality-based and technol- 
ogy-based effluent limits are shown below. The more stnngent 
limits are different for different pollutants: for nickel, water qual- 
ity-based limits are more stringent whereas for copper, the BAT 
limits are the more stringent. 

r 
i Copper Nickel 

Water quality MOL 6,224 389 
AML 2.71 6 237 

BAT MDL 3,380 3.980 
AML 2,070 2,380 

Limit to use MOL 3,380 389 
AML' 2,070 237 

In accordance with NPOES regulations, the effluent limits were 
expressed in the permit as mass (pounds per day) by multiplying 
the concentrations above by the effluent flow of 0.034 ds and the 
conversion factor of 5.394: 

Copper Nickel 
(Ib/d) (Ibid) 

MOL 0.62 0.071 
AML 0.38 0.043 

7 2 7  Cmpiwing Dlifcranl Limit ikvelapnmnt Methods 
Permit limits for copper also were-developed using a Monte Carlo 
simulation in order to compare the results to the permit limits 
derived from the two-value, steady-state model. A Monte Carlo 
simulation was used to generate receiving water concentrations 
to determine the effluent LTA for each of the pollutants such that 
the water criteria are achieved at the required frequency in the 
water quality standards. 

, 

-.- 
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Monte Carlo simulation used the same completely mixed dilution 
equation as was used for the steady state calculation: 

where C is the receiving water concenmtion (in kg/l); C, and C, 
are the effluent concentration and the background concentration 
of the receiving water, respectively (in pg/l); and Q and Qs and 
effluent and receiving water flows, respectiwly (in cfs). Effluent 
flows were held constant at the mean effluent flow, and river 
flows were read from a computer file containing 60 years of daily 
flow data provided by the US. Geological Survey. The effiuent 
concentrations were characterized by a iognonnally ddbuted 
random variate. The random variate had a coefficient of variation 
that matched the CV of the pollutant in the effluent 

The Monte Carlo simulation was run using 22,276 iterations. 
Once 22,276 receiving water concentrations had been calcu- 
lated, receiving water concentrations were sorted, highest first 
The 20th value (corresponding to the maximum concentration 
expected for 1 day in 3 years) was compa.red with the appropriate 
criterion. The l-day in 3-year retum frequenq is recommended 
by €PA for criteria (see Chapter 2). If this value was higher than 
the critefion, 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 conte6trMion generating these results was suffi- 
cient to achieve the water quality criterion; this LTA was then used 
in permit limit determinations. 

For chronic criteria, 4day average concentrations were gentrated 
by taking the 4-day wing.amage of modeled daily concentra- 
tions. The " e n c e  concentration was calculated in the same 
way as the l-day calculations described in the previous para- 
graph. Calculations were not made for the human health criterion. 

The permit limits were calculated according to the procedures 
given in Box 5-3. Each LTA was multiplied by the 99th percentile 
multiplier from Table 5-3 for the MDL and by the 95th percentile 
multiplier from Table 5-3 for the AML For the AMI., the same 
number of samples were used for the steady state and Monte 
Carlo permit limits (n4). Thus, the resulting permit limits are 
directly comparable. The results of the Monte Carlo simulation for 
copper compared to the steady state calculations in units of 
micrograms/liter are shown below 

Maximum Average 
Daily Monthly 

Monte Cad0 8,618 3,761 
Steady State 6,224 2,716 

7.3 CASE2 QOTWDISCHARGE 

The second example is of a fictitious POW that discharges to the 
same reach as the Jaybird CorporatioO. The NPDES permit for this 
facility a h  is up for reissuance. The example highlights the use of 
background receiving water concentrations, and demonstrates 

the differences between industrial and P O W  permit limits. In 
developing permit limits for the POW in this example, thc 
potential impacts from the Jaybird Corporation discharge were 
considered in the use of background receiving water concentra- 
tions. The interrelationships between the two facilities are dis- 
cussed explicitly in Section 7.4. 

7.3.1 " - & I .  
The Locapunct Riwr receives discharges from a POW serving the. 
city of Aubum, a small city of about 10,OOO people. The POW 
treats a mixture of hawhold and induhial waste with an acti- 
vated sludge process. The mean effluent fiow from the POW is 
1.23 cfs. The POW has no pretreatment program, but the 
municipality generally is aware of the small industries that are 
indirect dischargers because of research conducted by a local 
university. Generally, the plant is well operated. 

3 

7.3.2 E M u d  Cha&rkatlon rOr SpecMc clrsmcals 
The permitting authorivs approach for determining which pol- 
lutants cause, have the reasonable potential to cause, or contrib- 
ute to excurrions above water quality standards applies to POWs 
as well as industries. The authority used the procedures described 
for the jaybird Corporation in the evaluation of the Aubum POW. 

S t e p  1: identify Pollutants of Concem 

At the time of the last permit issuance, there was evidence of a 
number of toxic pollutants in the POWs effluent, including 
copper, chlorine, and ammonia. These! pollutants had monitor- 
ing r e q u i m t s  in the previous permit Because there were 
metals in the effluent and, due to the industries discharging into 
the POW sewer system, the permitting authority requested the 
POW to conduct a complete priority pollutant scan of the efflu- - 
ent The data received following the Section 308 letter request L 
indicated that the concentrations of all priority pollutants except 
copper were below detection limits. The POWs primary toxic 
pollutants of concern were copper, chlorine, and ammonia (see 
Table 7-2). 

Step 2 Determine RAC, CMC, or CCC for Pollutants of Con- 
cem 

-*- 

As described in the example of the industrial discharge, the water A. 
quality standards include numeric criteria for copper. The State 
also has adopted a numeric criterion for ammonia that is a 
function of the river 85th percentile pH and temperature; these 
values are 8.25.C and 25'C. respectively. Finally, the State inter- 
prets its narrative criterion of "no toxics in toxic amounts" to 
require use of the federal water quality criteria in the absence of a 
numeric state criterion. As a result, the permitting authority uses 
the federal criteria for chlorine. The applicable water quality 
criteria for the river are as follows: 

Ir 

ccc CMC 

25.7 
19 

copper 17.1 
chlorine 11 
Ammonia 540 4,000 

01!m 01g/1> 
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Table 7-2. Effluent Data for the A u t ”  POW 

n 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Mean 
SD 
cv 
Max 
Min 

Copper 
Pgll 

268 
115 
228 

59 
53 

21 3 
68 

200 
262 
51 9 

53 
474 
115 
259 
404 

57 
101 
187 
103 . 76 
198 
265 

60 
112 
185 
133 

0.7 
519 3 
52.6 

Chlorine 
Pgll 

185 
301 
88 1 
3 72 
245 
244 
123 
343 
153 
448 

1,022 
34 7 
130 
128 
271 
45 1 
701 
582 
178 
436 
347 
475 

‘153 
268 
366 
235 

1,022 
F2 3 

0.6 

Ammonia Toxicity 
Pg/l j Tu, 

11,009 
13,025 
12,201 
24,548 
9,700 

15,645 
21,358 

3,976 
22,307 

7,427 
1 1,834 
8,430 
4,382 
9,330 
6.1 37 
6,448 

37,772 
14,307 
16.848 
28,205 
12,119 
11,778 
3,109 
4,474 

13,182 
8,491 

37,772 
3,109 

0.6 

2 
1 
1 
2 

1.5 
0.6 
0.4 
2 
1 

Source: DMR data for chemicals; 308 request for whde effluent toxic.ty. 
Nota: 
Metals as total recoverable: toxicity in toxic unib (1001NOEC). 
The results are the highest toxic units for any of the test organisms used. 

Step 3: Determine Dilution for Aquatic Life and Human Health 
Impacts 

The State water quality standards requires that compliance with 
water quality criteria be achieved at the edge of the mixing zone. 
The standards specify the minimum dilution at which the criteria 
apply. These are the 741 0 flow for the CCC, the 1 Ql 0 flow for 
the CMC, and the harmonic mean flow for human health criteria 
(RAC). The US. Geological Survey operates a gaging station on 
the river. The flow statistics werecalculated using the data from’ 
this station: 

Harmonic mean flow = 38.0 ds 
7QlOflow=13.0cfs 
lQl0 flow = 10.1 c f ~ .  

The POW is located at a bend of the river where mixing is rapid. 
Therefore, the permitting authority used the complete mixing 

equation to calculate the receiving water concentrations. This is 
the same equation used for the industrial example. 

Step 4 Determine Reasonable Potential for Excursions 

The determination of possible exceedances in the CMC or CCC 
was based on a calculation of the maximum receiving water con- 
centration of each pollutant, followed by a comparison to the 
appropriate receiving water criterion. The calculation of the maxi- 
mum receiving water concentrations were made using the statisti- 
cal estimate of the 99th percentile concentration of each pollutant 
in the effluent, the same flow used in the industrial example, and 
considered background receiving water concentrations of: 

Copper 4.8 pg/l 
Chlorine 0 Pgll 
Ammonia 120 pgll. 

The maximum effluent concentration was estimated using the 
statistical approach in Chapter 3. There were 24 concentrations 
of each chemical reported in the DMRs. For copper, these 
concentrations had a maximum value of 51 9 pg/l, an arithmetic 
mean of 185 pg/I, an arithmetic standard deviation of 133, and 
an arithmetic coefficient of variation of 133/185, or 0.7. The 
multiplier was calculated to be 2.4 based on the CV of 0.7, 24 
observations, and a 99-percent confidence level (see Section 3.3.2). 
Similar calculations were conducted for chlorine (multiplier of 
2.2) and ammonia (multiplier of 2.2). 

The receiving water concentrations for each pollutant were calcu- 
lated. An example calculation for the comparison of copper to 
the CCC is shown below: 

C = u . 4  x 51 9 ua/l x 1.23 cfs) + (4.8 ua/l x 1 3 cfsll 
(1.23 cfs + 13 ds) 

= 112 pg/1 
where 

51 9 pg/l = the maximum measured effluent concentration 
2.4 = the statistical multiplier 
1.23 cfs = the average effluent flow 
4.8 pg/l = the upstream receiving water concentration 
13 cis = the 7410 flow. 

The maximum receiving water concentrations for comparison to 
applicable standards for all pollutants were calculated to be: 

Receiving Water 
Criterion Concentration 

(P911) (W) 
Coowr 
ccc 17.1 112 
CMC 25.7 140 

Chlorine 
ccc 11 194 
CMC 19 244 

Ammonia 
ccc 540 7,292 
CMC 4,000 9,128 
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The effluent characterization showed the reasonable potential for 
excursions above the CCC and CMC for copper, chlorine, and 
ammonia. Therefore, permit limits were developed for these 
pollutants. 

7.3.3 Effluent C I " W t i 0 n  f# Wnole Effluent Toxicity 

Step 1: Dilution Determination 

The initial dilution determination was used to establish the types 
of toxicity tests that must be conducted to characterize the efflu- 
ent. The dilution at the low flow characteristics for the facility is 
the following: 

At the 7 4 1  0, dilution = (1.23 cfs + 1 3 cfs)/l.23 cfs 
= 11.6 

At the 1 Q10, dilution = (1.23 cfs + 10.1 cfs)/l.23 cfs 
= 9.2. 

Step 2 Conduct Toxicity Testing 

€PA recommends that a dxharger having a dilution less than 1 0 0  
be required to conduct chronic testing. The permitting authority 
requested through a.S-n 308 letter that the POW provide 
quarterly chronic toxicity data for the year prior to permit 
reissuance. Tests using Selenastmm, Cm'odaphnia, and Pimephaks 
were required. The permitting authority also required the permit- 
tee to report the test results at the 48-hour endpoint so that acute 
toxicity also could b e p r e d .  Table 7-2 summarizes the results 
of the whole effluenttbxidtytesting. 

Step 3: Determine Reasonable Potential for Excursions 

As explained in the industrial example, the State interprets its 
narrative criteria for whole effluent toxicity to require that the 
technical support document recommendations of 0.3 TU, and 1 .O 
TU, be used as numeric values for acute and chronic toxicity, 
respectively. In accordance with the State standards, the CMC 
applies under the 1410 flow and the CCC applies under the 
741 0 flow. 

The reasonable potential determination of exceedance of the 
CMC or the CCC was conducted in the same way as described in 
the industrial example. Upstream ambient water was used as a 
diluent to assess contributions directly from background toxicity; 
therefore, the upstream receiving water concentration was set to 
zero. The maximum effluent concentration was again estimated 
by using the statistical approach in Chapter 3. For the same 
reasons as were expressed in the industrial example, a multiplier 
of 4.7 was used. 

The receiving water concentration for chronic toxicity for com- 
parison with the CCC was calculated using data from Table 7-2 

c = (4.7 x 2TUc x 1.23 ds) + (0 Tu, x 13 ds) 
(1.23 ds + 1 3 ds) 

= 0.8TUc 

where 
1 3 cfs = the receiving water flow at 741 0 
1.23 cfs = the mean effluent flow 
4.7 = the statistical effluent multiplier 
4 TU, = the maximum effluent concentration. 

The value of the calculated receiving water concentration, 0.; 
TU, is less than the chronic water quality standard of 1 .O TU, ant 
therefore there is no reasonable potential for the CCC to b 
exceeded. 

To calculate the receiving water concentration for acute toxicity 
the permitting authority first converted the chronic toxicity dat 
into equivalent acute toxicity units by applying the ACR of . 
obtained from the monitoring data. The receiving water concen 
tration for acute toxicity was then calculated: 

h 

C = [(4.7 x 2 TU, / 2 ACR x 1.23 cfs) + (0 TU, x 10.1 ds)] 
(1.23 cfs + 10.1 cfs) 

= 0.5 TU, 

where 10.1 ds is the receiving water flow at 1 Q10, 2 is the acutc 
to chronic ratio, and the other values are the same as above. Thc F 
calculated value of 0.5 TU, is greater than the criterion of 0.3 TU, t 
Therefore, there is reasonable potential for the CMC to be ex 
ceeded and permit limits were developed for whole effluen 
toxicity. 

73.4 ~ k m l v k t 8 l a a d A l l o c ; r d l a n s  

WLAS for chemicals and whole effluent toxicity were determinec 
using information on the available dilution at the edge of tht  
.mixing zone. The calculation of WIA using the steady-state mode - 
was described in Section 7.2.4. The WLAS for the POW using thr 
equation discussed in Section 7.2.4 are: 

Toxicity Copper Chlorine Ammonia 

2.8 197 175 35,860 
11.6 147 127 4,979 

cnr) ols/l) 019/1) 01g/1) 

m a  
WLA, 

-7 - 

-k 
7.3.5 OsreloppennnLinriLr 
The permit limit development process described in Box 5-2 
Chapter 5 was applied to all pollutants. This process is identical t c  
that explained in Section 7.2.5 except that (1) the W U  for aculi 
toxicity needs to be expressed in equivalent chronic toxic units b\ 
multiplying by the ACR of 2, and (2) daily sampling of chlonne I: 
required in the permit. The calculated LTA and permit limits are. 

Toxicity Copper Chlorine Ammonia 1L 

TU, (pg/l) 01q/1) 019/1) 

55.4 56.2 11,511 
66.9 2,625 
175 8,162 

4,067 

LTAa 1.8 
LT4 6.1 70.7 

5.6 197 MDL 
AML 2.8 91 87 

~ ~~ 
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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 
toxics for POlWs, so there was no need to compare these water 
quality-based limits with other limits to determine which were 
more stringent. 

The permitting authority decided to use acute toxicity tests rather 
than chronic tests to measure compliance with the toxicity effiu- 
ent limits. The appropriate effluent limits in terms of N, wece 
calculated by dividing the above calculation for TU, by the ACR of 
2 that was obtained from effiuent monitoring. 

In accordance with NPOES 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 cfs 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 
N, (Ib/d) (Ib/d) (Ib/d) 

~ ~ ~- 

MOL 2.8 1.31 1.16 54.2 
AML 1.4 0.64 0.58 27.0 

- . c .  

7.3.7 Cmpiwlag DltYmnt uarit Dtmlapmt MellbQ 
Permit limits also wwe-developed using a Monte Carlo simulation 
to compare the results to the steady-state permit limits. A Monte 
Carlo simulation was-Sd tuqenerate receiving water concentra- 
tions for determining the appropriate LTA for each of the ~ollut- 
ants. The methodology for the Monte Carlo simulation is presented 
in Section 7.2.7. The results.for this case are presented Mow. 

d . .  

MDLs in TU, and pg/l 
Toxicity Copper Chlorine Ammonia 

Monte Carlo 3.9 264 249 9,657 
Steady State 2.8 197 175 8,162 

AMLs in TU, and pg/I 
Toxicity Copper Chlorine Ammonia 

MonteCarlo 2.7 171 170 6,614 
Steady State 1.4 91 87 4,067 

7.4 CASE3 MULTIPLEDlSCHARGESINMTHESAME 
REACH 

Permit development for water quality-based toxics control has 
been illustrated for two single dischargers. This process inueases 
in complexity in cases of multiple dixhargers into a reach. The 
development of permit limits for multiple dischargers is based on 

the degradation in water quality resulting from the combined 
discharges, the development of total maximum daily loads (TMDLS) 
for the river reach before generating WLAS, and the allocation of 
discharges to each discharger. The following example describes 
the permit development process when two dischargers release 
effluent into the same reach of a river. The dischargers are the 
laybird manufacturing plant described in Case 1 and the Aubum 
POW described in Case 2. These facilities discharge into the 
Locapunct River, whose flow characteristics previously were de- 
S a i b e d .  

7.4.1 E" cbaractafratien 
The major differences in the effluent characterization for one 
facility and for multiple facilities is to identrfy those pollutants that 
are common to more than one facility, and to determine whether 
the combined discharges cause or are likely to cause water quality 
standaids excukions. 

Step 1: Identify Pollutants of Concem 

Based on the data in Form 2C, the OM& from the Jaybird 
Corporation and the data in the DMRs and Section 308 request 
from the Aubum POW, the permitting authority found two 
contaminants common to both discharges: copper and whole 
effluent toxicity. Lead and nickel were found to be a problem at 
the Jaybird Corporation, but since there were no complicating 
discharges from the POW, it was dealt with as a pollutant only at 
the metal finishing fadity. Similarly, chlorine and ammonia were 
discharged solely by the POW, so it was not necessary to provide 
effiuent limits for the metal finishing facility for these chemicals. 

Step 2 Determine the CMC and CCC for Pollutants of Con- 
cem 

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 pg/l 25.7 pg/I 
Toxicity 1 .o Tu, 0.3 TU, 

Step 3: Determine Dilution for Aquatic Life and Human Health 
Impacts 

Since this example is concemed with potential excursions above 
standards resulting from the collective discharge of two discharg- 
ers, the calculation of dilution indudes the combined effluent flow 
f" both facilities. The combined dilution can be characterized 
by the complete mixing equation: 

C=(CelQel  +GtQe2 +CsQs)/(Qel+ QZ + Q3 

where 
Qcl and = the flows of the two facilities 
G1 and &z = the effluent concentrations of the two facilities 
c, = the upstream receiving water concentration 
QS = the receiving water flow. 
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Step 4 Determine Rwonabk Potential for Excursions 

To determine if the CMC or CCC were exceeded as a result of the 
combined discharges into the river, the receiving water concen- 
tration of each pollutant was calculated and compared to the 
appropriate criterion. The receiving water concentration calcula- 
tion was based on the maximum value of the effluent concentra- 
tions (obtained from effluent data and mukiptii by the appropri- 
ate statistical factor), average effluent flows, background receiving 
water concentrations, and appropriate river flows. All this infor- 
mation has been presented previously in the separate examples. 
The following results were obtained: 

Receiving Water 
Criterion Concentration 

olgll) org/l) 

COoDer 
ccc 17.1 156 
CMC 25.7 1 94 

Toxicity 
ccc 1 .o 0.57 
CMC 0.3 0.45 

I These calculations demomQated exceedances of the copper CCC 
and CMC criteria and the toxicity CMC criterion. Permit limits 

1 were required. 

7.42 TIy#rOrdwi---  . -  i 
WLAS were cakula& deyelop permit limits. WLAS for each 
discharger and chemical  we^ based on calculated TMDLS, the 
total load to the Locapunct River that wwld not result in water 
quality standards exceedances. TMDLS are comprised of a load 
allocation for nonpoint sources, WLAS for point sources, and, if 
required by the State, a resecve capacity. TMDLs are further 
described in W o n  4.2, Chapter 4. 

Step 1: Calculate TMDL 

The first step in dewloping individual WLAS for the two discharg- 
ers was to dewlop TMDLS for each pollutant of concem. TMDLs 
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 cakulation of TMDLS used the following formula: 

TMDL = WQS x (Qt + Qs) 

where 
WQS = the water quality standard 
Qt = thecombinedflowofbotheffluents 
Qs = the appropriate receiving water flow. 

The acute copper TMDL was cakulated by using the data pre- 
sented in the previous two examples as: 

TMDL = 25.7 w/l x (0.034 cfs + 1.23 cfs + 10.1 dS) 
= 292pg&/l 

where 
25.7 pg/I = theCMC 
0.034 cfs and 
1.23 cfs 
10.1 = the 1Q10. 

= the average effluent flows 

Similar calculations were made for chronic copper and acute 
toxicity. A TMDL was not calculated for chronic toxicity because 
the information presented in Chapter 1 indicates that chronic 
toxicity does not demonstmte additivity. The results are summa- 
rized below. 

Total Maximum Daily Loads 
Chronic Acute 

Step 2 Develop W U s  

The State had adopted an approach into the water quality man- 
agement plan that described how W 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 pereent of the TMDL had to be resewed and unavailable for 
allocation. The remainder of the TMDL could be apportioned to 
point sources in the WUL 

The permitting authority decided to allocate the wasteloads based 
on the proportion of the existing load of each parameter that was 
attributed to each of the existing discharges. Based on the 
information shown in Tables 7-1 and 7-2 and the average effluent 
flows, the pollutant loads from each facility are shown below. 

jaybird Corporation 
Parameter Load Prowrtion Load Prooortion 

&bum POW 

~~ 

227.6 0.77 66.1 0.23 

1.23 0.90 0.14 0.10 
Toxicity 

Individual WLAs were then determined using the following 
equation: 

WLA = (TMDL - LA - 10% TMDL) x proportion/Q 

where‘the chronic TMOL was used to determine the chronic WLA, 
and the acute TMDL was used to determine the acute WLA for 
each facility. The WLAS for each pollutant and for each facility are 
presented on the following page. 

x 

:I: 
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AcutewlA Chronic WLA 
Jaybird 

Copper (W/U 134 1,450 98.4 1,063 
Toxicity (TUJ 2.2 9.0 NA NA 

7.4.3 P a n f t l h J l l t l b W l ~  
Once the WLAS had been determined, permit limit development 
proceeded as in the previous examples. LTAS were cakulated 
from the WLAS, and the limiting LTA was selected for calculating 
permit limits. For the metal finisher, where BAT limits were more 
restrictive than the water qwlity-based limits, the BAT limits 
applied. For the POW, permit limits for toxic materials wece 
required only to prevent exceedances of water quality standards. 
This process is summarized below. 

Step 1: Calculate LTAs 

The LTA was cakulated for each discharger and pollutant as 
described in Step 2, Box 5-2, Chapter 5; the LTAS are shown 
below. 

Acute LTA Chronic LTA 
Parameter POW jaybird POW jaybird 

Toxicity (TUJ 0.71 2.9 NA NA 
Copper (Wll) . -37-7 361 47.3 468 

Step  2 Determine the More lmiting LTA 

The minimum LTA was used to calculate MDLs and AMLs. The 
acute LTA was the lower LTA for both pollutants. 

Step 3: Calculate the Maximum Daily and Average Monthly 
Limits x 

The MOL and AML were calculated as described in Box 5-2, 
Chapter 5: 

Average Montftly Limit Maximum Daily Limit 
Parameter POW Jaybird POW Jaybird 

Copper @g/l) 62 632 1 34 1,448 
Toxicity(l7JJ 1.1 4.5 2.2 9.0 

Step 4 Express the Limits 

The final step is to compare the water quality-based limits to the 
BAT limits to ensure that the more restrictive of the two are used, 
and to express the copper limits in terms of mass. The copper 
water qwlity-based limits for Jaybird Corporation are lower than 
the BAT ones (see Section 7.2.6). Therefore, the water quality- 
based limits are required by the permit In addition, the limits are 
lower than those calculated when only one of the facilities were 
considered. The final permit limits are listed below. 

F 
- L  

Average Monthly Limit Maximum Daily Limit 

Parameter POW jaybird POW jaybird 
Copper (Ib/d) 0.41 0.1 2 0.89 0.27 
Toxicity (TUJ 1.1 4.5 2.2 9.0 
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Acute toxicity endpoints ( A m )  

Acute toxicity testing 59 
Acute-chronic ratio (ACR) 17 
Additivity 24 
Allowable Effluent Concentration Distribution 82 
Ambient toxicity testing 61 
Ambient-induced mixing 77 

lethal concentration (LC) 4 

lateral dispersion coefficient 77 
shear velocity 77 

Amelia River 68 
Ames test 25 
Analytical considerations for chemicals 65 
Antidegradation policy 29 
Aquatic community 18 
Aquatic Life Protection 34 
ARM 84 

BAF 38 
Bioaccumulation 37, 38, 72 
Bioaccumulation consideration 38 
Bioconcentration 38,. 64 '- 
Biocriteria 41,42 
Biological assessmentlbioassessment 18, 20 
Biological criteria - - 

biological i-rity 1, 18 
Biological survey/bio%ey 38, 19 

Calculations 
CCC for toxicity 85 
CMC for toxicity 85 
Concentration (multiple dischargers) 86 
Concentration (nonconsewative pollutant) 87 
Harmonic mean flow 88 
Lateral dispersion coefficient 77 

Carcinogenicity 25 
Carcinogens 68 
Carcinogens, calculating RACs 40 
CCC 34, 85 
CCC. See Criterion continuous concentration 79, 85 
Center for Exposure Assessment Modeling (CEAM) 73 
Chronic toxicity endpoints 

effective concentration 4 
lowest observed effect concentration 4 
no observed effect concentration 4 

Chronic toxicity testing 59 
Clean Water Act (CWA) 1, 67 
CMC 34, 71, 85 
CMC. 71 
Coefficient of variation (cv) 95 

Completely mixed discharge-receiving water situations 78 
in permit limit derivation 105 

INDEX* 

Complex Effluent Toxicity Testing Program (CElTP) 7, 9 
Compliance monitoring 123 

discharge monitoring report/quality assurance 1 24 
inspections 124 
self-monitoring report 123 

Compliance problems 53 
Concentration 

flow distance 77 
Continuous Simulation 80 
CORMIX1 76 
Criterion continuous concentration (CCC) 48 
Criterion maximum concentration (CMC) 48, 71,85 
Critical conditions 67 
Critical design periods 

estuaries and coastal bays 74 
oceans 74 
rivers and run-of-river reservoirs 73 
lakes, reservoirs 73 

Design periods. See Critical design periods 
Designated use 54 
Detection level 

minimum level 11 1 
practical quantitation limit 1 12 

Detection levels 11 1 
Determining the need for a limit 

statistical approach 56 
when is a chemical-specific limit sufficient? 62 
with effluent data 55 
without effluent data 50 

Dilution 52-53, 61 
Dilution determination 58, 63 
Discharge monitoring reports 54 
Discharge-Induced Mixing 75 
Duration 31 -32 
Duration for single chemicals and WET 35 
Dye study 51,58 
Dynamic modeling. See Modeling 

DYNHYD4 89 
DYNTOX 83,84 

Modeling techniques; Models 76, 78, 79 

Effluent bioconcentration evaluation 42, 64-65 
Effluent characterization 47 

addressing uncertainty in 56 
for aquatic life effects 48 
for human health effects 48, 62 
or multiple dischargers 60-61 
for specific chemicals 61 -63 
for whole effluent toxicity 56-60 
process 53.63 
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Effluent characterization (cont.) 
purpose 48 
special considerations for marine and estuarine 

systems 61 
Effluent variability 

Enforcement 125 
basic principles 93 

enforcement discretion 125 
enforcement mechanisms 125 
whole effluent toxicity enforcement 124, 125 

EXAMS-II 84 
Excursion above CMC or CCC 60 
Excursions above ambient criteria 50 
Expressing limitations and developing monitoring require 

Expressing permit limits 
ments 110 

mass-based limit 1 10 
maximum daily 96 

FCM2 85 
FCETS 85 
Fish consumption values 37 
Fishable/swimmable 29 . =. 
FLOSTAT 89 
Food chain 87 
Frequency 31, 32 
Frequency for single che%%ls and WET 36 

CC/MS 64 
Generating Effluent Data 56 
Cenotoxic pollutants 25 

- -  - - -  - - 

Health effects 25 
nonthreshold effects 25 
threshold effects 25 

HPLC 65 
HSPF 84 
Human exposure 

Background concentratiuns 37 
drinking water ingestion 37 
fish consumption 37 

Human health criteria 
Q1' 39,40 
RfD 39, 40 
updating 38 

Human health protection 25 
Human health protection (WQC) 36 
Human health/Human exposure 37 

Implementation methods for state antidegradation policies 
Tier1 29 
Tier II 30 
Tier 111 (ONRWs) 30 

Independent application 22, 31, 49 
Integrated approach 1 

bioassessment approach 1,22 
chemical-speufic approach 1,20 
whole effluent approach 1,4,21 

Integrated Risk Information System (IRIS) 3 8  
Isopleths, concentration 72 

LA. SeeLoadallocation 67 
Lateral dispersion coefficient 77 
LCSO 4'57.58, 71 
Limits for metals 11 1 
Loadallocation 67 
Lognormal Probabilistic Dilution Model 82 
Long term average (LTA) 95 

Magnitude 31, 32 
Magnitude for single chemicals 34 
Magnitude for whole-effiuent toxicity 35 
Magnitude, duration, and frequency (Criteria) 31, 32 
Margin of s a f q  67 
Marine and estuarine discharges 61 
Marine and estuarine permitting 104 
Maximum daily permit limits 

chronic toxicity 96 
Metals 111 
MlNTEQA2 84,85 
Mixing zone 58, 72 
MixingZones 33 
Modeling techniques 

continuous simulation 81 
lognormal probabilistic dilution model 82 
Monte Carlo simulation 81 
steady state 78 

CORMlXl 76 
DYNHYD4 84 
DYNTOX 84 
EXAMS-II 84 
FCM2 85 
FCETS 85 
FLOSTAT 89 
HSPF 84 
MlNTEQA2 85 
Mixing zone 70 
PSY 78 
SARAH2 85 
Selection of 83 
STORET 79 
TOX14 84 
UDKHDEN 77 
ULINE 77 
UMERCE 77 
UOmPLM 77 
UPLUME 76, 77 
WASP4 84 

Models 
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Monte Carlo simulation 80,81 
Monticello Ecological Research Station (MERS) 2 
Multiple source toxicity testing procedures 60-61 
Multiple-source discharge 60-61 

Narrative criteria 29 
Noncarcinogens 89 
NPDESprogram 1 
Number of samples 

Numeric criteria 29 
in permit limit derivation 105 

Outfall design recommendations 
in lakes and reservoirs 73 
in Oceans 74 
in rivers 73 
multiport submerged 73 
single-port submerged 73 
surface discharge 73 

Outstanding national resource waters (ONRWs) 30 

Penalties 124 
Permit documentation 1 10 
Permit limit derivation $8 

aquatic life protection 98 
average monthly 96 
average weeldy 96 
basic o b j e v e  -96 
detection&& ul 
direct application of both the acute and 

chronic WLAS 104 
dynamic 101 
human health protection 1041 05 
maximum daily 96 
other approaches 103 
selection of monitoring frequencies 1 13 
single value steady state 102 
two value steady state 98 
use of a WLA as a permit limit 96-97 

Pollution prevention 11 1 
Potential for excursion above CMC or CCC 58 
POW 53 
Precision 2, 11, 12 

coefficient of variation (cv) 12 
inter-laboratory precision 2, 11 
intra-laboratory precision 1 1 
variability 11 

Priority toxic pollutants 30 
Probability basis 

average monthly 1 10 
daily maximum 11 0 
in permit limit derivation 1 10 
LTAforWLA 110 

Quality assurance 12, 1 23 
discharge monitoring repoflquality assurance 124 

Reasonable potential 48, 49, SO, 58 
asatrigger 58 
for multiple dischargers 60 
for whole effluent toxicity 58 

with effluent data 50,56 
without effluent data 49 

Receiving water concentration (RWC) 48 
Reference ambient concentration (RAC) 48 
Reference toxicants 12 
Regulation requirements 48-49 
Reporting violations 126 

. regulatory basis 49 

to the public 126 
to the regulatory agency 124 

Retum period 82 
Rhodamine W. See Tracer (dye) studies 75 

SARAH2 85 
Screening protocol 53 
Sediment 42,67 
Sediment criteria 42 
Shayler Run, Ohio 2 
Single value wasteload allocations 

Species sensitivity 59 
Species sensitivity differences 16 
Statistical considerations of effluent limits 105 

use in permit limit derivation 102 

changes in CV on limits 106 
changes in CV on LTA 1 OS 
changes in monthly samples 1 OS, 107 
changes in probability basis on limits 1 OS, 1 10 

Statistical considerations of WlAs 96 
Statistical distributions of effluent data 

lognormal (positively skewed) 95 
normal (bell shaped) 95 

STORET 79 
TMDC. See Total maximum daily load 
Total maximum daily load 

calculation of 78 
margin of safety 67 

Total maximum daily load (TMDL) 1, 67, 78 
TOX14 84 
Toxic units (lUs) 6 

acute toxicity units (TU,) 7 
chronic toxicity units (TUc) 7 

acute toxicity 4 
CCCfor 85 
chronic toxicity 4 
CMCfor 85 
whole effluent toxicity 4, 71 

Toxicity 
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Toxicity persistence 23 
Toxicity reduction evaluations 

308 letters 1 18-1 19 
additional testing 1 1 7-1 18 

approach 1 14 
circumstances warranting a TRE 11 7 
consent decrees 1 14 
evaluation criteria 1 15 . 

guidance documents 1 14 
requiring TREs 118 
toxicity identification evaluation (TIE) 11 6 
TRE plans 115 

acute toxicity endpoints ( A m )  4 
chronic toxicity endpoints (CEs) 4 

composite sample 13 
flow-through toxicity test 13 
grabsample 13 
off-site tests 11 
on-site tests 11 
static toxicity test i 3  

Toxicity testing procedures 58 
Treatment plant performance 97 
Triggers for permit limit development 58, 63-64 
Tualatin River Basin 68 

UDKHDEN 77 
UUNE 77 
UMERCE 77 
UOUTPLM 77 
UPLUME 76, 77 

Variability 

administrative orders 1 14 . -  

Toxicity test endpoint concentrations 

Toxicity testing 11 

- - 
- -  

- .- - - 

effluent variability 16 
exposure variability 16 
species sensitivity differences 16 

Violation review 124 
WASP4 84 
Wasteload 67 
Wasteload allocation 

Wasteload allocation (WIA) 1 
Water quality criteria 1, 29, 32 

schemes 67,69 

aquatic life 34 
criterion continuous concentration (CCC) 32 

~ criterion maximum concentration (CMC) 34, 35 
RAG for non-carcinogens 39 
reference ambient concentration (RAC) 36 
reference tissue concentration (RTG) 37 

Water quality models 
continuous simulation 81,98 
dynamic 98 

lognormal probabilistic 82 
Monte Carlo 81,98 
single value steady state 97 
two value steady state 98 

biological criteria 1 
narrative water quality criterion 1 
numericuiteria 1 
water quality criteria 1 

Water quality standards regulatory considerations 30 
Section 303(c)(2)(6) of CWA 30 
40 CFR 122.44 & 40 CFR Part 131 31 
Section 307(a) of CWA 30 
Section 131.1 1 Standards Regulation 2.1 29 

When is a chemical-specific limit sufficient? 62 
Whole effluent approach 4 
Whole effluent toxicity 

Water quality standards 1 

"pasdfail" tests 104 
acute endpoint sensitivity 11 2 
chronic endpoint sensitivity 11 2 
description of limits 112 
detection lewls 11 2 
end-of-pipe approach 104 
test methods 11 2 
use of acute versus chronic tests 1 12 

Whole effluent toxicity data generation 58 
W 67 
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SHEEWEAD MINNOW (cygrinodon mri8gatu4 
Seven-day Larval Survival and Growth Test 

Single Laboratory Precision Data 

Test 
Number 

1 
2 
3 
4 
5 
6 
7 

Table A-1-1. Single laboratory precision of test performed in 
40 fathoms artificial seawater, using larvae from fish 
maintained and spawned in 40 fathoms artificial seawater, 
using copper as the reference toxicant [l]. 

NOEC lCZs 
(mg/l) (mg/l) 
0.05 0.1 133 

<0.05* 0.0543 
<0.05* 0.041 8 
0.05 0.0632 

<0.05* 0.0577 
0.05 0.0483 
0.05 0.0796 

8 1 0.05 

~ ~~ 

ICs0 
"/I) 
0.1 523 
0.0975 
0.071 4 
0.0908 
0.0998 
0.1 325 
0.1 597 
0.2364 0.1 235 
8 
0.1 300 
40.77 

1 
2 
3 

5 
n: 

Mean: 
cv(%): 

4 

Most 
Sensitive 
Endpoint 

5 
C 
C 
5 
5 
C 
c 
C 

125 320.3 437.5 5 
31 182.3 1 323.0 C 
125 333.4 I 483.4 1 5 
125 228.4 1 343.8 j s 125 437.5 I Nc ' 5 

106.2 300.4 j 396.9 
NA 33.0 ~ 19.2 I 

5 / 4 1  
1 

5 

The lowest concentration tested was 0.05 -./I 

NOEC Range: 9.05' - 0.05 mgll. 

Test 
Number 

1 
2 
3 
4 
5 

Mean: 
CV(%): 

n: 

Copper concentrations in Tests 1-6 were 0.050. 0.10, 0.20, 0.40, and 0.80 mg/l 
and Tests 7-8 were 0.025. 0.050, 0.10, 0.20, and 0.40 mg/l. 

Prepared by Florence Kedlei, TN, Cincinnati, OH, January 11, 1990 (ICp 
Program, version 1.1 b). 

j Most 
NOEC IC25 IC- I Sensitive 
(mg/l) (mg/l) (mg/l) Endpoint 

5 2.5 3.6 ' 
1.3 $ - 1  NC2 ; C 
1.3 1.9 i 2.4 5 
1.3 2.4 NC2 c 

5 4 3 
1.5 2.2 I 2.6 I 

NA 27.6 I 35.3 ! 

I 

1.3 1.5 I 1.8 5 
I 

Table A-1-2. Single laboratory precision of test performed in 
40 fathoms artificial seawater, using larvae from fish 
maintained and spawned in 40 fathoms artificial seawater, 
using sodium dodeql sulfate (SDS) as the reference toxicant 

I. 

1 Test 
Number 

1 
2 
3 

t-5 Mean: 

1.0 1 1.2799 
1.0 I 1.4087 

2.3051 
1.9855 
1 .I901 
1.1041 

0.8 I 1.5456 I CV(%): , NA I 31.44 

1.5598 
1.8835 
2.8367 
2.6237 
1.4267 
1.4264 
6 
1.9595 
31.82 

C 

NOEC Range: 0.5 - 1 .O mg/l (this represents a difference of one exporum 
concentration). 

SDS concentrattons In Tests 1-2 were 1 .O, 1.9, 3 9 ,  7.7, and 15.5 mg/l and in 
Tesh 3-6 were 0.20, 0.50, 1 0, 1.9, and 3.9 mg/l. 

Prepared by Florence Kessler, TAI, Cincinnab, OH, january 11, 1990 (ICp 
Program, version 1 1 b). 

Table A-1-3. Single laboratory precision of test performed in 
natural seawater, using larvae from fish maintained and 

spawned in natural seawater, using copper as the reference 
toxicant [l 1. 

N o  linear interpolation estimate could be calculated from the data, since none 
of the group response means were less than 50 percent of the control response 
-. 

NOEC Range: 31 - 125 mg/l (this represents a difference of two exposure 
concentrations). 

Prepared by Elise Todlo, SAC, Nanagansett. RI, and Margarete Heber. EPA. 
Washington, DC. February 1990 (ICp Program, version 1.1 b). 

Table A-14. Single laboratory precision of test performed in 
natural seawater, using larvae from fish maintained and 
spawned in natural seawater, using sodium dodecyl sulfate 
(SDS) as'the reference toxicant [l]. 

NOEC Range: 1.3 - 2.5 mg/l (this represents a difference of one exposure 
concentration). 

'No linear interpolation estimate could be calculated from the data. since none 
of the g m p  response means were Ins than 75 percent of the control response 

'No linear interpolation estimate could be calculated from the data, since none 
of the group response means were leu than 50 percent of the control response 

man. 

m. 

Prepared by Elise Torello, SAIC, Narragansett, RI, and Margarete Heber €PA 
Washington. DC, February 1990 (ICp Program, version 1 1 b) 
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SHEEPSHEAD MINNOW (cypr~nodon variegat~s) 

Sdven-day Larval Survival and Growth Test 
lnterlaboratory Precision Data 

Table A-1-5. Interlaboratory precision of test using an industrial effluent as 
the reference toxicant [l]. 

4.7 (5 )  

7.4 (C) 

Laboratory A 

7.2 (5 )  

24.7 (C) 

Laboratory B 

Test 
Number 

1 
2 
3 
4 
5 
6 

I 

n: 
Mean: 

1 cv(%): 

Laboratory C 

Laboratory D 

ECl ECS EClO ECM NOEC 
(ug/l) (Wl) (Ugm (Wl) (ug/l) 
173 189 198 234 . 240 

240 
240 

182 197 206 240 240 
171 187 197 2 34 240 

<zoo 
220 

195 20 3 208 226 220 
4 4 4 4 7 

1 a0 194 202 233 234 
6.1 3.8 2.8 2.5 NA 

t t t t 

t t t 

t t t 

t t t 

n: 
Mean: 
a/(%): 

Test 
Number 

Most Sensitive Endpoint 

NOEC 
(%I 

3.2 (S,C) 
3.2 (S,C) 

3.2 (S,C) 
3.2 (S,C) 

1 .o (5) 

3.2 (S,C) 
1.0 (C) 
7 
2.6 

NA 

NOEC Range: 1 .O - 3.2 percent (this rqxesenu a difference of one exposure concentration). 

Prepred by Elise Torello. WC, Namgansett, RI. and Margarete Heber. EP& and Washington, DC, 
-. February (ICp Program, version 1.1 b). 

' c. 

.I 
SHEEPSHEAD MINNOW (Cyprinudon variegafus) 

- -- Embryo-larval Survival and Teratogenicity Test 
r- - Single Laboratory Precision Data - - -  

Tab& A-14. Single laboratory precision of test performed in HW Marinemix 
artificial seawater, using embryos from fish maintained and spawned in HW 
Marinemix artificial seawater, using copper as the reference toxicant [l 1. 

Data do not fit the Pmbit model. 

NOEC Range: 200 - 240 (this represents a difference of two exposure concentrations). 
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SHEEPSHEAD MINNOW (CVprinodon variegafus) (continued) 

Embryo-larval Survival and Teratogenicity Test 
Slngle Laboratory .Precision Data 

Table A-1-7. Single laboratory precision of test performed in HW Marinemix 
artificial seawater, using embryos from fish maintained and spawned in HW 
Marinemix artificial seawater, using sodium dodecyl sulfate (SDS) as the 
reference toxicant [1 1. 

1 1.7 
2 
3 0.4 
4 1.9 
5 1.3 

I 

2.0 2.2 

0.7 0.9 
2.2 2.4 
1.7 1.9 

3.1 

2.5 
3.3 

t 

2.0 
4.0 
2.0 
2.0 

n: 
Mean: 
of(%): 11.7 N A  

4 4 4 

51 .2 41.6 35.0 
1.3 1 1.6 1.9 

NOEC Range: 2.0 - 4.0 ugll (this represents a difference of OM exposure concmtration). 

lCZs 

1 63 96.2 

i 
Test j NOEC 

Number 1 (ug/l) (ug/l) 

2 i 125 1 207.2 
3 i 63 218.9 
4 ' 125 177.5 
5 31 350.1 
n: 5 5 

Mean: 81.4 209.9 
CV(%): I N A  43.7 

INLANO SILVERSIDE (Menidla Dery//ina) 
Seven-day Larval Survival and Growth Test Single Laboratory Precision Data 

Most 
~CSo Sensitive 

(ug/l) , Endpoint 

148.6 S 
N c  5 
493.4 C 
241.4 S 
479.8 C 
4 

340.8 
50.7 

I 
Test j NOEC 

Number I (mg/l) 
I 1 1.3 

3 
4 1.3 
5 1 1.3 
n: 5 

Mean: 1.3 
@I(%): N A  

1 ;:; 

* No linear interpolation estimate could be calculated from the data, since none 
of the group response means were less than 50 percent of the control response 
mean. 

NOEC Range: 31 . 1 2s ug/l (this rep-ts a difference of two exposure 
concentrations). 

Prepared by Elise Torello. SAIC, Narragansett, RI, and Margarete Heber, EPA, and 
Washington. DC, February 1990 (ICp Program, version 1.1 b). 

Most 
ICE 1 ICso Sensitive 

(mg/l) 1 (mg/l) Endpoint 

1.5 I 1.9 ' 5 

0.3 1.7 5 
1.6 , 1.9 5 

1.5 I 1.9 5 
1.6 2.2 , 5 

1.3 1.9 ' . 
5 5 I 
43.2 9.4 

NOEC Range: 1.3 mgll. 

Prepared by Elise Torello. SAIC, Narragansett, RI, and Margarete Heber. EPA ana 
Washington, DC, February 1990 (ICp Program, version 1 . 1  b).  

Ip 
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MYSlO (Mysidupsl" bahia) : 

Seven-day Survival, Growth, and Fedundity Test SIngle 
Laboratory Precision Data 

Test 
Number 

Table A-1-10. Single laboratory precision of the mysid (Mysidopsis 
bahia) survival, growth and fecundity test performed in natural seawater, 
using juveniles from mysids cultured and maintained in natural 
seawater, using copper as the reference toxicant [l]. 

. -  

ICso Most Sensitive NOEC G.5 
(ug/l) (ug/l) (ug/l) Endpoint 

1 
2 
3 
4 
5 

63 96.1 Nc S 
125 138.3 175.5 5 
125 156.3 187.5 S 
125 143.0 179.9 5 
125 157.7 200.3 5 

No linear interpolation estimate could be calculated from the data. since none of the 

NOEC Range: 63 - 125 ug/l (this represents a dif fmnce of two exposure concmtfations). 

Prepared by Elise Torello, UIC, Narragansett, RI, and Margarete Heber, €PA, and 
Washington, DC, February 1990 (ICp Program, version 1.1 b). 

group response means were less than 50 percent of the control response m a n .  

n: 5 

Table A-1-1 1. Single laboratory precision of the mysid (Mysidopsis 
bahia) survival, growth, and fecundity test performed in natural 
seawater, using juveniles from mysids cultured and maintained in 
natural seawater, using sodium dodecyl sulfate (SDS) as the reference 
toxicant [ 1 1. 

* v.  

5 4 
Mean: 112.6 138.3 
CV(%): 1 N A  1 18.0 

185.8 
5.8 

'No linear in terpolam estlmate could be calculated from the data, since none of the 

2No linear interpolation estimate could be calculated from the data, since none of the 

NOEC Range: c0.3 - 5.0 mg/l (this repnscnu a difference of four exposure concentrations) 

Prepared by Elise Torello, SAIC. Narragansett Rl, and Margame Heber, EPA. and 
Washington, DC, February 1990 (ICp Program, version 1 1 b). 

group response means were less than 75 percent of the contrd response mean. 

group response means were less than 50 percent of the control response mean. 

Test 
Number 

1 

. EI 

NOEC lC2S IC% Most Sensitive 
(mg/9 "/I) "/l) Endpoint 

2.5 I 4.5 1 NC2 5 

rc 
"i 

2 
3 
4 
5 
6 

Mean: 
a(%): 

n: 

c 

L 

~0.3 1 NC' I NC2 5 
c0.6 NC' NCZ 5 
5.0 7.8 N C 2  5 
2.5 3.6 4.6 5 

4 ' 4  2 
3.8 5.7 1 6.9 

NA 35.0 47.8 

5.0 1 7.0 9.3 5 
I 

I 
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SEA URCHIN (Arbacia puncfuiata) 
Fertilization Test Single Laboratory Precision Data 

~ 

IC25 
(ug/l) 
8.92 
26.35 
1 1.30 
34.28 
36.67 

23.51 
54.60 

5 

Table A-1-12. Single laboratory precision of the sea urchin 
(Arbucio punctulata) fertilization test performed in natural 
sezwater, using gametes from sea urchins maintained and 
spawned in artificial seawateF (40 fathoms), using copper 
as the reference toxicant [l]. 

~ 

G o  
(ug/l) 
29.07 
38.96 
23.93 
61 -75 
75.14 

45.77 
47.87 

5 

Table A-1-14. Single laboratory precision of the sea urchin 
(Arbaua punctulata) fertilization test performed in natural 
seawater, using gametes from sea urchins maintained and 

.spawned in natural seawater, using copper as the reference 
toxicant [l]. 

Test 
Number 

1 
2 
3 
4 
5 

Mean: 
cv(%): 

n: 

Test 
Number 

1 
2 
3 
4 
5 

NOEC lCLS ICs0 
(U9N (ug/l) (ug/i) 
12.2 14.2 18.4 
12.2 50.8 
24.4 :::': 1 46.3 
<6.1 26.2 34.1 
6.1 11.2 1 17.2 
4 5 5 
13.7 22.8 29.9 

N A  41.9 48.2 

n: 
Mean: 
cvI%k 

Test 
Number 

NOEC 

5.0 
12.5 
~ 6 . 2  
6.2 
12.5 
4 
9.0 

N A  

(ug/I) 

NOEC - lCZr ICs0 <" - "0 "0 

1.27 
2.26 
1.90 

NOEC R.nge: 4 . 0  - 12.5 ug/l (this repramts a diffcrme of one exposure 
concentration). 

Copper concentrations in Test 1 were 2.5, 5.0, 10.0, 20.0, and 40.0 ug/l and in 
Tesu 2.5 were 6.25. 12.5, 25.0, 50.0, and 100.0 uq/l. 

Prepared by Flormce W e r ,  TAI, Gndnniti, OH, tancury 11, 1990 (ICp 
Program. venion 1.lb). 

( 

1.79 
2.87 
2.69 

2 
3 
4 
5 

Mean: 
n: 

cv(%): 

1 I 4.9 . 1.11 I 1.76 I 
1.8 i , 3.9 I 5.1 
1.8 ~ 2.3 I 2.9 
0.9 I 2.1 ' 2.6 
1.8 I 2.3 2.7 
5 5 5 
1.6 2.58 3.2 

N A  28.7 ' 33.3 
I 

2 I 0.9 

4 I 0.9 
3 1 1.8 

5 i 1.8 
n: 4 

Mean: 1.4 
@I(%): , N A  

2.1 1 2.78 
5 5 
1.73 2.38 
29.7 23.3 

Table A-1-15. Single laboratory precision of the sea urchin 
(Arbacia punctuluta) fertilization test performed in natural 
seawater, using gametes from sea urchins maintained and 
spawned in natural seawater, using sodium dodecyl sulfate 
(SDS) as the reference toxicant [l 1. 

NOEC Range: 0.9 - 1.8 mg/l (this represents a difference of one exposure 
concentration). 

Prepared by Uise Torello, SAIC, Narragansett. RI, and Margarete Heber. €PA. and 
Washington, DC, February 1990 (Wp Program, version 1.1 b). 

r L. 

-- 
-A& 
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1 
2 
3 
4 
5 

._ --- -. . -: - - -  . 

1 .o 1.67 2.35 
1 .o 1 .so 1.99 
1 .o 0.69 1.53 
1 .o 0.98 1.78 
0.5 0.38 0.76 

- -  
- RED MACROALGAE (Champia pan@?) 

ReprOductfon Test Single' Laboratory Precision Data 
.L 

6 1 0.5 
n: 6 

Mean: i 0.83 
CV(Y0): NA 

Table A-1-16. Single laboratory precision of the red 
macroalga (Champia parvulu) reproduction test performed in 
50/50 natural seawater and CP-2 artificial seawater. Copper is 
the reference toxicant [l 1. 

0.38 0.75 
6 6 
0.93 1.5 

59.6 , 43.7 

1 
2 
3 
4 
5 
6 
7 
8 
9 

- n: 
Mean: 
CV(%): 

NOEC Range: 0.5 - 1 .O ug/l (this represents a difference of one exposure 
concentration). 

Prepared by Elise Tonllo, WC, NarraganseK RI, and Maqante Heber, EP& and 
Washington, DC, February 195% (ICp Ptogram, version 1.lb). 

Co.80 I 0.6 I 0.3 
0.48 0.7 I 0.6 

<0.48 0.4 1 0.2 
<0.48 0.2 I 0.4 

0.2 I 0.5 
I 0.3 

0.1 6 0.2 I 0.3 
i 0.2 0.09 0.1 

<0.29 0.3 0.4 

L 
I 

9 
I 

I 5  9 
0.22 0.31 i 0.36 

NA 69.0 I 37.0 

Table A-1-17. Single laboratory precision of the red 
macroalga (Champia pam/a) reproduction test performed in 
50/50 natural seawater and CP-2 artificial seawater. Sodium 
dodecyl sulfate (SDS) is the reference toxicant [ l ]  (personal 
communication with C. Thursby, SAIC, Narragansett, RI). 

Test 
1 
2 
3 
4 

_ L  cu (ug/l) SDS (mg/l) 

1.00 - 2.62 4.02 0.60 0.05 I 0.50 

0.50 2.83 3.55 0.30 j 0.69 0.89 
' 0.50 0.99 4.1 5 j 0.15 1 0.60 0.81 

lCS0 
~ 

--NOfC - G s  G o  NOEC IC25 

0.50 0.71 1.66 0.60 1 0.48 I 0.81 

n: i 4  

1 Ni.63  
Mean: 
cv(%): 

'All tests wen conducted at 23 5 1OC in natural seawater with irradiance set at 40 uE/mz/s. - 7 .  

-k 
'SDS concentrations were 0.0375, 0.075, 0.15, 0.30, 0.60, and 1.20 mg/l. Concentrations of SDS were made from a 44.64 

Prepared by Steven H. Ward and Glen Thunby, €PA, Narragansett RI (ICp Program, vemon 1.1 b). 

3.33 mg/ml standard obtained from U S EPA 
EMSL, Cincinnati, OH. 

4 4 I 4  4 
3.35 0.41 I 0.46 0.75 

61.09 34.45 1 62.29 22.92 

4 
1.79 

I 
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FRESH WATER SHORT~TERM CHRONIC TOXICITY TESTS 
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Test 
Number 

1 
2 
3 
4 
5 

FATHEAD MINNOW (Pfmepha/es promelas) 
Seven-day Larval Survival and Growth Test and 
Embryo-larval Survival and Teratogenicity Test 

Single Laboratory Precision Data 

Table A-1-19. Single laboratory precision of the fathead 
minnow (Pimephales promelus) embryo-larval survival and 
teratogenicity.test performed in using Diquat as the reference 
toxicant [2] .  

LC1 
“/I) 

0.58 
2.31 
1 .so 
1.71 
1.43 

Mean: 1.51 
I n: I 

Test 
Number 

1 
2 
3 
4 
5 

Mean: 
cv(%): 

n: 

5 

NOEC LCl 
“/I) 
0.01 4 i 0.01 2 
0.006 0.01 2 
0.005 0.01 3 
0.003 0.01 1 
0.006 0.01 2 
5 5 
0.0068 0.01 2 

62 1 N A  

f “/I) 

NOEC Range: 0.01 1 - 0.01 3 mg/l (this reprrxnts a difference of one exoosum 
concentration). 

3 

P 
-& 

¶-- 

I 

L 
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FATHEAD MINNOW (Pimepha/m p&/as) 
Seven-day Larval Survival and Growth Test 

Single Laboratory Precision Data 
Table A-1-21. Single laboratory precision of the fathead 
minnow (Pimephales promelas) larval survival and growth test 
performed in using NAPCP as the reference toxicant [2]. 

Test 
Number 

1 
2 
3 
4 
5 

Mean: 
cv(%): 

n: 

, 
NOEC' 

256 
128 
256 
128 
128 
5 

179.2 
NA 

(ug/l) 

'Raw data unavailable, IC= and ICs0 values c w l d  not be calculated. 

NOEC Range: 128 - 256 ug/l (this m p r m t s  a difference of one exposure 
concentration). 

(mg/lasCr ) 

1.63 (1.4-2.0) 
3.7 (2.34.7) 

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 

Table A-1-22 Results of the performance evaluation for contract laboratories conducted for the Califomia Regional Water Quality 
Control Board. All tests were conducted using potassium chromate (expressed as Cr+6) and testing the fathead minnow (Pimephdes 
promelos) in the 7day subchronic tests [3]. 

h d ~ i n t  1 (mg/l as Cr+6) 

c3 C 1 3.3 (2.84.0) 

1 6.6 (5.0-8.4) 
I 

3c 5.4 (4.5-8.3) 

c3 c 4.7 (3.9-5.6) 

c3 c .63 (2.5-3.3) 
6 C  9.9 (8.5-1 1) 
3c 7.4 (6.6-8.1) 

c3 c 8.1 (6.4-15) 
6 C  9.2 (8.4-10) 
3c 7.88 (5.1-1 2) 

6.9 
31 

Lab Water /I 'Fax4 I I Age 

2 ' MHRW 
1 

4 
5 
6 
7 
8 
9 
10 

3x 
MHRW 3x 
We117 M 

MHRW 3x 
Mean: I 
cv (Yo): ! I 

I 

' Moderately hard tap water. 

X Control 
Weight 

0.590 
0.623 
0.2744 
0.670 
0.773 
0.635 
0.390 
0.346 
0.41 5 
0.255 

- 
Ctrl. 

n 

3 

4 
2 
4 
2 
3 
5 
4 
2 

32 

' Control with three replicates and all concentrations with two replicates. 

Value is extrapolated and is  not included in coefficient of vanation calculation. 

Weight measuremenu made with questronable techniques. 

Dechlorinated Lake Ontano tap water 

Not reported 

Well water mixed mth spnng water, moderately hard. 

Value may be skewed as middle concentration had 45 percent surmal but no weigh6 reported. 
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Seven-day Larval Survival and Growth Test 
Interlaboratory Precision Data 

Table A-1-23. lnterlaboratory precision data of the fathead minnow (Pimephdes promelas) 7-day larval survival and growth test. 
Combined frequency distribution for survival NOEG for all participating laboratories [2]. 

Sample 
Sodium Pentachlorophenate 

Potassium Dichromate 
Potassium Dichromate 
Refinery Effluent 301 
Refinery Effluent 401 

Sodium Pentachlorophenate 

Utility Waste 501 

NOEC Frequency (%) Distribution 

Tests wi th 2 Reps Tests with 4 Reps 

Median 21 (a) Median 2 l(a) >ab)  

42 42 16 56 1 4 4  0 

41 41 18 so i 50 I 0 

I 

35 53 12 57 29 14 

47 47 6 7 5 1 2 ;  0 

; L z  0 
I 44 0 

26 68 6 78 
37 53 10 56 
56 33 11 56 I 33 11 K ’ Percent of values with one concentration intervals of the median. 

Percent of values within two or more concentrations intervals of the median. 

Tests with 2 Reps Tests with 4 Reps 

Sample. - 
Sodium Pentachlorophenate 
Sodium Pentachlorophenate 

Refinery Effluent 3 0 k  I 
Refinery Effluent 401 - 
Utility Waste 501 

Potassium Dichromate 
Potassium Dichromate - 

Median 

59 
37 
35 
12 
35 
37 
11 

’ Percent of values with one concentration intervals of the median. 

‘ Percent of values within two or more concentrations intervals of the median. 

21 (a) 
41 
63 
47 
47 
53 
47 
61 

r 
-L 

>ab)  Median I +l(a)  >2(b) 

0 57 I 43 0 
45 33 0 

18 88 
I 12 

0 
41 63 
12 75 
16 33 56 4 11 
28 33 i 56 11 

= I  0 12 

T 

I 
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CEROOA PHNIA ( Ceriodaphnia dubia 
Seven-day Reproductlon Test 

Single Laboratory Ptecision Data 

19 
46A 
466 
49 

Table A-1-25. Single laboratory precision of (Ceriodaphnia dubia) 
reproduction test performed in using sodium pentachlorophenol as 
the reference toxicant [2]. 

0.30 i 0.3754 0.4508 
0.20 0.0938 0.2608 
0.20 0.221 3 o:za97 
0.20 0.2303 0.291 2 

D 

n: 

Table A-1-26. Single laboratocy precision, from six discrete laboratories, of the (Ceriodaphnia dubia) reproduction test performed using sodium 
chloride (NaCI) as the reference toxicant. Tests were conducted in 1989 [4]. 

I 
1 j 0.50R 0.58 i 0.84 
2 ' O X R  , 0.30 0.60 
3 1.005 ' 0.84 1.22 
4 1.W5 I 1.04 1.38 
5 1 .oos 1.04 1.37 
6 O S O R  1 0.76 1.14 - 

6 1  6 L  l 6  

Test 
Laboratory I Number' 

CV(%): 

A I 1  

' NA 12.40 I a 9.32 

2 
3 -  

5 -  
4-= 

n: 1 
CV(%): ~ 

Mean: 

6 I 1  
1 2  

1 3  
1 4  

cv%: 

1 .oo 

NA I 25.83 
1" I 1.28 

0.505 0.81 

1" , 1.12 

0.83 i 1.04 

1.005 I 1.01 
0.50s 0.69 

1.WR 1 1.31 

6 1 6  

NA 24.1 1 
1.005 ! 1.23 

2 ' 0.505 0.46 I 3 ' 1.005 1.25 

IC50 
"l) 

0.77 
1.34 
1.32 

1.47 
1.28 

1.38 
6 
1.26 

19.73 
1.63 
1 .51 
0.88 
1.16 
1.84 
1.57 
6 
1.43 

24.37 
1.49 
1.02 
1 .so 

4 I 0.50R 1.13 I 1.44 

6 ~ 1.005 I 1.21 1 1.51 
n: 

Mean: 0.83 1.13 1 1.41 
cv(%): ~ i NA 16.54 I 13.62 

R = Reproduction was the most sensitive endpoint. 
S = Survival was the most sensitive endpoint. 
Prepared by William Peltier, €PA, Region IV, Nowmber 28, 1990 (ICp Program, version 1.1 b). 
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n: 
Mean: 
cv(%): 

6 6 6 
0.80 0.91 1.24 

N A  20.53 15.17 

A-1 -1 1 

CUIIODAPHIYIA (Cedodaplina dWa) 
Seven-day Larval Reproduction Test interlaboratory Precision Data 

Table A-1-28 Interlaboratory precision of (Cefiodu hniu dubia) 

toxicant and sodium chloride (NaCI) as a reference toxicant. 
Tests were conducted in May 1987 [3]. 

reproduction test, using an industriai effluent as t f: e reference 
Table A-1-27. Interlaboratory precision of (Cerioduphnia dubia) 
reproduction test, using sodium chloride (NaCI) as the 
reference toxicant. The single lab precision data are presented 
in the preceding table [4]. 

Effluent 1 Reference Toxicant I 
Lab 

A 
B 
D 
E 
F 
I 
K 
M 
N 
0 

Mean: 
n: 

cv(%): 

ICs0 (%) 
6.20 
8.40 
7.69 
6.34 
4.00 
2.84 
6.89 
5.70 
7.43 

9 
6.1 7 
29 

0.04. 

A 
B 
C 
D c  
E 
F 

0.83 
0.83 
0.83 
0.71 
1 .oo 
0.50 

0.89 
1.04 
1.13 
0.76 
1 .oo 
0.63 

1.26 
1.43 
1.41 
1.09 
1.30 
0.95 

4.9 
6.2 
5.8 
5.0 
1.2 
1.9 
5.3 
1.9 
5.9 

.9 

67 

0.02. 

3.4 

38.8 1 30.8 
36.3 29.4 
36.6 I 28.0 

35.1 ’ 25.2 
18.4 ’ 13.2 
38.1 31 .O 
27.8 10.4 
35.1 27.3 

8.1. I 1.21. 

9 9 
32.8 1 24.1 
21 31 

‘Values were excluded from mean calculations because tnc, fell outside of 2 
standard deviations. For this reason, these values are conridered statistical 
outlien and, according to EPAs toxicity methods guidance [2] on reference 
toxicant control cham, are excluded. 

Table A-1-29. Results of the performance evaluation for contract laboratories conducted for the California Regional Water Quality 
Control Board. All tests were conducted using sodium chloride and testing Ceriodaphnia dubia in the 7day chronic 
tests (31. 

~ 

Lab 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Mean: 

X Young/ 
Control 

1 7-.80.202 
26.51.3 . 
24.90.21 
17.20.49 

14.80.90 
17.20.56 
16.80.21 
12.80.71 
31 S0.91 

i 9.80.42 

NOEC 
Endot 

Tap’ 
Hard W3 
D d  
Tap5 
H RW 

Surface6 
MHRW 
MHRW 
MHRW 
D d  

04;<24 
0-4 
0-6 
0-4 

0 4 ; 4 4  
0-6 
4-8 
<24 
0-4 
0-4 

~ 0 . 2 5  R 
1.0 R 

<0.25 R 
0.5 R 
0.5 R 
0.25 R 
0.25 R 
0.25 R 
0.50 R 
1.0 R 

(0.14-0.35) 
(0.78-1.7) 
(0.1 7-0.54) 
(0.35-1 .O) 
(0.20-1 . l )  
(0.66-1 .l) 
(0.24-0.64) 
(0.1 1-0.32) 
(0.56-0.81) 
(0.45-1 . l )  

YCTIAlgae 
TF/Algae 

Y CTI AI g a e 
YCT 
YCT 

Y CTI Alg ae 
YCTIAlgae 

YCT 
Y C T  

YATIAlgae 
0.76 
40 

’ Moderately hard tap water. ‘ DOK mponse curye limited. 
Hard well water. 
Ten percent diluted mineral water. ’ Dechlorinated Lake Ontario tap water. 
8-n reservoir water. 

R = Reproductive endpoint 

MHRW 
HRW 
ww 
YCT = Yeast-CZrophyl-Trout chow 
YAT 
TF = Trout food suspmsion 
Algae 

= Moderately hard reconstituted water 
= Hard reconstituted water 
= Well water 

- Yeast-Alfalfa-Trout chow 

= Seknastrum copricomutum 



CERIODAPHAIA (C8fiodaphnia dubia) (continued) 
Seven-day Larval Reproduction Test Interlaboratory Precision Data 

1 
2 
3 

. 4 
5 
6 
7 
8 

Table A-1-30. Interlaboratory precision data for Ceriodaphnia dubia summarized for 
eight materials, including reference toxicants and effluents [SI. 

Test Mean 
Material ~CSo cv% 

Sodium chloride 1.34 29.9 
Industrial 3.6 83.3 
Sodium chloride 0.96 57.4 
Pulp & Paper 60.0 28.3 
Potassium dichromate 35.8 30.8 

Potassium dichromate 53.2 25.9 
Industrial 69.8 37.0 

Pulp & Paper 70.2 7.5 

n: 
Mean: 

Standard Deviation: 

8 
37.5 
23.0 

SELENASTRUM CAPRICORNUTUM 
Growth Test 

Single Laboratory Precision Data 
. c. 

Table A-1-31. Single laboratory precision of (Selenasfrum 
capricomufum) growth test performed in using cadmium as 
the reference toxicant [2]. 

Mean 

- 1.00 
3.2 
0.90 

47.3 
23.4 
55.7 
29.3 
67.3 

lCZr 

Test 
Number 

(3% 
34.3 
78.1 
44.4 
27.0 
32.7 
12.2 
46.8 
36.7 
8 

39.0 
19.1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

n=10 
Mean: 
cv(%): 

2.3 
2.4 
2.3 
2.8 
2.6 
2.1 
2.1 
2.1 
2.6 
2.4 
2.7 
2.4 

2.37 
10.2 

Control Variation 
(%cv) 

4.8 
9.6 
5.5 

13.3 
4.4 
8.2 

14.4 
7.1 

11.9 
5.0 

36.4' 
77.8* 

8.42 
44.1 

'Outlier values are excluded from-mean because thy fell outside of a QA 

Note: Sodium chloride concentrations were 1, 2, 4, 8, and 16 g/l in all tests. 

Pfepafed by Or. Cwm(iur Weber, €PA. Cincirutti, OH, March 15, 1991. 

control table for these reference toxicants. 
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Table A-2-1. Percent mortality in 100 percent collected 1989 
by grab method (personal communication W. Peltier, EPA, 
Athens, CA). Results indicate variability over 24 hours and 
differences in species sensitivity over time. Tests were 
conducted according to methods described in Reference 6. 

Date 

3/07/89 
3/07/89 
3/08/89 
3/08/89 
3120189 
3120189 
3/21 I89 
312 1 I89 
611 9/89 

~~ 

Time 

1230 
1830 
0030 
0630 
1230 
1830 
0030 
0630 
1230 

6/19/89 1830 
6120189 0030 
6120189 0630 
7/25/89 1230 
7/25/89 1830 
7/26/89 . 0030 
7/26/89 0630 

9'0 Mortality in 100% Effluent 

0 85 
0 
0 
0 0 
0 
0 i 95 
0 i 70 
0 1 5  

0 I 100 
0 1 100 

0 40 

0 0 

0 j 100 
0 ! 55 

0 j 100 

C. dubia 

100 
100 
100 
80 

100 
100 
100. 
100 
100 
100 
100 
100 
100 
100 
100 
100 

[ Table A-2-2. LCsos for a P O W  effluent over 17 months. All 
' tests were conducted using Ceriodaphnia dubia and tests were 
' run for 48 hours. All tests were conducted according to the 

methods described in Reference 6. Dates with roman numeral 
inofation mean that more than one sample was collected at 
different times over a short interval (1 to 2 days). (Data 
source: [8].) 

Sample Date I 48 hours LCso (%) 
08123186-1 I 71 

71 
35 
65 

03lO9187-1 
05/02/87-1 
05/03/87-1 

71 05104187-1 
71 
71 

05123187-1 

61 
06127187-I 36 
06/27/87-11 i 41 

18 
09/22/87-1 71 
1211 8187-1 87 

01 /05/88-11 I 63 

i 
i 
j 

05/23/87-11 \ 

! 05/23/87-111 

1 06/27/87-111 

01 /05/88-1 I 68 

60.0 
31.1 
15 I Mean LCso : 

cv (To): 
n: 

Table A-2-3. LCsos for a P O W  effluent over 7 months. All 
tests were conducted using Ceriodaphnia 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 collected a t  
different times over a short interval (1 to 2 days). (Data 
source: [8].) 

Sample Date 1 48 hours LCso (%) 

10/06/87-1 
10/06/87-11 
10/06/87-111 
10/30/87-1 
12/03/87-1 
12/03/87-11 
01 /1 2188-1 
01 I 1  3/88-1 
02/03/88-1X 
02/03/88-X 
03/03/88-111 
03/03/88-lV 
03123188-1 
03/23/88-11 
04128188-1 
04/28/88-11 
0511 7188-1 
0511 7/88-11 

Mean LCm : 
CY (%): 
n: 

71 
71 
71 
87 
61 
35 
61 
58 
50 
50 
87 
81 
25 
35 
50 
55 
61 
35 
58.0 
31.4 
18 
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Table A-24. LCsos for a POW effluent over 12 months. 
Tests were conducted using either Ceriodaphnia dubia or 
fathead minnows or both. Ceriodaphnia tests were conducted 
for 48 hours while fathead minnow tests were 96 hours. Both 
the 48-hour and 96-hour fathead minnow results are shown in 
order to evaluate how the LCC& 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 a t  different times over a 
short interval (1 to 2 days). (Data source: [8].) 

87 
>loo 

85 
58 
41 

\ 
Table A-2-5. LCsos for a POTWeffluent over 4 months. 
Tests were conducted using either Ceriodaphnia dubia or 
fathead minnows or both. Ceriodaphnia tests were conducted 
for 48 hours while fathead minnow tests were 96 hours. Both 
the 48-hour and 96-hour fathead minnow results are shown in 

All tests were conducted according to the methods described 
order to evaluate how the LCsos for the two species compare. 

in Reference 6. Dates with roman numeral notation mean that 
more than one sample was collected a t  different times over a 
short interval (1 to 2 days). (Data source: [8].) 

53 
77 
51 

t - 
t - 

Sample Date 

03/16/88-1 
06/09/88-1 
09/08/88-1 
10/04/88-1 
10/04/88-11 
12/14/88-1 
12/14/8841 
02/17/89-1 
02/17/8941 
03/2.9/89-1 
03/2i/89-11 
Mean LCm: 

n: 
cv (%): 

85 
70 
70 

C. dubia 
48 hours 

56 
60 
60 

62 
18 
68 
61 
63 
70 
17 
35 
35 
35 
47 

46 
42 
11 

48 hours 

35 

> loo 

t - 

- 
t - 

58 
60 
61 
61 
81 
61 
59.6 
22.4 

7 

96 hours 

25 

> loo  

. - 
t - 
t - 

34 
41 
39 
37 
64 
40 
40.0 
29.7 

7 

Data not available. 

Note: Create than (>) values wem exduded from the mean LCso calculation. 

/ I 

Sample Date 

09/01 /88-1 
1 1 /15/88-1 
1 1 /16/88-1 
1 1 /30/88-11 
11 /30/88-111 
12/08/88-1 
12/08/88-11 
12/13/88-1 
12/13/8841 
01 /10/89-1 
01 /10/89-11 
01 /19/89-1 
01 /19/89-11 
01 /25/89-1 
01 /25/89-11 
01 /31/89-1 
01 /31/89-11 
Mean: 
cv (%): 
n: 

*Not obtained. 

C. dubia 
48 hours 

2.1 
92 
61 

>loo 
95 

100 
>too 
90 
87 
75 
61 

100 
87 

> loo 
95 
90 
63 
78.4 
33.1 
14 

75.8 1 61.3 
19.6 27.7 
12 1 14 

Note: Greater than (>) valuer were not induded in the mean LCso calculation. 
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Table A-2-6. NOECs for a POW effluent conducted 20 times 
over 1 year. All tests were conducted using Champia parvula 
according to methods described in Reference 1. All effluent 
samples were 24-hour composites collected post-chlorination. 
(personnal communication-Glen Thursby, SAIC, 
Narragansett, RI). 

Test Date 1 lCZs lCS0 

12/09 - 12/16/85 j 2.9 3( C) 

09/09 - 09/16/86 I 0 .69(~)  
11 t i  1 - i 111 8/86 0.66(~) j O.W(R) 

lCZr 

0.38 
0.65 

0.69 
0.41 
3.09 
2.16 
2.99 
3.59 
.44 
.47 
.24 
.11 

.07 

.17 

.73 

.a4 

NOEC 

1 .o 
3.2 

10.0 
3.2 

n: 

cv (%k I 52.8 
Mean: ! 'f.2 

% Effluent 

1.23 
0.76 
1 .so 
0.82 
4.12 
4.09 
4.33 
4.68 
4.76 
3.41 

3.20 
5.1 9 
3.02 
4.1 3 
3.62 

1.76 

3.1 

3.98 

1 .a9 

18 

46.8 

NOEC 

1.25 
1.25 
2.50 
1.25 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
7.50 
5.00 
5.00 
2.50 
7.50 
7.50 
1.25 
2.50 

4.2 
18 

NA 

Table A-2-7. NOECs for a POW effluent'over 1 year. All 
tests used Arbacia punctulata according to methods described 
in Reference 1. All effluent samples were 24-hour composites 
collected post-chlorination. (Data source: ERL-Narragansett, 
RI.) 

Test Date 

1 21091as 
1211 0185 
1211 1 /as 
1211 2/85 
1211 3/85 
1211 4/85 
1211 5/85 

0711 7/86 
0711 8/86 
0711 9/86 
07/20/86 

07/22/86 
09/09/86 

0911 2/86 
0911 3/86 
0911 4/86 
0911 5/86 
1111 1/86 

1 111 4/86 
1 111 5/86 
Mean: 
cv (%): 
n: 

0711 6/86 

07/21 186 

09/11/86 

11 11 3/86 

% Effluent 

1.09 
1.41 
0.75 

2.65 
1.11 
1.29 
0.1 7 
0.21 
0.63 
1.09 
0.54 
0.40 
0.40 
0.31 
0.47 
0.21 
3.30 
0.23 
0.10 
0.27 

3.28 

0.88 
0.82 
0.34 

j 
! 
I 

! 

i 
i 

i 
i 

I 

i 

I 
I 

1.71 

1.09 
4.06 
5.32 
1.60 

0.35 
0.46 

1.68 
1.13 
0.58 
0.56 
0.41 
0.79 
0.48 
5.42 
0.35 
0.1 5 
0.54 
1.48 
1.61 
0.56 

2.84 

1 .a4 

0.86 

0.91 1 1.49 
101.3 I 96.9 
24 ' 24 

NOEC 

0.65 
0.65 
0.65 
1.30 
2.50 
0.65 
0.65 

c0.30 
<0.30 
~ 0 . 3 0  
<0.30 
c0.30 
c0.30 
c0.30 
c0.30 
<0.60 
c0.20 

1.30 
c0.20 
c0.20 

1.30 
0.30 
0.60 

<O. 30 
0.95 

N A  
11 

Note: Less than (<) values were excluded from CV and mean NOEC calculations. 

~ 

R-Reproductive endpoint 

S-Survival endpoint 

G-Growth endpoint 

T 

& 
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Table A-2-9. NOECs for a POW effluent over 1 year. Al l  
tests used Menidia beryllina according to methods described 
in Reference 1. All effluent samples were 24-hour composites 
collected post-chlorination. (Data source: ERL-Narragansett, 
R I  .) 

Test Date 

12/09 - 1211 6/85 
0711 6 - 07/23/86 
09/09 - 0911 6/86 
11/11 - 11/18/86 
Mean: 
cv (%): 
n: 

% Effluent I 
~ ~~ 

IC, j IC= I NOEC 
15.4 21.3 10.0 
15.2 10.0 
14.2 
K 
14.9 20.8 10.0 
4.3 3.0 NA 
3 3 4 

6/11/86 82.0 

NC . Value is not calculable. 

- ! 24.7 

Table A-2-10. LCsos for a refinery effluent over 14 months. 
Tests were conducted using either Ceriodaphnia dubia or 
fathead minnows Pimephales promelas or both. Ceriodaphnia 
tests were conducted for 48 hours while fathead minnow tests 
were 96 hours. Both the 48-hour and 9€-hour fathead minnow 
results are shown in order to evaluate how the LCsos for the 
two species compare. All tests were conducted according to 
the methods described in Reference6. Dates with roman 
numeral notation mean that more than one sample was 
collected at different times over a short interval (1 to 2 
days). (Data source: [8].) 

P. promelas f M. bahia 
14.1 - 
7.1 i - 
- - 

14.1 1 -  
14.1 ~ - 

- 14.1 
14.1 
7.1 
7.1 24.0 

I - 
- 

Sample Date- 

12/01/87 1s 

/ 48 hours 

oi/o5/a8 1 35 
02109188-1 35 
02/09/88-1 35 
03/02/88-1 ' 17 
03/02/88-11 1 <12 

05/06/8a-i I 35 

07128188-1 37 
07128188-11 i 28 
09/29/88-1 41 
12/01/88-1 4 75 
12107/8a-i I 18 
01 127189-1 100 
01/27/89-11 71 

03124188-1 j 35 

07/14/88-1 j 55 
7- 

A 

38 
35 

61 
35 

- 

- 
- 
- 
25 
22 

Table A-2-11. LCsos for a refinery effluent conducted over 
months using fathead minnows (Pimephales promelas' 
Ceriodaphnia dubia, and mysids (Mysidopsis bahia), accordin 
to methods described in Reference 6. (Data source: Dorr 
1989.) 

I (% Effluent) LC50 
I 

Test Date j C. dubia P. promelas M. bahia 

1/24/86 - : 26.6 - 

11.3 20.5 
I 

Mean NOEC: 15.1 
CV (%): 1 59.6 , 1 31.9 I 29.8 
n: 11 10 3 - 

2/26/86 
3/05/86 
311 2/86 
311 9/86 
4/02/86 

4/23/86 

5/28/86 

4/09/86 
411 7/86 

511 4/86 

60 

Mean LCso: 43 45 
cv (%): 1 5 4  28 

03/23/89-1 I 58 54 

n: I 16 15 

65.0 1 24.5 

39.3 36.6 
66.5 ' 40.5 
65.4 1 32.8 
69.8 j 34.2 
71.2 ' 37.2 

- 
- - 50.9 I 

- 
- 
- 
- 
- 

71.8 1 35.9 38.0 
82.0 i 38.7 35.8 
65.4 1 22.0 1 -  

2s 
20 
24 
32 
10 

Table A-2-12. NOECs for a refinery effluent conducted over 6 
months using fathead minnows (Pimephales promelas), 
Ceriodaphnia dubia, and mysids (Mysidopsis bahia), according 
to methods described in References 1 and 2. (Data source: 
Dom, 1989.) 

Test Date 

1 /24/86 
2/26/86 
3 /OS 186 
311 2/86 
311 9/86 
4 IO 2 18 6 
4/09/86 

4/23/86 

5/28/86 

411 7/86 

511 4/86 

L 

C. dubia 
- 

10.1 
5.6 

10.1 
10.1 
18.0 
10.1 
10.1 
10.1 

24'o 13.4 I 31.7 14.1 
18.0 i 7.1 
31.7 - 

Note: Less than values excluded from mean LCso calculations. 
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Table A-2-13. - LCsos for a manufacturing effluent conducted over 2 
ears. All tests were conducted using Daphnia mo no according to 
methods desuibed in Reference 6. (Data source: [8f) 

Test Date 

~ ~ ~~ 

Test Date 

1982 (1 s t  quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
Mean L C ~ G  
cv (Yo): 
n: 

_ .  
c. 

~ 

LCSO 
(% Effluent) 

~~ 

LCSO 
(% Effluent) 

56 
90 
70 
69 
36 
36 
32 

< 18 
28 
67 

< 10 
46 
75 
78 
24 
26 
32 
19 
45.1 2 24.3 
53.9 
18 

1979 (1 s t  quarter) 

Note: Less than (c) valuer wne excluded frwn the mean LCso calculations. 

72.0 

Table A-2-14. LCsos for a manufacturing effluent conducted over 8 
years. All tests were conducted using Pimephales promebs according 
to methods described Uiiefemince 6. (Data source: [SI.) - 

1979 (1 s t  quarter) 
1979 (1 st quarter) 
1979 (3rd quarter) 
1981 (2nd quarter) 
1981 (4th quarter) 
1982 (2nd quarter) 
1982 (2nd quarter) 
1985 (1 s t  quarter) 
1985 (4th quarter) 
1986 (2nd quarter) 
1986 (2nd quarter) 
1986 (2nd quarter) 
I986 (3rd quarter) 
I986 (3rd quarter) 
1986 (3rd quarter) 
1986 (4th quarter) 
Mean LCSG 
cv (%): 
n: 

62.0 
52.0 
39.0 
64.0 
70.0 
44.0 
66.0 
59.6 

>100.0 
49.2 
63.8 
50.0 
75.7 
80.0 
79.0 
71 .O 

23.5 
17 

64.5 2 15.1 

Table A-2-15. LCsos for a manufacturing effluent conducted 
over 5 years. All tests were conducted using Pimephales 
promelas according to methods described in Reference 6. 
(Data source: [8].) 

~ ~~~~ 

Test Date 

1980 (1 st quarter) 
1980 (2nd quarter) 
1980 (3rd quarter) 
1980 (4th quarter) 
1981 (1 s t  quarter) 
1981 (2nd quarter) 
1981 (3rd quarter) 
1981 (4th quarter) 
1982 (1 s t  quarter) 
1982 (2nd quarter) 
1982 (3rd quarter) 
1982 (4th quarter) 
1983 (1 s t  quarter) 
1983 (2nd quarter) 
1983 (3rd quarter) 
1983 (4th quarter) 
1984 (1 s t  quarter) 
1984 (2nd quarter) 
1984 (3rd quarter) 
1984 (4th quarter) 
Mean LCm: 
cv (46): 
n: 

~ 

LCSO 
(YO 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 2 14.2 
47.9 
20 

Table A-2-16. K s o s  for a manufacturing effluent conducted 
over 5 years. All tests were conducted using Daphnia magna 
according to methods described in Reference 6. (Data source: 
[81J 

I LCSO 

1981 (2nd quarter) I 100.0 

1982 (3rd quarter) >100.0 

1984 (4th quarter) I 
1985 (1 st  quarter) I 

(YO Effluent) I 

I 
Test Date ! 

I >100.0 
I 

80.0 
75.0 

1986 (1 s t  quarter) 25.0 
1986 (2nd quarter) I 82.0 
1987 (1 s t  quarter) 75.0 
1987 (1 s t  quarter) 24.0 
1987 (1 s t  quarter) >100.0 
1987 (1 s t  auarter) >100.0 

1981 (3rd quarter) 

Mean LCm: 

nr 
cv (%): 

65.9 t 29.5 
44.8 
11 

Note: Greater than (>) values were excluded from the mean CC50 calculations. 

I 

Note: Greater than (>) values were excluded from the m a n  LCso calculations. 
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1986 (3rd quarter) 
Mean LCSo: 
cv (%): 
n: 

Table A-2-17. LCsos for a manufacturing effluent conducted 
over 7 years. All tests were conducted using Daphnia Pulex 
accordincr to methods described in Reference 6. (Data source: 

>100.0 
43.0 2 17.3 
40.2 
10 

L G l  I Test Date i (% Effluent) 

1982 (4th quarter) 
Mean LC* 
cv (%): 

1980 (1 s t  quarter) 
1980 (4th quarter) 
1981 (1 st quarter) 
1981 (1 st quarter) 
1981 (1 st  quarter) 
1981 (2nd quarter) 
1981 (3rd quarter) 
1982 (3rd quarter) 
1986 (3rd quarter) 

>100.0 
74.3 2 15.1 
20.3 

55.0 
33.0 
60.0 
24.0 

>100.0 
>100.0 
>lOO.O 
>100.0 
>100.0 

n: 12 
Note: Greater than (D) values were excluded from the m a n  LCso calculations. 

. -  
i 

! 

Table A-2-18. LCsos for a manufacturing effluent conducted 
over 3 months. All tests were conducted using Daphnia 
magna according to methods described in Reference 6. (Data 
source: [8].) . -I 

Test Date I FA 
LCSO I (% Effluent) I 

1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1982 (4th quarter) 

I >100..0 I 
I 81 .O 

57.0 
61 .O I 

I I 87.0 
~ 90.0 

90.0 I 
>100.0 
>100.0 

54.0 
74.0 

i 

~ 

i 
~ 

I 

Note: Greater than (>) values were excluded from the m a n  LCso calculations. p 
.i 
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Table A-3-1. Example of Acute-to-Chronic Ratios Table A-3-2. Examples of Acute-to-Chronic Ratios 
Chemical Manufacturers 

I 1 r e a n  ACR 

Range: 

Oil Refinery' 

Fathead 
Minnow 

1.89 
3.47 
2.60 
2.87 
2.33 
2.43 
5.26 
5.08 
2.74 
3.1 1 
5.1 

. r. 

3.3 

1.89-5.25 
11 

_- - - 

Ceriodaphnia 

9.09 
3.89 
6.58 
3.63 
6.91 
7.05 
7.1 1 
3.63 
2.59 
5.5 
4.4 

>10.0 ' 

> 7.1 
> 3.3 
> 2.0 
> 3.0 

2.8 
5.42 
5.3 

2.59->10.0 
13 

Mysids 

1 .sa 
1.49 
1.84 

1.64 
3 

1.49-1.84 

! Personal communication P. Dom. 

' Personal communication M.LC. Ramor and E. Benoletti (Sa0 Paulo, Brazil). 

Note: Greater than (>) values w e  excluded from mean calculations. 

Aean ACR: 

lange: 
1: 

Fathead 
Minnow 

0.1 7 
0.07 
8.4 
7.6 

>3.0 
3.9 

>3.0 
1.8 

Ceriodaphnia 

> 1.0 
> 1.0 

>10.0 
>50.0 
> 2.9 
> 1.4 

1.4 
1.4 
3.9 
2.8 

> 2.0 
> 4.0 

4.0 
1.4 
5.5 
1.8 

> 3.3 
> 3.3 
> 3.3 

1.4 
> 2.0 

5.5 
1.5 
1.4 
5.0 

>10.0 
> 2.0 
> 3.3 

3.1' 
14.0' 
4.3' 
2.5' 
1.8' 
5.5' 

-- 5.4' 
3.7 3.72 
6 20 
0.07 - 8.4 1.4 - >SO 

' Personal communication M.L.L.C. and E. Bettoletti (Sao Paulo, Brazll) 

' Greater than (r)  values were excluded from the mean calculation 

A-3-1 

E 



Table A-3-3. Example of Acute-to-Chronic Ratios 

Mean ACR: 
n: 
Range: 

POTWs 

Fathead 
Minnow 

2.9 
6.1 
1 .5 

13.0 

2.6 
9.3 

> 1.0 
> 3.0 

5.3 
3.3 
5.4 

> 3.0 
3.0 

1 .a 

4.9 

1.5 - 9.3 
11 

Ceriodap hnia 

1.4 
5.5 

> 1.0 
> 1.0 
> 1.0 

1.4 
2.0 
2.4 
3.0 
3.0 
5.5 
4.9 

> 2.0 

> 2.0 
> 1.0 
> 3.3 
> 2.0 

4.4 
16.1 

> 4.0 
> 3.3 

>10.0 
2.6 
5.7 

>10.0 
> 2.0 

1.4 
2.6 

> 3.3 

5.5 
1 .5 

> 3.3 
5.5 

1 .a 

> 8 . b  

2.8 

1 .a 

3.8' 
21 

1.4 - 16.1 

Greater than (>) values were excluded fmm mean calculations. 

11 

.E 

c 

A 
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CLEAN WATER ACT (33 UmSmCm 1251 SEQm) 

Statutory Authority for the Use of Toxicity Testing and Whole Effluent Toxicity 
limitations in NPDES Permits: 

Over the years, a developmental process has occurred regarding the use of biological techniques to assess 
effluent discharges and set permit limits. The acquisition of data and the development of new techniques has 
contributed to the refinement of toxicity testing methods, thus enabling EPA to more fully act in accordance 
with its mandates to implement statutory requirements relating to the attainment and maintenance of water 
qua Ii ty . 

Toxicity testing of Whole Effluents and Whole Effluent toxicity limitations in National Pollutant Discharge 
Elimination System (NPDES) permits are essential components in the control of the discharge of toxic 
pollutants to the nation's waters. The use of toxicity testing and Whole Effluent toxicity limitation in the 
NPDES program is clearly authorized by the Clean Water Act (CWA). 

Relevant provision of the CWA that provide the statutory authority for using toxicity testing and Whole 
Effluent toxicity limitations include the following: 

9 Section 101(a) sets forth not only the goal of restoring and maintaining the "chemical, physical, and 
biological integrity of the Nation's waters" (emphasis added), but also in Section lOl(a)(3) the 
national policy of prohibiting the "discharge of toxic Dollutants in toxic amounts" (emphasis added). 

As- d.efined at Section 502(15), biological monitoring means that "determination of the effects on 
aquatit-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 biological monitoring 
agd assessment methods, to establish and measure water quality criteria for toxic pollutants on bases 
other than pollutant by pollutant criteria. 

Section 303(c)(2)(6) states, "Nothing in this section shall be construed to limit or delav the use of 
effluent limitations or other Dermit conditions based on or involving biological monitoring or 
assessment methods ..." (emphasis added). 

Section 302(a) provides the authority to establish water quality-based effluent limitations on 
discharges that interfere with the attainment or maintenance of that water quality which shall assure 
protection of public health, public water supplies, and the protection and propagation of a balance 
population of shellfish, fish and wildlife, among other uses. The effluent limitations established 
must reasonably be expected to contribute to attainment or maintenance of such water quality. 

Under Section 301(b)(l)(C) and Section 402, all NPDES permits must comply with any more stringent 
limitations necessary to meet applicable water quality standards, whether numeric or narrative. 

CWA Section 308(a) and Section 402 provide authority to EPA or the Sate to require that NPDES 
permittees/applicants use biological monitoring methods and provide chemical, toxicity, and 
instream biological data when necessary for the establishment of effluent limits, the detection of 
violations, or the assurance of compliance with water quality standards. 

Section 510 provides the authority for states to adopt or enforce any standards or effluent limitations 
for the discharge of pollutants only on the condition that such limitations or standards are no les  
stringent than those in effect under the CWA. 
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bvetopm6nt of Water Ouaiity-BaMd 
Permit Umitations for TOXIC Pollutants: 
Natlonal Policy 

AGENCY: Environmental Protection 
Agency (EPA). 
ACTION: Notice. 

SUMMARY: EPA has issued a national 
policy statement entitled "Policy for the 
Development of Water Quality-Based 
Permit Limitations for Toxic Pollutants." 
This policy addresses the technical 
approach for assessing and controlling 
the discharge of toxic substances to the 
Nation's waters through the National 
Pollutant Discharge Elimination System 
(NPDES) permit program. 

Bruce Newton or Rick Brandes. Permits 
Division (EN-336). Office of Water 
Enforcement and Permits. U.S. ' 

Environmental Protection Agency. 
Washington. D.C. 2wBo. 4Zfj7UlO. 

FOR FURTHER INCORMATlON CONTACE .L 

E 



Federal Register / Vol. 49, No. 48 / Friday, March 9. 1984 / Notices 9817 

su-uv~wocrwrmon:Aathe 
water pollution control effocj i@h 
United States7progresses an- 
"traditional" pollutants (oxygen 
demanding and eutrophying materials) 
become sufficiently treated to protect 
water quality, attention is shifting 
towards pollutants that impact water 
quality through toxic effects. Compared 
with the traditional pollutants, 
regulation of toxic pollutants is 
considerably more difficult. The 
difficulties include (1) the great number 
of toxic chemicals that may potentially 
be discharged to receiving waters and 
the difficulties in their analysis: (2) the 
changes in the toxic effecta of a 
chemical resulting from reactions with 
the matrix of constituents in which it 
exists; and (3) the inability to predict the 
effects of exposure to combinations of 
chemicals. 

To overcome some of these problems, 
EPA and the States have begun to use 
aquatic toxicity tests and various human 
health assessment techniques to 
complement chemical analyses of 
effluents and receiving water samples. 
Because these techniques or their 
application to effluent testing are new, 
EPA and the States have been cautious 
in their use. Based on-Eg.A's evaluation 
of these techniques and the experiences 
of several States. EPA is now 
recommediq the use of biological 
techniques a s  a complement to 
chemical-specific analyszs to assess 
effluent dischargeaand express permit 
limitations. EPA tub hsued these 
recommendation8 through a statement 
of policy and is developing a technical 
guidance document to help implement 
1 he policy. 

The complete test of the nationa! 
policy statement follows: 
Policy for the Development of Water 
Quality-Bad Pennit Limitations for 
Toxic Pollutants 
Statemen: #2olicy 

To control pollutants 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 usean integrated strategy 
consisting of both biological-and . - 
chemical methods to address toxic and 
nonconventional pollutants from 
industrial and municipal sources. Where 
State standards contain numerical 
critena for toxic pollutants, National 
Pollutant Discharge Elimination System 
(NPDES] permits will contain limits as 
necessary to assure compliance with 
these standards. In addition to enforcing 

specific numerical criteria, EPA and the 
States will use biological techniques and 
available data on chemical effects to 
assess toxicity impacts and human 
health hazards based on the general 
standard of "no toxic materiels in toxic 
amounts." 

EPA. in its oversight role. will work 
with States to ensure that these 
techniques are used wherever 
appropriate. Under section 308 and 
section 402 of the Clean Water Act (the 
Act), EPA or the State may require 
NPDES permit applicants to provide 
chemical, toxicity, and instream 
biological data necessary to assure 
compliance with standards. Data 
requirements may be determined on a 
case-by-case basis in consultation with 
the State and the discharger. 

Where violations of water quality 
standards are identified or projected, 
the State will be expected to develop 
water quality-based effluent limits for 
inclusion in any issued permit. Where 
necessary, EPA will develop these limits 
in consultation with the State. Where 
there is a significant likelihood of toxic 
effects to biota in the receiving water, 
EPA and the States may impose permit 
limits on effluent toxicity and may 
require an NPDES permittee to conduct 
a toxicity reduction evaluation. Where 
toxic effects are present but there is a 
significant likelihood that compliance 
with technology-based requirements will 
sufficiently mitigate the effects, EPA and 
the States may require chemical and 
toxicity testing after installation of 
treatment and may reopen the permit to 
incorporate additional limitations if 
needed to meet water quality standards. 
(Toxicity data. which are considered 
"new information" in accordance with 
40 CFR 122.&?(a)(2). could constitute 
cause for permit modification where 
necessary.] 

Administrators will assure that each 
Region has the capability to condiict 
water quality assessments using both 
biological and chemical methods and 
provide technical assistance to the 
States. 
Background 

principal bases for effluent limitations. 
First. existing dischargers are required 
to meet technology-based effluent 
limitations that reflect the best controls 
available considering economic impacts. 
New source dischargers must meet the 
best demonstrated technology-based 
controls. Second where necessary, 
additional requirements are imposed to 
assure attainment and maintenance of 
water quality standards established by 
the States and approved oy EPA. In 

To carry out this policy, EPA Regional 

The Clean Water Act establishes two 

6-2-2 

establishing or reviewing NPDES permit 
limits, EPA must ensure that the limits 
will result in the attainment of water 
quality standards and protect 
designated water uses, including an 
adequate margin of safety. . 

For toxic and nonconventional 
pollutants it may be difficult in some 
situations to determine attainment or 
nonattainment of water quality 
standards and set appropriate limits 
because of complex chemical 
interactions which affect the fate and 
ultimate impact of toxic substances in 
the receiving water. In many cases. all 
potentially toxic pollutants cannot be 
identified by chemical methods. In such 
situations, it is more feasible to examine 
the whole effluent toxicity and instream 
impacts using biological methods rather 
than attempt to identify all toxic 
pollutants. determine the effects of each 
pollutant individually, and then attempt 
to assess their collective effect. 

The scientific basis for using 
biological techniques has advanced 
significantly in recent years. There is 
now a general consensus that an 
evaluation of effluent toxicity, when 
adequately related to instream 
conditions, can provide a valid 
indication of receiving system impacts. 
This information can be useful in 
developing regulatory requir- oments to 
protect aquatic life. especially when 
data from toxicity testing are analyzed 
in conjunction with chemical and 
ecological data. Generic human health 
effects methods. such as the Ames 
mutagenicity test. and structure-activity 
relationship techniques are showing 
promise and should be used to identify 
potential hazards. However, pollutant- 
specific techniques are the best way to 
evaluate and control hunian health 
hazards at this time. 

Biological testing of effluents is an 
important aspect of the water quality- 
based approach for controlling toxic 
pollutants. Effluent toxicity data in 
conjunction with other data can be used 
to establish control priorities, assess 
compliance with State water quality 
standards, and set permit limitations to 
achieve those standards. All States have 
water quality standards which include 
narrative statements prohibiting the 
discharge of toxic materials in toxic 
amounts. A few State standards have 
criteria more specific than narrative 
criteria (for example, numerical criteria 
for specific toxic pollutants or a toxicity 
criterion to achieve designated uses]. In 
States where numerical criteria are not 
specified. a judgment by the regulatory 
authority is required to set quantitative 
water quality-based limits on chemiCals 
and effluent toxicity to assure 
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compliance with water quality 
standards. 

Note.-Section 308 of the Act und 
corresponding State statutes authorize W A  
and the States to require of the owner/ 
operator any information reasonably required 
to determine permit limits and to determine 
compliance with standards or permit limits. 
Riological methods are specifically 
mentioned. Toxicity permit limits are 
authorized under Section 301 and a 2  rncl 
supported by Section 101. 

.Application. 
This policy applies to EPA and the 

States. The policy addresses the use of 
chemical and biological methods for 
assuring that effluent discharges are 
regulated in accordance with Federal 
and State requirements. This policy was 
prepared. in part. in response to 
concerns raised by litigants to the 
Consolidated Permit Regulations [see FH 
52079, November 18.19821. Use of these 
methods for developing water quality 
standards and trend monitoring are 
discussed elsewhere (see 48 FR 51400. 
November 8,1983 and Basic M'nfsr 
.%lonitoring Program EPA-I40/+7W25 I .  
This policy is part of EPAs  water 
quality-based control program and does 
not supersede other regulations. policy. 
and guidance regardlng.use 
attainability. site-specific criteria 
niodifica tion. wasteload allocation. and 
water quality management. 
Implementation - 

1 

State Role -t 
The control of toxic sulistanceu to 

protect water quality must be done in 
the context of the Federal-State 
partnership. EPA will work 
cooperatively with the States in 
identifying potential water quality 
standards violations. assembling 
relevant data. developing appropriate 
testing requirements. determining 
whether standards are being violated. 
and defining appropriate permit limits. 

Note.-Under sections 303 and 401 of the 
Act. States are given primary responsibility 
for developing water quality standards and 
limits to meet those standards. EPA's role is 
to review the State standards and limits and 
develop revised or additional standards or 
limits as needed to meet the requirements of 
the Act. 

Integration of Approaches 

appropriate for assessing water quality 
impacts depends on the type of effluent 
and discharge situation. EPA 
recommends that an integrated 
approach. including both biologicul and 
chemical techniques. be used to assess 
and control water quality. The principal 
advantages of chemical-specific 

!, 

The type of testing that is most 

techniques are that (1) chemical 
analyses are usually less expensive than 
biological measurements in simple 
cases: (2) treatment systems are more 
easily designed to meet chemical 
requirements than toxicity requirements: 
and (31 human health hazards and 
bioaccumulative pollutants can best be 
addressed at this time by chemical- 
specific analysis. The principal 
advantages of biological techniques are 
that (1) the effects of complex 
discharges of many known and 
unknown constituents can be measured 
only by biological analyses: (2) 
bioavailability of pollutants after 
discharge is best measured by toxicity 
testing: and (3) pollutants for which 
there are inadequate Lhemical analyticiil 
niethods or criteria can be addressed. 

Pollutant-specific chemical analysis 
techniques should be used where 
discharges contain few, well-quantified 
pullutants and the interactions and 
effects of the pollutants are known. In . 
addition. pollutant-specific techniques 
should be used where health hazards 
are a concern or bioaccumulation is 
suspected. Biological techniques should 
be used where effluents are complex or 
where the combined effects of multiple 
discharges are of concern. EPA 
recognizes that in many cases both 
types of analysis must be used. 
Testing Requirements 

Requirements for dischargers to 
collect information to assess attainment 
or nonattainment of State water quality 
standards will be imposed only in 
selected cases where the potential for 
nonat!ainment of water quality 
standards exists. Where water quality 
problems are suspected but there is a 
strong indication that complying with 
BCT/BAT will sufficiently mitigate the 
impacts. EPA recommends that 
applicable permits include testing 
requirements effective after BCT/BAT 
compliance and reopener clauses 
allowing reevaluation of the discharge. 

testing to be conducted by individual 
dischargers should be determined on a 
case-by-case basis. In making this 
determination. many factors must be 
considered including the degree of 
impact. the complexity and variability of 
the discharge, the water body type and 
hydrology. the potential for human 
health impact. the amount of existing 
data. the level of certainty desired in the 
water quality assessment, other sources 
of pollutants. and the ecology of the 
receiving water. The specific data 
needed to measure the effect that a 
discharger has on the'receiving water 
will vary according to these and other 
factors. 

The chemical. physical. and biological 

An assessment of water quality 
should. to the extent practicable. include 
other point and nonpoint sources of 
pollutants if the sources may be 
contributing to the impacts. Special 
attention should be focused on Publidy 
Owned Treatment Works (POTW's) 
with a significant contribution of 
industrial waste-water. Recent studies 
have indicated fhat such P O W ' S  are 
often significant sources of toxic 
materiuls. When developing monitoring 
requirements. interpreting data. and 
determining limitaiions. permit 
engineers should work closely with 
water quality staff :it both the State and 
Federal levels. 

A discharger may Ire required to 
provide data upon request under section 
308 of the Act. or such a requirement 
may be included in its NPDES permit. 
The development of a final assessment 
may require several iteriitions 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 

Chemica!. physical. end binlogical 
data will be used to determine whether 
after compliance with BCT/BAT 
requirrments. there will be violations of 
State water quality standards resulting 
from !he discharge(s). The narrative 
prohibition of toxic materials in toxic 
amounts contained in all State 
standards is the basis for this 
determination taking into account the 
designated use for the receiving water. 
For exnmple. discharges to waters 
classified for propagation of cold water 
fish should be evaluated in relation to 
acute and chronic effects on cold water 
organisms. potential spawning aretis. 
and effluent dispersion. 
Setting Permit Limitations 

Where violations of wa!er quality 
standards exist or are projected. the 
State and EPA will determine pollution 
control requirements that will attain the 
receiving water designated use. Where 
effluent toxicity is an appropriate 
control parameter. permit limits on  
effluent toxicitv should be deveioped. Io 
such cases. €PA may also ieauire a 
permittee to cmduct a toxicity reuuc!ion 
eva1u;ition. A toxicitv reduction 
evidiiiition is an investigation conaucted 
within a plant or municipal system to 
isolate the sources of effluent toxicity. 
specific causative pollutants if possible, 
and determine the effectiveness of 
pollution control options in reducing the 
effluent toxicity. If specific chemicals 
Rre idenlified as  the cause of the water ' 
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quality standuds violation, these 
bdividual po l lu tan~ should be limited. 
If a toxicity reduction evaluation 
demonstrates that limiting an indicator 
parameter will ensure attainment of the 
water quality-based effluent-micity 
requirement. limits on the indicator 
parameter should be considered in lieu 
of limits on effluent toxicity. Such 
indicator limits are not limits on 
causative pollutants but limits 
demonstrated to result in a specific 
toxicity reduction, . . - ,.. 
Monitoring- - - .  

Where pollution control requirements 
are expressed in terms of a chemical or 
toxicological parameter, compliance 
mcnitoring must include monitoring for 
that parameter. If an indicator 
parameter is used based on the results 
of a toxicity reduction evaluation. 
periodic toxicity testing may be required 
to confirm the adequacy of the indicator. 
Where biological data were used to 
develop a water quality assessment or 
where the potential for water quality 
standards violations exist, biological 
monitoring (including instream 
monitoring) may be required to ensure 
continuing compliance with water 
quality standards., . c. 

EPA believes that the intelligent 
application of an integrated strategy 
using both biological and chemical 
techniques for water qe l i t y  assessment 
will facilitate the development of 
appropriate con@ds and the attainment 
of water quality s t a n d a h .  EPA looks 
forward to working with the States in a 
spirit of cooperation to further refine 
these techniques. 

Policy signed February 3.1984 by Jack E 
Ravan. Assistant administrator for Water. 

Dated: February Iu. 1W. 
jack E Ravan. 
Asiistont .4iiministmtor fur Cl'cltcr. 
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MEMORANDUM 

.UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20460 

SUBJECT: New Regulations Governing Watar Quality-Based 
Program 

FROM : 

TO : 

ce of Water Enforcement 7 and Permits 

Water Management Division Directors 
Regions I - X 

OFFICE OF 
WATER 

On May 26, 1989 the Deputy Administrator signed regulations 
that imaement section 304(1) of the CWA. The regulations became 
effective upon his signature and were published in the Federal 
Regis-ter on June 2, 1989 (54 Fed. Req. 23868). This rulemaking 
also clarified and reinforced EPA's existing regulations 
governing water quality-based permitting. 
memo-dum is to describe the significance of these 
clarificafions to E P A ' s  baseline water quality-based permitting 
regulations. 

The purpose of this 

CHANGES TO 40 C.F.R. PART 122 

Section 122.44 covers the establishment of limitations, 
standards, and other pernit conditions in NPDES permits. 
Subsection (d) covers water quality standards and state 
requirements. 
the subsection was non-specific, requiring only that NPDES 
permits be issued with requirements more stringent than 
promulgated effluent guidelines as necessary to achieve water 
quality standards. We have strengthened considerably the 
requirements of $122.44(d). The new language is very specific 
and requires water quality-based permit limits for specific 
toxicants and whole effluent toxicity where necessary to achieve 
state water qual-ity-standards. The following is a section-by- 
section description of the new requirements. 

Prior to the promulgation of these new regulations 
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This new paragraph provides that all pollutants that cause, 
have the reasonable potential to cause, or contribute to an 
excursion above a water quality standard must be controlled to 
achieve all applicable water quality standards, including 
narrative water quality criteria. We added this paragraph so 
that our regulations would reflect EPA's approach to water 
quality-based permitting. 

2. $122.44(d)(l)(ii) 

Subparagraph (ii) of the new regulations requires the states 
to use valid procedures to determine whether a discharge causes, 
has the reasonable potential to cause, or contributes to an 
excursion above a water quality standard. These procedures must 
account for existing controls on point and nonpoint sources of 
pollution, the variability of the pollutant in the effluent, the 
sensitivity of the test species (when evaluating whole effluent 
toxicity), and where allowed by state water quality standards, 
the dilution of the effluent in the receiving water. The purpose 
of this new regulation is to require the states to use 
technically valid procedures when determining whether a discharge 
is exceeding a numeric or narrative water quality criterion. 
When the- pqmitting 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 %here the state has numeric water quality criteria; 
subparagraphs (v) and (vi) deal with a state's narrative water 
quaity criteria. 

3 .  $122.44(d)(l)(iii) 

This paragraph requires NPDES permits to include effluent 
limitations for every individual pollutant that causes, has the 
reasonable potential to cause, or contributes to an excursion 
above a numeric water quality criterion. Thus, when a state has 
adopted a water quality criterion for an individual pollutant and 
the state determines under subparagraph (ii) that an effluent 
limit is necessary, subparagraph (iii) requires an effluent limit 
for that individual pollutant. 

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 
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where a state has adopted a numeric criterion for whole effluent 
toxicity (e.g. a discharge must achieve an LC50 of 50% or 
higher). 

5. $122.44(d)(l)(v) 

When the state determines that a discharge exceeds a 
narrative water quality criterion, subparagraph (v) requires 
effluent limitations on whole effluent toxicity. If, however, 2 

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. 
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) 

It may be necessary for 

F -r 

.. E 
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 

pollutant: 2) use EPA's water quality criterion for the pollutant 
of concern: or 3) establish effluent limits on an indicator 
parameter. 

P 
options;.a state may: 1) calculate a numeric criterion for the -t 

- 
gy 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: 

- 
..L 

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, 7- 

including a finding that compliance with the limit will i 
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. 

53-3 
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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 statels narrative water quality criterion serves as the legal 
basis for establishing such effluent limits. 

7. $122.44(d)(l-)'(vii) 1 
Subparagraph (vii) requires that all water quality-based 

effluent limitations adhere to two fundamental principles: I) 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. . L 

CHANGES TO 40 C.F.R. PART 123 

We amended the permit objection regulations at 40 C.F.R. 
$123.44 to reflect the amendments to $122.44(d)(1). 
$123.44(~)(8) EPA may now object to a state-issued permit if the 
permit does not meet the requirements of $122.44(d)(l). Thus, if 
a state does not use technically sound procedures for evaluating 
the need for water quality-based effluent limitations then EPA 
may 0bje.c: to the permit. 
chemical-specific or whole effluent toxicity limitations in a 
permit-as required by paragraphs (iii) - (vi), then EPA may 
object to the permit. 
limitatiom is not derived according to the principles in 
subparagraph (vii) then EPA may object to the permit. 

Under 

P 
.L 

Also, if a state fails to include 

Finally, if a water quality based effluent 

- .- 

L 

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)(5)), 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, 

Regions on conducting state toxics control program reviews to 

not a state's regulations, policies, and technical guidance 
constitute an adequate program. 

Headquarters provided procedural and technical guidance to the 

assess the adequacy of state water quality-based control - 
programs. This guidance sets guidelines for assessing whether or -IL 

\ 

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. 
states do not issue permits consistent with Part 123, the Region 
must veto insufficient permits and work with the states to 

If the 
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I 
reissue the permits with water quality-based effluent limitations 
which achieve water quality standards. The specific requirements 
in §122.44(d) are structured in a way that implements E P A ' s  
Policy for the Development of Water Quality-Based Permit 
Limitations for Toxic Pollutants (49 Fed. Req. 9016 March 9, 
1984). 
surface water toxics control program to ensure that the state's 
regulations, policies and technical guidance result in the 
consistent and comprehensive development of NPDES permits which 
achieve the state's water quality standards. 
occur, each Region should work with the state to rectify the 
problem and, after these negotiations and where necessary, 
investigate the possibility of withdrawing the NPDES program. 

Second, Regions will need to look closely at each state's I 
Where this does not 

I hope these regulations will assist you in developing water E quality-based effluent limits and will support your efforts to 
implement surface water toxics control programs. If you have 
questions or need more information about these requirements, 
please contact Cynthia Dougherty at FTS 475-9545 or have your 
staff contact Rick Brandes at FTS 475-9537. 

cc: Perinits Branch Chiefs, Regions I - X 
Martha Prothro, OWRS 

t 

8-34 

c 



23868 Federal Register / VoL 54, No. 105 / Friday, June 2 1989 / Rules and Regulationa 

ENVIRONMENTAL PAOTECTIOIS 
AGENCY 

[ FRL-3557-6 1 

and Standards, (WH-553). U.S. 
Environmental Protection Agency, 401 M 
Street SW., Washington. DC 20460. (202) 
382-7056. The Public record for thin 
regulation is available at  the EPA 
library, M2904. US. Environmental 

40 CFR Parts 122,123 and 130 

Natlonal Pollutant Discharge 
Elimination System; Surface Water 
foxlcs Control Program 

AGENCY: Envimnmental Protection 
Agency. 
ACTION: Final Rule. 

Pmtection Agency, 401 M Street SW.. 
Washington, DC 20480. 

~~ 

SUMMARY: Today's action amends Parts 
122.123. and 130 of E P A s  regulations. 
The regulations clarify E P A s  surface 
water toxics control program. and 
incorporate section 308(a) of the Water 
Quality Act of 1987 into E P A s  toxics 
control program. Section 308(a) of the 
Water Quality Act added section 304(1) 
to the Clean Water Act (hereafter 
referred to as section 304(1)). Section 
~w( l )  requires the states to identify 
those waters that are adversely affected 
by toxic, conventional, and 
nonconventional pollutants. and 
requires the states to prepare individual 
control strategies that will con*ml point 
source discharges of toxic pollutants. 
The states must submit Qsts of watets 
and hdividual control strategies to EPA 
for review. and if EPA disapproves a 
state's decision with respect to a list or 
an individual control strategy, then EPA 
must implement the reqGiementn of 
section 304(1) in cwperation with the 
state. EPA and the states must 
accomplish the tasks in section 304(1) 
accordmg to an ambitious serieq of 
deadlines. Today's regulations will 
strengthen State and Federal controls . 

over discharges to toxic pollutants, and 
will assist P A  and the states in 
satisfying the requirements of section 
304(1) of the CWA 
EFFECTIVE DATE These regulations shall 
be effective on May 26.1969 at  1:OO p.m. 
Eastern Daylight Savings Time. In 
accordance with 40 CFR 23.2 EPA 
hereby specifies that these regulations 
shall be considered final agency action 
for purposes of judicial review at 1:OO 
p.m. Eastern Daylight Savings Time on 
May 20.1909. 

Paul Cocnor. Program Development 
Branch, Office of Water Enforcement 
and Permits, (Eii-1,36), U.S. 
Environmental Protection Agency, 401 M 
Street. SW.. Washington, DC 20460. 
(202) 475-9537, or Judith L e c h n e ,  
Assessment and Watershed Protection 
Division. Office of Water Regulations 

FOR FURTHER INFORMATION CONT'Am. 

X 

.E. 
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PART 1-A ADMINISTERED 
PERMITP3OGRAU% THE NATIONAL 
POLLUTANT DISCHARGE 
EUMlNATlON SYSEM 

continuer to read u follom: 
l. The authority dtation for Part 122 

Authority: n e  Clean Water AU 33 U S C  

2 Section I222 ir amended by adding 
in alphabetical order n new definitian M 
fOl'?WI: . 

* \  

# I &  DO". 

1251 8l S89. 

. . . . .  
Whole effluent toxicity meana the 

aggregate toxic effect of an effluent 
mearured diradiy by a toxidty test. 

3. Paragraph (d)(l) of Q 1224-1 is 
nvlred to mad as follows: 

PI2244 E.trblwllng~t!ocy 

(.PF--toS-HPOESprogrrny- 
5 1- 

8 h d u d r , n d o t h . r m c o n d l m  

. . . . .  
(d) 
(1) Achieve water quality rtandarda 

established under rection 303 of the 
CWA including State,narrative criteria 
for water quality. . 

(i) Limitations mwt  control aU 
pollutants or pollutant parameters 
(either conventional nonconventimat. 
or toxic pollutanta) 3cb- the  Director 
determines are ormay be discharged at 
a level which will cauae, have the 

. r  

reasonable potential to of 
contributa to an axcudon a h  my 
State water quality rtandatd, fncl- 
State narrative criteria for water quality. 

(ii) when &tarmining whether a 
dircharge causer. har the rearonable 
potential to awe. or contributer to an 
in-rtream excumion above a narrative or 
numeric criteria within a State water 
quality rtandard. the parmittins 
authority shall we procadurea which 
account for exirting controlr on point 
and nonpoint source8 of pollution. the 
variability of the pollutant or pollutant 
parameter in the effluent, the mmittvtty 
of the species to toxicity testing (whsn 
evaluating whole d u e n t  toxicity), and 
where appropriate. the dUution of the 
effluent in the receiving water. 

(iii) When the permitting authority 
. 

determiner. using the p m c e ~ 5 ~ ~ . i n  
paragraph (d)(l)(ii) of this rection, that a 
discharge causer. har the reasonable 
potential to came. or contributes to an 
in-stream excursion above the allowable 
ambient concentration of a State 
numeric criteria within a State water 
quality rtandard for an individual 
pollutant, the pennit murt contain 
effluent limits for that pollutant. 

(iv) When the permitting authority 
determiner. wing the pmcedunu in 
paragraph (d)(l)(ii) of thia ~ction,  that I 
discharge cauaer, has the reamtable 
potential to cawe. or contribute8 to an 
tn-rtream excumion above the numeric 
criterion for whole efnwnt toxicity. the 
permit mwt contain effluent Mta for 
whole effluent toxicity. 

(v) Except M provided in thia 
aubparagraph when the permitt@ 
authority determines. wing the 
p d u r e r  in paragraph (d)(l)(ii) of this 
rectlon. toxicity testing data, or other 
infonuation, that a discharge cawer. har 
the reasonable potential to cause. or 
conmbuter to an in-rtream excunion 
above a narrative criterion within an 
applicable State water quality s t a n d a d  
the permit mqst contain effluent limita 
for whole effluent toxidty. Limita on 
whole effluent toxicity are not neceuary 
where the permitting authority 
demonstrates in the fact sheet or 
statement of bask of the NPDES permit 
wing the procadurea in paragraph 

roecific limits for the effluent are 
(d)(l)(ii) of thia ~ ~ t i ~ a  that chamid- 

- - &~cient to attain and maintain 
applicable numeric and narrative State 
water quality 

a water quality critaricm for a @C 
chemical pollutant that Ir present in an 
effluent at  a concentration that QIUML 
haa the reamnable potential to came, or 
contributes to an sxcunion above a 
narrative criterion within an applicable 
State water quality standud the 

(vi) Where a State har not ertablhhed 
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permitting author& mort es tabbh 
afnuent Mta wiq one or more of the 

(A) Estabhh afnuent limfta uing a 
calculated numeric water quality 
criterion for the pollutant which the 
permitting authority demonstrates will 
attain and maintain applicable narrative 
water quality criteria and will fully 
protect the designated we. Such a 
criterion may be derived wing a 
proposed State criterion. or an explicit 
State policy or regulation interpreting its 
narrative water quality criterion, 
supplemented with other relevant 
infomtion which may include: EPAr 
Water Quality Standards Handbook, 
October 1983. rink amessment data. 
sxposure data, information about the 
pollutant h m  the Food and Drug 
Adminiatration, and current EPA criteria 
documents: or 

(E) Establish effluent h i t s  on a case- 
by-case basis. uaing EPAr water quality 
criteria. published under rection W ( a )  
of the CWA rupplemented where 
necessary by other relevant information; 
or 

(C) Establish efiluent limitations on an 
indicator parameter for the pollutant of 
concern, provided: 
(I) The permit identifier which 

pollutants are intended to be controlled 
by the me of the effluent limitation: 

(2) The fact sheet required by Q 124.58 
rete forth the bask for the limit, 
including a finding that compliance with 
the effluen! limit on the indicator 
parameter will d t  in controls 011 the 
pollutant of concern which are sufficient 
to attain and maintain applicable water 
quality Standards; I 

(3) The permit requires all effluent and 
ambieat monitoring necessary to show 
that during the term of the permit the 
limit on the indicator parameter 
continuer to attain and maintain 
applicable water quality standards: and 

(4) The permit con& a reopener 
claw allowing the permitting authority 
to modify or woke and rebrue the 
permit if the limita on the indicator 
parameter no longer attain and maintain 
applicable water quality rtandarda. 

(vii) When developing water quality- 
based effluent limits under this 
paragraph the permitting authority shall 
ennure that: 

.(A) The level of water quality to be 
achieved by limita on point rources 
es tabhhed under this paragraph k 
derived from. and complies with all 
applicable water quality rtandards: and 

(B) Effluent limits developed to 
protect a narrative water quality 
criterion, a numeric water quality 
criterion, or both are combtent with the 
~ r u m p t i o ~  and requiremanta of any 
available w a r t e l a d  allocation for the 

following Options: 

I 

I 

.L 

-- 
A 
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UNlTED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. 0.C 20460 
January 25, 1989 

OFFICE OF 
WATER 

MEMORANDUM 

ole Effluent Toxicity Basic Permitting Principles .and 
forcement Strategy 

SUBJECT: 

FROM : Assistant Administrator 
Office of Water 

TO : Regional Administrators 

Since the issuance of the "Policy for the Development of 
Water Quality-based Permit Limitations for Toxic Pollutants" in 
March of 1984, the Agency has been moving forward to provide 
technical documentation to support the integrated approach of 
using both chemical and biological methods to ensure the 
protection of water quality. The Technical Support Document for 
Water Quallty-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. 
document5, however, did not result in consistent approaches to 
permitting and enforcement of toxicity controls nationally. 
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. 

The Policy and supporting 

When 

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 

.. 

1L 

'I' 
.t 

c 

-i 



Water Enforcement and 
include sample permit 
scenarios. 

Permits. This expanded guidance will 
language and pedtting/enforcement 

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 integration of toxicity control into the existing National 
Pollutant Discharge Elimination System (NPDES) compliance and 
enforcement program. 
permitted community and the regulatory authority. 
describes our current efforts in compliance tracking and quality 
assurance of self-monitoring data from the permittees. It 
defines criteria for review and reporting of toxicity violations 
and describes the types of enforcement options available for the 
resolution of permit violations. 

The- Strategy-presents the Agency's position on 
' 

It delineates the responsibilities of the 
The Strategy 

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 
materialstare 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 conlrol of toxicity into the overall NPDES permitting 
prograiii.-' - .- 

I encourage you and your staff to discuss these documents 
and the 1984 Policy with your States to further their efforts in 
the implementation of EPA's toxics control initiative. 

If you have any questions on the attached materials, please 
contact James Elder, Director of the Office of Water Enforcement 
and Permits, at (FTS/202) 475-8488. 

Attachments 

cc: ASWIPCA 
Water Management Division Directors 
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BASIC PERMITTING PRINCIPLES FOR WHOLE EFFLUENT TOXICITY 

1. Permits must be protective of water quality. . .  

a. At a minimum, all major permits and minors of 
. concern must be evaluated for potential or known 

toxicity (chronic or acute if more limiting). 

. ' 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. 

b. Final whole effluent toxicity limits must be 

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. 

.. . v. 

, - .  

Permits contain generic re-opener clauses which 
are sufficient to provide permitting authorities 
the means to re-open, modify, or reissue the 
permi.t where necessary. 
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. 

Re-opener clauses covering 

If the permit includes provisions to increase 
monitoring frequency subsequent to a violation, it 
must be clear that the additional tests only deter- 
mine the continued compliance status with the limit; 
they are not to verify the original test results. 

I I '  

I 

I: 

'I 

d. Toxicity testing species and protocols will be 
accurately referenced/cited in the permit. 

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. 

3 .  

IL 

b. Permits can contain requirements for corrective 
actions, such as Toxicity Reduction Evaluations 
(TREs).,---but -corrective actions cannot be delayed 
pending EPA/State approval of a plan for the 
corrective actions, unless State regulations 
require prior approval. Automatic corrective 
actions subsequent to the effective date of a final 
whole-effluent toxicity limit will not be included 
in the permit. 

6 4 - 3  



B '  ATTACHMENT 1 

Explanation of the Basic Permitting Principles 

The Basic Permitting Principles present' the minimum 
acceptable requirements for whole-effluent toxicity permitting. 
They begin with a statement of the goal of whole-effluent 
toxicity limitations and requirements: the protection of water 
quality as established through State numeric and narrative Water * 
Quality Standards. The first principle builds on the Technical 
Support Document procedures and the draft Section 304(1) rule 
requirements' for determining porential to violate Water Quality 
Standards. 
whole-effluent toxicity based permits limits as are used to 
determine potential Water Quality Standards violations. It 
defines the universe of permittees that should be evaluated for 

possible whole-effluent limits, as all majors and minors of 
concern. 

-r 
It requires the same fartors be considered in setting 

potentral violation of Water Quality Stana-;ds, &-.d the-dfore .i 

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 limitatlons (i.e., Maximum Daily and 
Average Monthly limits as required by Section 122.45(d)). 

In addition, special re-opener clauses are generally not 
necessary, and may mistakenly imply that permits may be re-opened 
to revise whole-effluent limits that are violated. This is not 
to imdy-that special re-opener clauses are never appropriate. 
They-aay be appropriate in permits issued to facilities that 
currently-have no known potential to violate a Water Quality 
Standard: in these cases, the permitting authority may wish to 
stress its authority to re-open the permit to add a whole- 
effluent limit in the event monitoring detects toxicity. 

r 
.& 

Several permittees have mistakenly proposed to conduct 
additional monitoring subsequent to a violation to "verify" their 
results. It is not possible to verify results with a subsequent 
test whether a new sample or a split-sample which has been stored 
(and therefore contains fewer volatiles) is used. For this 
reason, any additional monitoring required in response to a 
violation must be clearly identified as establishing continuing 
compliance status, not verification of the original violation. 

1 
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., .. The second principle also deals with the specification of 
i 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 I 

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. .I 

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 nece-ssary to comply with water quality- 
based whole effluent toxicity limitations pending Agency review 
and approval of voluminous reports or plans. Any delay on the 
part of the permittee or its contractors/agents is the 
responsibility of the permittee. 

The final principle was written in recognition of the fact 
that a full-blown TRE may.not be necessary to return a permittee 
to compliance in all cases, particularly subsequent to an initial 
TRE. As a permittee gains experience and knowledge of the 
operational influences on toxicity, TREs will become less 
important in the day to day control of toxicity and will only be 
required. when necessary on a case-specific basis. 

' ?. 
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s Control x The -e -0~nforcement Stratear fox 

sets forth the Agency's strategy for tracking 
compliance with and enforcing whole-effluent toxicity'monitoring 
requirements, limitations, schedules and reporting requirements. 

pennittees and permitting authorities to protect water quality 
through the control.of whole-effluent toxicity. 
criteria for the review of compliance data and the quarterly 
reporting of violations to Headquarters 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::delineates the respective responsibilities of 

It establishes 

.I: 

. The' Strategy also addresses the concern many pennittees 
share as they face the prospect of new requirements in their 
permit - the fear of indiscriminate penalty assessment for 
with.pel;mittees 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 M alternative to existing procedures for establishing 
relief *om State Water Quality Standards. The Strategy focuses 
on the--responsibility of the Agency and authorized States to 
require mmpliance with Water Quality Standards and thereby 
ensure protection of existing water resources. 

violations that they are unable to control. The Strategy r 
recognizes enforcement discretion as a means of dealing fairly L 
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. COMPLIANCE MONITORING AND ENFORCEMENT 
FOR TOXICS CONTROL 

01/19/89 

STRATEGY 

I. Background 

Issuance of NPDES permits now emphasizes the control of toxic 
pollutants, by integrating technology and water quality-based 
permit limitations, best management practices for toxic discharges, 
sludge requirements, and revisions to the pretreatment implementa- 
tion requirements. These requirements affect all major permittees 
and those minor permittees whose discharges may contribute to 
impairment of the designated use for the receiving stream. The 
goal of permitting is to eliminate toxicity in receiving waters 
that results from industrial and municipal discharges. 

Major industrial and municipal permits will routinely contain 
water quality-based limits for toric pollutants and in many cases 
whole effluent toxicity derived from numerical and narrative 
water quality standards. The quality standards to establish NPDES 

a 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 Toxic8 Control, EPA #440/44-85032 8 September, 1985 and the 
Permit Writer's Guide to Water Quality-based Permittinq for Toxic 
Pollutants, Office of Water, May, 1987, provide guidance for inter- 
pretinqnumarical and narrative standards and developing permit 
linrits-. : - 

The Water Quality Act ( W Q A )  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 
toxics. The WQA established deadlines, for individual control 
strategies (February 4, 1989) and for compliance with the toxic 
control permit requirements (February 4, 1992). This Strategy 
will support the additional compliance monitoring, tracking, evalu- 
ation, and enforcement of the whole effluent toxicity controls 
that will be needed to meet the requirements of the WQA and EPA's 
policy for water quality-based perdtting. 

permit toxicity limits and conditions through compliance inspec- 
tions, compliance reviews, and enforcement. Water quality-based 
limits may-include both chemical specific and whole effluent toxi- 
city limits. Previous enforcement guidance (e.g., Enforcement 
Management System for the National Pollutant Discharge Elimination 
System, September, 1986: National Guidance for Oversight of NPDES 
Programs, May, 1987: Guidance for Preparatipn of Quarterly and 
Semi-Annual Noncompliance Reports, March, 1986) has dealt with 

It is the goal of the Strategy to assure compliance with 

I 
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chemical-specific water quality-based limits. 
focus on whole effluent toxicity limits. 
appear in permits, administrative orders, or judicial orders. 

This Strategy will 
Such toxicity limits may 

11. Strategy Principles 

This strategy is based on four principles: . 
1) Permittees are responsible for attaining, monitoring, 

and maintaining permi't compliance and for the quality 
of their data. 

* 

2 )  Regulators will evaluate self-monitoring data quality 
to ensure program integrity. 

I 

3 )  Regulators will assess compliance through inspections, 
audits, discharger data reviews, and other independent 
monitoring or review activities. 

Regulators will enforce effluent limits and compliance 
schedules to eliminate toxicity. 

4)  

111. Primary Implementation Activities i 
.. 

In o>der to implement this Strategy fully, the following 
activities are being initiated: 

AI -mediate development 
c .- 

-1. The NPDES Compliance Inspection Manual was 
revised ir. May 1988 to include procedures for 
performing chionic 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. *e 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. Compl-iance review factors (e.g., Technical 
Review Criteria and significant noncompliance 
definitions) are being proposed to evaluate 
violations and appropriate response. 

k 

4. A Quality Assurance Fact Sheet has been developed 
(Attached) to review the quality of toxicity test I 
results submitted by permittees. 
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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 and 
Compliance Monitoring (OECM), special remedies and model forms 
will be developed to address violations of toxicity permit 
limits (i.e., model consent decrees, model complaints, revised 
penalty policy, model litigation reports, etc.) 

- 

IV. Scope and Implementation of Strategy 

a A. Compliance Tracking and Review 

. .. r. 1. Compliance Tracking 

- The Permits Compliance System (PCS) will be 
used as the primary system for tracking limits and - -monitoring compliance with the conditions in NPDES 

.- ~ permits. Many new codes for toxicity testing have 
already been entered into PCS. During FY 89, head- 
quarters will provide additional guidance to Regions 
and States on PCS coding to update existing documenta- 
tion. The Water Enforcement Data Base (WENDB) 
requirements as described in the PCS Policy Statement 
already require States and Regions to begin 
incorporating toxicity limits and monitoring information 
into PCS. 

In addition to guidance on the use of PCS, 
Headquarters has prepared guidance in the form 
of Basic Permitting Principles for Regions and 
States that will provide greater uniformity 
nationally on approaches to toxicity permitting. 
One of the major problems in the tracking and 
enforcement of toxicity limits is that they differ 
greatly- -f.rom- State-to-State. and Region-to-Region . 
The Permits Division and Enforcement Division in 
cooperation with the PCS Steering Committee will 
establish standard codes for permit limits and 
procedures for reporting toxicity results based on 
this guidance. 
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Whole effluent toxicity self-monitoring data 
ahould undergo an appropriate quality review. (See 
attached checklist for suggested toxicity review 
factors.) All violations of permit limits for 
toxics 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 

In terms of the Enforcement Management Syrtem (EMS), 
any whole effluent violation will have a violation 
review action criterion (VRAC) of 1.0. However, the 
appropriate initial enforcement response may be to 
require additional monitoring and then rapidly 
escalate the response to formal enforcement if the 
noncompliance persists. Where whole effluent 
toxicity is based on a pass-fail permit limitation, 
any failure should be immediately targeted for 
compliance inspection. In some instances, assessment 

. of the compliance status will be required through 
issuance of Section 308 letters and 309(a) orders to 

- require further toxicity testing. 

should receive an immediate professional review. ‘I: 

- - Monitoring data which is aubmitted to fulfill 
. a-toxicity monitoring requirement in permits that do - -  

not contain an independently enforceable whole-effluent - 
toxicity limitation should also receive immediate L 
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. 

L 

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 T 

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. r 
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\!j- . 1. Regional/State Capability 

Due to 

The EPA's 'Policy for the Development of Water 
Quality-based Permit Limits for Toxic Pollutants" 
(March 9, 1984 Federal Register) states that EPA 
Regional Administrators will assure that each 
Region has the full capability to conduct water 
quality assessments using both biological and chemi- 
cal methods and provide technical assistance to the 
States. Such capability should also be maintained 
for compliance biomonitoring inspections and toxics 
sampling inspections. This capability should include 
both inspection and laboratory capability. 

2. Use of Nonsampling Inspections 

Nonsampling inspections as either compliance 
evaluations (CEIs) or performance audits (PAIS) can 
be used to assess permittee self-monitoring data 
involving whole effluent toxicity limits, TREs, and 
for prioritization of sampling inspections.* Ae 
resources permit, PAIs should be used to verify 
biomonitoring capabilities of permittees and 
contractors that provide toxicity testing self- 

' =monitoring data. 

3. Quality Assurance 

A l l  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. 
must be available for examination. The plan should 
include methods and procedures for toxicity testing 
and chemical analysis: collection, culture, mainte- 
nance, and disease control procedures for test 
organisms: and quality assurance practices. The 

Quality assurance plans 

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. 
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- permittee should also have available quality control 
charts, calibration records, raw test data, and 
culture records. 

In conjunction with the QA plans, EPA will 
evaluate permittee laboratory performance on EPA 
and/or State approved methods. This evaluation is 
an essential part of the laboratory audit process. 
EPA will rely on inspections and other quality 
assurance measures to maintain data quality. 
States may prefer to implement a laboratory certifi- 
cation program consistent with their regulatory 
authorities. 
bility will need to be established for each test 
condition (acute/chroni-cr), species-by-species. 

However, 

i: Predetermined limits of data accepta- 

X 

C. Toxicity Reduction Evaluations (TREs) 

TREs are systematic investigations required of permittees 
which combine whole effluent and/or chemical specific testing 
for toxicity identification and characterization in a planned 
sequence to expeditiously locate the source(.s) of toxicity and 
evaluate the effectiveness of pollution control actions and/or 
inplant modifications toward attaining compliance with a permit 
limit. The requirement for a TRE is usually based on a 
finding of whole effluent toxicity as defined in the permit. 
A plan with an implementation schedule is then developed to 
achieve compliance. Investigative approaches include 
causative - agent identification and toxicity treatability. 

r 

I 

1. Requiring TRE Plans 

TRE's can be triggered: 1) whenever there is a 
violation of a toxicity limit that prompts enforcement 
action or 2) from a permit condition that calls for a 
toxicity elimination plan within a specified time 
whenever toxicity is found. The enforcement action 
such as a 309(a) administrative order or State 
equivalent, or judicial action then directs the 
permittee to take prescribed steps according to a 
compliance schedule to eliminate the toxicity. This 
schedule should be incorporated into the permit, an 
administrative order, or judicial order and compliance 
with the schedule should be tracked through PCS. 

2. Compliance Determination Followup 

Compliance status must be assessed following the 
accomplishment of a TRE plan using the most effi- 
cient and effective methods available. These methods 
include site visits, self-monitoring, and inspections. 
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, .  Careful attention to quality assurqnce will assist in 
minimizing the regulatory burden. 
compliance assessment should be determined on a 
case-by-case basis. 

The method of 

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: I) "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. 

A l l  QNCR-reportable permit effluent violations 
are considered significant noncompliance (SNC). 

b. Schedule Violations 

Compliance schedules to meet new toxic controls 
should be expeditious. Milestones should be 
established to evaluate progress routinely and 
minimize delays. These milestones should be 
tracked and any slippage of 90 days or more 
must be reported on the QNCR. 
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The following milestones are considered SNC when 
90 days or more overdue: submit plan/schedule 
to conduct T U ,  initiate TRE, submit test results, 
submit implementation plan/schedule (if appro- 
priate), start construction, end construction, 
and attain compliance with permit. 

I 
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. 

It 

r 
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, 

listed on the Exceptions List. 

c 

after two or more quarters the facility must be A 

Approaches to Enforcement of Effluent Limitations 

In the case of noncompliance with whole effluent 
toxicity limitations, any formal enforcement action 
will be tailored to the specific violation and remedial 
actions required. In some instances, a Toxicity 
Reduction Evaluation (TRE) may be appropriate. However, 
where directly enforceable toxicity-based limits are 
used, the TRE is not an acceptable enforcement response 
to toxicity noncompliance if it requires only additional 
monitoring without a requirement to determine appropriate 
.remedial-actions and ultimately compliance with the 
limit. 

T 

L 

- 

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 SChed,ule, and an 
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administrative penalty should be considered.1 
.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. 
where toxicity has been measured in areas with potential 
impacts on human health (e.g., public water supplies, 
fishlshellfish 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 instances 

In a few highly unusual cases where the permit- 
tee has implemented an exhaustive TRE plan2, applied 
appropriate influent and effluent controls3, maintained 
continued compliance with all other effluent limits, 
compliance schedules, monitoring, and other permit 
requirements, but is still unable to attain or maintain 
compliance with the toxicity-based limits, special 
technical evaluation may be warranted and civil penalty 
relief granted. Solutions in these cases could be 
pursued jointly with expertise from EPA and/or the 
States as well as the permittee. 

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 

* 
Some permittees may be required to perform a 

- 

lFederal Administrative penalty orders must be linked to violations 
of underlying permit requirements and schedules. 

2See Methods for Aquatic Toxicity Identification Evaluations I 
Phase I, Toxicity Characterization Procedures, EPA-600/3-88/035, 
Table 1. An exhaustive TRE plan covers three areas: causative 
agent identification/toxicity treatability: influent/effluent 
control; and attainment of continued compliance. A listing of 
EPA protocols for TREs can be found in Section V (pages 11 and 
12). 

3For industrial permittees, the facility must be well-operated 
to achieve all- water quali-ty-based, chemical specific, or BAT 
limits, exhibit proper 0 C M and effective BMPs, and control 
toxics through appropriate chemical substitution and treatment. 
For POW permittees, the facility must be well-operated to 
achieve all water quality-based, chemical specific, or secondary 
limits as appropriate, adequately implement its approved pretreat- 
ment program, develop local limits to control toxicity, and 
implement additional treatment. 
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sustained compliance ( 6  months or greater in duration) 
indicating a different problem from' that addressed 
in the initial TRE. 

3 .  Enforcement of Compliance Schedule and Reporting 
Requirements 

In a number of instances, the primary 
requirements in the permits to address toxicity 
.will be schedules for adoption and implementation 
of biomonitoring plans, or submission of reports 
verifying TREs or other similar reporting require- 
ments. Regions and States should consider any 
failure (1) to conduct self-monitoring according 
to EPA and State requirements, (2) to meet TRE 
schedules within 90 days, or (3) to submit reports 
within 30 days of the specified deadline as SNC. 
Such violations should receive equivalent enforce- 
ment follow-up as outlined above. 

4. Use of Administrative Orders With Penalties 

In addition to the formal enforcement actions 
. =to require remedial actions, Regions and States 

should presume that penalty AO's or State equiva- 
lents can be issued for underlying permit violations 
in which a formal enforcement action is appropriate. 
-Headquarters will also provide Regions and States 
with guidance and examples as to how the current 
eWA penalty policy can be adjusted. 

5. Enforcement Models and Special Remedies 

OWEP and OECM wilLdevelop standard pleadings 
and language for remedial activities and compliance 
milestones to assist Regions and States in addres- 
sing violations of toxicity or water quality-based 
permit limits. Products will include model litiga- 
tion reports, model complaints and consent decrees, 
and revised penalty.policy or penalty algorithm 
and should be completed in early FY 1989. I 
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V. Summary of Principal Activities and Products 
.. 

A. Compliance Tracking and Review guidance 

1. PCS Coding Guidance - May, 1987; revision 
2nd Quarter 1989 

2. Review Criteria for Self-monitoring Data (draft 
attached ) 

B e  Inspections and Quality Assurance 

1. Revised NPDES Compliance Inspection Manual - 
May 1988- 

2. Quality Assurance Guidance.- 3rd Quarter Fy 1989. 

3. Biomonitoring Inspection Training Module - 
August 1988. 

4. Additions of a reference toxicant to DMRQA program - 
(to be determined) 

C.. Toxics Enforcement 

1. Administrative and Civil Penalty Guidance - 4th 

2. Model Fleadings and Complaints - 2nd Quarter 1989 
3. EMS Revision - 2nd Quarter FY 1989 

Quarter E'Y 1989 - - 
- 

D. Permitting Consistency 

1. Basic Permitting Principles - 2nd Quarter FY 1989 
E. Tbxicity Reduction Evaluations 

1. Generalized Methology for Conducting Industrial 
Toxicity Reduction Evaluations - 2nd Quarter 
E'Y 1989 

x 

T' 
,k 

2. Toxicity Reduction Evaluation Protocol for 
Municipal Wastewater Treatment Plants - 2nd Quarter 
FY 1989 
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3. Methods for Aquatic Toxicity Indentification 
Evaiua t ionle 

a. Phase 1. Toxicity Characterization 
Procedures, EPA-600/3-88[Q34- 
September 1988 

b. Phase 11. Toxicity Identification 
Procedures, EPA-600/ 3 4 8 1  o 3 5- 
2nd Quarter 1989 

C. Phase IIX. Toxicity Confirmation Procedures- 
EPA-600/3 - 88/036 - 2nd Quarter 
N 1989. i 
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Attachment 

Quality Control Fact Sheet for Self-Biomonitoring 
Acute/Chronic Toxicity Test Data 

Permit No. 

Facility Name 

Facility Location 

Laboratory Investigator 

Permit Reauiremenu 
- 

Sampling Location Type of Sample 

Limit Test Duration 

Type of Test Test Organism Age 

Test Resulu 

LCSO/ECSO/NOEC/ICx 95 Percent Confidence Interval 

Qualitv Cdntrol- Summaw 

Date of Sample 

Control Mo'itality % Control Mean Dry Weight 

Temperature-maintained within I t t 'C of test temperature? Yes No 

Dates of Test 

Dissolved oxygen levels always greater than 40 percent saturation? Yes 

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 (Le., more deaths occur at the highest effluent concentrations)? Yes 
No 

No 

x 
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- CASE SUMMARY 

I Reso- Defme Council. Inc. v. FPb, 859 F.2d 156 (D.C. Cit. 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. 

0 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 "pollutant" in section 
502(6)) authorizes the use of toxicity to regulate effluents. 
Industry asked the Court to address several other issues related to setting toxicity limitations (whether 
EPA failed to demonstrate the existence of a reliable methodolagy 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. 

0 The Court disagreed with industry's assertions that EPA's 1984 policy statement ("Development of 
Water Quality-Based Permit Limitations for Toxic Pollutants: National Policy," 49 Federal Register 
901 6 [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 
rukmakng regarding 40 CFR 125.3(c)(4), which was pending between 1980 and 1984, did not limit 
Agency information gathering to the issuance of new or revised notices of proposed rulemaking, and 
the two documents did not have independent legal value. (In other words, the EPA national policy 
and the TSD were not binding norms but general statements of policy/guidance.) 

Indumfalso challenged EPA's refusal to provide an affirmative upset defense to noncompliance with 
water quality-based limits.. The Court indicated that the CWA does not expressly allow such an upset 
defense, and, upon considering the Act's structure and legislative history, it could discem no 
congressional intent to provide for the defense in water quality permitting. Significantly, in 
reaching this position, the Court relied heavily upon the language and legislative history of CWA 
Section 301 (b)(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 EPA had acted arbitrarily in 
dismissing the defense as impracticable, and directed EPA to conduct further proceedings on the issue. 
Finally, the Court rejected challenges to EPA's regulations governing State public participation 
requirements and penalty levels. In deciding these issues, the Court noted Congressional desire for 
nationally uniform effluent limitations as reflected in the legislative history of the 1972 CWA. The 
Court stated: 

Uniformity is indeed a recurrent theme in the Act, a direct manifestation of concem 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 a t  
174 [footnotes omitted] and see accompanying footnotes 17-20 citing various provisions of the 
legislative history of the 1972 CWA). 
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AMBIENT TOXICITY TESTING AND DATA ANALYSIS 
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Ambient Toxicity .Analysis 

Ambient toxicity testing procedures are useful where measurement of toxicity levels after discharge is important 
in the assessment of toxic effluent impact. This is particularly true where impact is caused by the presence of 
multiple point sources. The purpose of this testing is to provide an analysis of toxicity levels instream from 
whatever sources 'of toxicity are affecting the receiving water. 

:r 

~ 

Procedures 

The basic ambient toxicity testing procedure is to expose test organisms to receiving water samples taken from 
selected sampling stations above, at, and below the discharge point(s). Since effluent concentrations after 
discharge are often relatively low, chronic toxicity testr should be conducted so that the tests are sensitive 
enough for the purpose. 

The methods available for chronic testing of sufficiently short duration are limited. Two organisms for which 
short-term chronic toxicity tests are available are Pimephales promelas and Ceriodaphnia sp. 

The following procedures are used: 

,L 

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 rehewal testing method to expose test organisms to the daily samples collected a t  each station. 
Use an appropriate number of replicates (10 for Ceriodaphnia) for each sampling station. No dilution 
series is required where screening is the primary goal. 

ConductJesting 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 pattem of ambient toxicity can be observed. 

I 
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Table C-1. Yo- Production and Percent Survival of Cedodaphnk in Ambient 
: .-Toxicity Tests at Ottawa River, Uma, Ohio 

River Young Final Daily Surv ival I 

Station Station Description Mile Female SD Survival 1 . 2 3 4 5 6 7 . 8  
I 

1 
2 
3 
3 A  

38 
4 
4 A  
5 
6 
7 

' 8  
8A 
9 

- -  
Above Lima . 46.0 
Above SI+- 37.7 
Bel& STP 37.4 

STP and refinery 37.3 
Midway between 

Above refinery 37.1 
Above chemical plant 36.9 
Below chemical plant 36.3 
Shawnee Bridge 36.4 
Route 1 1  7 32.5 
Allentown 28.8 
Rimer 16.0 
"loonie" Station 8.0 
Kalida 1 .o 

-15.5 8.0 
14.1 2.1 

0 -  

0 -  
0.4 - 
7.5 3.6 

11.1 4.6 
5.7 4.0 

-12.6 3.8 
16.8 6.1 
17.4 9.5 
25.0 3.3 
25.6 5 3  

90 100 100 100 90 

0 100 100 lo 0 

0 100 100- 10- 0 
0 9 0 9 0 4 0  0 
10 100 100 100 100 
30 100 100 100 100 
0 9 0 9 0 9 0 9 0  
10 100 100 100 100 
100 100 100 100 100 
1 00 9 0 9 0 9 0 9 0  
100 100 100 100 100 
100 100 100 100 100 

- -  0 100 100 100 100 

I 
9 0 9 0 9 0  I 
90 10 
0 0  

0 0 0 .  
0 0  0 

i 

I I 100 50 10 , 
100 40 30 I 
9 0 6 0  0 
100 100 10 

9 0 8 0  80 
100 100 100 1 

100 100 100 I 
100 100 100 : 'W 

65 45 32 16 0 
R i r  Kilomaen 

Figure C-1. Ceridaphnk Young Production in Water from Various Stream 
Stations on the Ottawa River, Lima, Ohio 
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Selecting Sampling Stations 

The selection of sampling stations is determined by the characteristics of the site. When determining stations, 
consider the following factors: 

0 Mixing and flow-The mixing characteristics of the discharge site are useful to determine the 
placement of sampling stations. Knowledge of '  concentration isopleths allows the regulatory 
authority to place stations at locations instream that correspond to concentrations measured in the 
dilution series in the effluent tests. For example, where effluent testing shows the effluent no 
observed effect concentration b 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 dilution will. influence positions and numbers of stations. Where 
smaller tributaries have several point sources on them, treat the tributary as a point source. Obvious 
nonpoint source areas also should be used to set stations. 

Existing biological data-Where biosuwey data are available, sampling station location should be 
influenced by the more obvious trends in impact. In particular, control stations and recovery stations 
can be determined by biosurvcy 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-hhltiple point source situations require the placement of more 
stations between discharge points. Each source should be bracketed by sampling stations. 

e 

There are four areas or zones that can be recognized when establishing the sampling stations for ambient 
toxicity testing: - 

Zone l-An upstream zone before the eftluent enters 

Zone 2 4  zone c3 mixing 

Zone '1 zone after mixing and before additional dilution water enters 

Zone 4-A zone where additional dilution occurs either from effluents or tributaries. 

All possible combinations of occurrences are not practical to discuss but must be sorted out for each site. Some 
generalizations are important to mention: 

Any upstream sources of contaminants, such as other discharges, will confound the individual effects 
of a downstream difcharge. For example, Zone 3 of the downstream discharge may occur in Zone 4 of 
an upstream discharge. This does not invalidate the measurement of ambient toxicity. It only makes 
it difficult to attribute amounts of response to each individual discharge. Response to the instream 
mixture is what is measured. 

Careful location of sampling stations in Zone 3 i s  critical. Zone 3 is  the only place where toxicity 
decay rates of any one discharger can be measured and then only if there are no upstream discharges, or 
if there are, only if that upstream effluent is stable in that reach. 

In Zone 4, not only is degradation of the effluent toxicity occurring, but there is  dilution of it by 
other effluents and tributaries. Depending on the site circumstances, one may not be able to leam 
anything about the ambient toxicity characteristics of the effluent of concem in this zone. 

To emphasize, what can be measured in each zone depends on the above considerations. In the more 
complex situation, only an estimate of ambient toxicity at each station can be obtained. No 
information about one effluent's toxicity decay rate will be available where several toxic effluents 
mix. In the most simple situation of one discharge and no dilution downstream for a long distance, 
Zone 3 will be large enough to get a good measure of toxicity decay. 
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Analysis of Ambient Toxicity Measurement 

! 

When used in screening, the ambient toxicity data can identify areas in receiving waters where 
ambient toxicity exists instream. Attributing such impact to specific point sources (particularly where 

0 Except when used for scmning purposes, ambient toxicity measurements must be interpreted with 
effluent toxicity test data if conclusions are to be drawn conceming 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 is an integration of effects from all contaminants and 
components.and represents not only the toxicity of the effluent of concern but also the interactions 
of it with other-effluents. 
Where the downstream stations show toxic effect at the concentrations measured as toxic in the 
effluent toxicity tests, effluent toxicity can be considered to be occurring instream, after discharge. 

Where the toxic effect decreases from station to station downstream in the absence of further dilution, 
the effluent toxicity is degrading. If the decay rate is rapid (e.g., no toxicity at the closest instream 
station to the discharge point), the effluent has a nonpersistent toxicity. Where the decay rate is 
more gradual, toxicity is more persistent. The rate of decay of toxicity together with mixing data 
allows. the regulatory authority to approximate a receiving water toxicity impact area. That impact 
area can then be compared to the appropriate State water quality standards when establishing control 
requirements. 

In som'e &es, 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 pattem 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 anzlysis in the raw test data is important when interpreting ambient toxicity data. As used in 
this context, trend analysis means observing toxic effect as it OCCUK in the test itself and relating it 

from day to day. There may be a pattem of mortality that can be linked to discharge events. For 
example, in the table the data indicate late mortality at downstream stations on Days 6 and 7. Flow 
rates for the river in this example correlated this mortality to the downstream movement of a toxic 
slug illegally discharged upstream. 

several sources d i i a r g e )  may require . . .  efpuent toxicity testing. . .  
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to what is occurring instream (plug flow, intermittent discharge, peak toxicity of effluents). Using 
time-of-trawl data or receiving water flow rates and patterns, observe effects on the test organisms 
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DURATION AND FREQUENCY 

As d i s c u d  on pages 7 through 13 of the Guidelines for Deriving Numerical National Water Quality Criteria for 
the Promon of Aquuzjc Oqanims and Their Uses [l], the format used to express water quality criteria for aquatic 
life should take into account toxicological and practical realities. Because of variation in the flows of the 
effluent and h e  upstream receiving water as well as variation in the concentrations of pollutants in the 
effluent and in the up-am receiving water, a simple format, such as specifying a concentration that must not 
be exceeded at any time or place, is not realiic 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 conceming concentrations, durations of averaging periods, 
and average frequencies of allowed excursions. Use of this concentrationduration-frequency format allows 
water quality criteria for aquatic life to be adequately protective without being as overprotective as would be 
necwary if criteria were expressed using a simpler format. In addition, this format can be applied directly to 
hydrological data and to the flow of, and concentrations of pollutants in, effluents using both dynamic and 
steady-state modeling [2, 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. [l]. As described in 
Chapter 3 of this TSD, the CMC and CCC for Whole Effluents can be specified generically in terms of toxic 
units. Altematively, for a panicular effluent the CMC is specified in terms of an acute toxicity endpoint (ATE), 
which is either an LCso 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 LCSO, ECSO, NOEC, and lCXx, 
were obtained from appropriate toxicity tau 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 maigtained indefinitely, is expected to cause an unacceptable effect. Due to the four sources of 
variation mentioned above, the concentration in the receiving water will not be constant. Because organisms 
can tolerate higher concentrations for short periods of time, it is expected that the concentration of a pollutant 
in a body of watc'r can exceed the CCC without causing an unacceptable effect if (a) the magnitudes and the 
durations of exceedances are appropriately limited and (b) there are compensating periods of time during 
which the concentration is below the CCC. These goals are accomplished by specifying a duration of an 
averaging period over which the average concentration should not exceed the CCC. For example, if the 
concentration is twice the CCC for one-half the specified averaging period, it must be zero for the rest of the 
averaging period if the average concentration is not to exceed the CCC. Thus, both the magnitude and 
duration of an exceedance are limited and there must be a compensating period of time during the averaging 
period when the concentration is below the CCC Because exceedences are defined to be due to usual variation, 
most exceedences will be small, with larger exceedances becoming increasingly rare [l , 21. 

Although an exceedance is defined to occur whenever the instantaneous concentration is above the CCC, an 
excursion is dcfined to occur only when the average concentration over the duration of the averaging perioa IS 
above the CCC. It is expected that excursions can occur without causing unacceptable effects if (a) the 
frequency of such excursions is appropriately limited and (b) all other average Concentrations are below the 
CCC. The recommended average frequency of allowed excursions is intended to appropriately limit the 
ftequency of excursions. k a u s e  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, excurslons that are 
defined to be due to-usuabvariation will be. small; with larger excursions becoming increasingly rare. The 
duration of the averaging period is intended to limit the impact of exceedances, whereas the average frequency 
Of allowed excursions is intended to limit the impact of excursions. (Note: The words "exceedance" and 
"excursion" are used slightly differently here than in References 1 and 2.) 

Although spills can impact aquatic communities, they are not considered exceedances or excursions because 
they are not pan 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 toxlcity tests to 
diagnose the cause of biological impact. Ambient toxicity measurements were taken over a 74ay period. 
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~ During two of these studies (4, 51 spills of pollutants resulted in acute toxicity. This suggests that the impacts 
caused by spills'might be as important as impacts caused by variation in the compositions and flows of the 
effluent and the receiving water. 

The primary purpose of this appendix is to pruent the rationale for the recommendations of the US. €PA 
concerning duration and frequency in national water quality criteria for aquatic life. The recommended 
duration is based on data from laboratory toxicity tcsts, whereas the recommended frequency is based on field 
data. With the concurrence of the US; EPA,'States may adopt Site-specific criteria, rather than national cn'teria, 
in their State standards. Such site-specific criteria m y  include not only site-specific concentrations, but also 

. site-specific, and possibly pdlutant-specific, durations of averaging periods and average frequencies of 
~ * allowed excursions. If adequate justification is  provided, site-specific and/or pollutant-specific 

concentrations, durations, and frequencies may be higher or lower than those giwn in national water quality 
criteria for aquatic li. A secondary purpose of th i s  appendix is to discuss rationales that might be used as a 
basis for selecting alternative durations of avcraging periods and average frequencies of allowed excursions, 

x 

I 
Duration 

In order for this concentrationduration-frcqucncy format to allow water quality criteria for aquatic life to be 
adequately protective without being unnecessarily overprotective, the duration of the averaging period must 
allow some exceedances above the CCC without allowing unacceptable effects. Thw, the averaging period 
must appropriately limit the magnitude and duration of exceedances and provide compensating periods of time 
during which the concentration is below the CCC. 

Even though only a few tests have compared the effects of a constant concentration with the effects of the 
same average conmntration 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 pmod docs not allow substantially more adverse effect than would have been caused by a continuous 
exposure to the sam5 rwrage concentration. Lifccydc tests with species such as mysids and daphnids and early - 
life-stage tests with wannwater fishes usually last for 20 to 30 days, whereas liie-cyde tests with Ccriodclphnids 
usually last for 7 days. If the duration of the averaging period is too short, however, it will not allow any 

For 

would effectively mean that for most effluents each individual sample that was above the CCC would be 
considered an excursion. 

meaningful exceedances and will, in effect, defeat the purpose of the concept of the averaging period. 
example, because few effluents are monitored more often than once a day, an averaging period of 24 hours 
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For the following reasons, a M a y  averaging period is recommended for application of the CCC in aquatic-life 
criteria for both individual pollutants and Whole Effluents: 

It i s  substantially sho& than the 20- to 3Way duration of most chronic tests and is somewhat 
shorter than the 7-day duration of the Cniodophnicr liccyde test. 

occurs at some time during the test, rather than being caused by either long-term stress or long-term 
accumulation of the test material in the organisms. Homing and Neiheird [ l7 ]  documented one such 
situation, and others are probably the cause of at least some of the acute-chronic ratios that are not 
much greater than unity. 
For both endrin and fenvalerate, Jarvinen et al. [18] found that a 72-hour exposure caused about the 
same amount of effect on-the growth-of fathead minnows'in early life-stage tests as did a 30-day 
exposure to the same concmtfation. 
In some life-cycle tests on effluents with Ceriodaphnids, concentrations of effluents that were a 
factor of 1.8 greater than the CCC caused unacceptabk effects in 4 or 5 days [5, 19, 201. 

It is not so short as to effectivdy defeat the purpose of the concept of the averaging period. 

- w  
The results of some chronic tests apparently are due to an acute effect on a sensitive life stage that -I 
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As discussed below, other averaging periods might be acceptable on a site-specific or pollutant-sptcific bask 



-em, - # 

Just as the concept of exceedanceJrnn be applied to the CCC, it also can be applied to the CMC. As with the 
CCC, the CMC averaging period should be substantially Ius than the lengths of the tests on which the CMC is 
based, i.e., substantially less than 48 to 96 hours. Because 4- to 8-hour LCsos are about the same as the 96-hour 
LCjo for some materials [21-271, the duration of the averaging period for the CMC should be less than 4 hours. 
One hour is probably an appropriate duration of the averaging period for the CMC because concentrations of 
some materials that are only a factor of two higher than the 96-hour LC50 cause death in one to three hours 
[25]. Even when organisms do not die within the first hour or so, it is not known how many organisms might 
have died due to the delayed effects of the short exposure [28-311. If the l-hour average does not exceed the 
CMC, it is unlikely that the concentration of the pollutant in the receiving water can fluctuate rapidly enough 
during the hour to cause additional adverse effect. Thus, it seems inappropriate to apply the CMC to 
instantaneous concentrations. 

With adequate justification, the CMC and/or CCC averaging periods may be increased or decreased on a site- 
specific or pollutant-specific basis. A possible site-specific justification for increasing the duration of the 
CCC averaging period would be that the variation in the concentration of the pollutant in the receiving water 
is low. Where variation is demonstrated to be consistently low, a longer CMC averaging would be acceptable 
because the magnitudes and durations of exceedances above the CCC would be limited. A possible pollutant- 
specific justification for a longer averaging period would be that the LC50 decreases substantially as the 
length of the exposure increases. For example, an 8-hour averaging period might be justified for the CMC if it 
were shown that 24-hour exposures of a variety of sensitive species resulted in 96-hour LCsos that were 
substantially above the 96-hour LCsos obtained from continuous exposure to a constant concentration for 96 
hours. 

In som; situations the duration of the averaging period does not have to be stated explicitly because one can 
be implicitly defined using an uptake rate and a depuration rate. For example, if it is known that a specific 
concentration of *,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 daily flows is the allowed frequency of 
exceedancu of the concentration in the aquatic species. Thus, this approach can be used whenever the 
following are availahle: 

- 
A record of daily flows of the body of water, preferably for more than 10 years 

A maximum acceptable concentration in the whole body or in a particular tissue of an aquatic species 

Uptake and depuration rates that are applicable to that pollutant in the whole body or tissue of that 
species 

An allowed frequency of exceedances of the maximum acceptable concentration. 

This approach is likely to be especially useful when an exposure causes delayed effects that are considered 
unacceptable. For example, it might be found in a test that no fish die during a 2day exposure of rainbow trout 
to a pollutant but 50 percent of the fish die within 4 weeks of being transferred to clean water, whereas no 
comparable control fish die. If values are available for the concentration of the pollutant in the fish at the 
end of the 2day exposure and for the uptake and depuration rates, these data could be used with a flow record 
for a river to determine how often a specified constant daily input of the pollutant to the river would have 
resulted in exceedances of this concentration and therefore the death of ratnbow trout. 

Regardless of what averaging periods are used, exact calculation of the number of excursions would require 
continuous monitoring of the concentration in the receiving water, which is not feasible in most cases. A 
valid altemative would be to use a statistically designed monitoring program and a statistical interpretation of 
the measured concentrations. The l-hour averaging period for the CMC would imply that the samples analyzed 
should be 1 -hour composites; the 4-day averaging period would. imply that concentrations in all samples 
obtained within any M a y  period should be averaged, pmferably using a time-weighted average. If information 
is avaitable concerning the discharge pattern of a particular effluent, it might be possible to design a 
monitoring program that is specifically appropriate for that effluent. 
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Unless critical species are especially Knsitive to particular toxicants, most ?cursions of criteria should have 
minor impacts on aquatic communities. However, whereas excursions above the CCC will probably reduce 
growth and reproduction, excursions above the CMC will probably cause death and other severe acute effects. 
In addition, special care should be exercised when many outfalls exist in a small segment of a receiving water, 
because if low flow causes an excursion for one discharge, that same low flow will probably also cause 
excursions for other discharges at the same time. Several 'minor" excursions might thus add up to a 'major" one. 

m 
Frequency '- .r .:: 

The purpose of the average frequency of allowed excursions is to provide an appropriate average period of time 
during which the aquatic community can recover from the effect of an excursion and then function normally for 
a period of time before the next excursion. The average frequency is intended to ensure that the community is 
not constantly recovering from effects caused by excursions of aquatic-life criteria. Because most regulated 
discharges are to flowing water (lotic) systems, this discussion will emphasize discharges to rivers and streams 
rather than to lakes, ponds, reservoirs, and estuaries. 

Genenl & a s i d d o n s  for satlag "cy wltlr Whkh ~ & o n s  of crftwl. my 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 dose parallels to organisms in their 
response to stress and in 'health." Current understanding is that external factors, including disturbances, often 
play a major role in the structure of communities [32, 331. The trequency 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 havlhg 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 (321 and vary in intensity not only 
between headwater streams and large rivers, but also between similar s u e d  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 
th9 are predisposed to recover quickly once the disturbance is gone. The question then is how frequently :an 
aquatic communities experience these additional disturbances (excursions of criteria) without being 
unacceptably affected. 

In an extensive review of the published literature, Niemi et al. [38] reviewed the published literature and 
identified more than 150 case studies of freshwater systems in which some aspect of recovery from the impact of 
a disturbance was reported. A case study was used only if the disturbance caused a death or displacement of 
organisms. This resttiction war necessary because it was rarely possible to determine if an event was outside the 
normal intensity range (a common alterrute definition of disturbance), mainly because it is usually dWicult to 
define the normal intensity range. It also permitted the inclusion of natural as well as anthropogenic events. 
Approximately BO 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, 
penphyton, and macrophytes, but were numerous for macroinvertebrates and fishes. Because more than one 
recovery endpoint was reported for most studies, the number of endpoints greatly exceeded the number of case 
studies. For short-term (nonpersistent) disturbances, approximately 85 percent of all macroinvertebrate 
endpoints indicated recovery in less than 2 years. Macroinvertebrate biomass, density, and taxonomic richness 
recovered in less than 1 year for approximately 95 percent of reported endpoints. Dipterans (flies, mosquitos, 
midges, etc.), which generally have short generation times or high dispersal ability, recovered most rapidly, 
whereas stoneflies and caddisflii 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. 
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Most excursions of criteria will be minor and their impacts will therefore be difficult to detect. Although most 
disturbances in the above case nudies caused more severe impacts than most criteria excursions are expected to 
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=use, CMC ucursions m'll result in death of some organisms. These data indicate that as a general rule, the 
purpose of the average frequency of allowed excursions will be achieved if the frequency is set at once every 3 
years on the average. Excursions of the CCC are more difficult to evaluate because nonlethal excursions could 
not be evaluated from the data used by Niemi et al. [38]. It is reasonable to expect, however, that cumulative 
effects from too frequent excursion of the CCC also will result in unacceptable degradation of lotic 
communities. 

Coasldemtlons for Ptvpaslng S / ~ e c l f l c  l n c " s  or Necmsm In the A m g e  Fnqaency of Allowed 
€%culoas 
Although an average frequency of one criterion excursion every 3 years should usually be protective of lotic 
communities, more frequent excursions might be acceptable in certain situations. Sedell et ai. [39] have shown 
that lotic systems with refugia (areas of refuge) such as welldeveloped 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 retum or repopulate. However, many of these refugia are 
likely to be most restricted and vulnerable during the low-flow periods when criteria excursions also are most 
likely to occur. Evidence of action to preserve refugia, particularly during low-flow periods, or to create or 
restore them, might be grounds for demonstrating that an excursion frequency of more than once every 3 years on 
the average is acceptable. Schlosser [36] found that lower-order (i.e., headwater) streams, because of their 
natural high variability, contain communities consisting of species that have short life cycles and/or high 
dispersal ability and can recover from major disturbances in a year or even less. Thus, many lower-order streams, 
particularly those for which refugia are available, may be able to tolerate somewhat higher excursion 
freqwncies, 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 lowersrder streams are naturally highly variable and can therefore tolerate higher disturbance 
frequencies, thesconverse is true for highersrder lotic streams for at least two partially related reasons: (1) 
segments with tributaries draining a large watershed will be buffered from the effects of localized droughts in a 
portion of the watershed, and will therefore experience a less severe natural disturbance regime, and (2) 
organisms inhabiting these segments will therefore not be adapted to disturbances that are as frequent or severe 
as those in lowei-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 years to re-establish the predisturbance age 
and sue 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 dear-cutting of a watershed [38]. If 
the chemical ,contaminant is not widespread, recovery is limited primarily by the rate of disappearance of the 
chemical rather than by strictly ecological processes. Widespread contamination can affect recovery by 
increasing the distance over which recolonizers must travel. Watershed clear-cutting reduces the input of 
organic matter that provides the food base of streams in forested watersheds and also provides woody debris 
and snags that sewe 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 i f  the individual 
excursions are small. Special measures, such as plant shutdowns, might be required in extreme cases. Finally, 
severe chemical spills, which cannot be regulated but which will occur in any highly industrialized river 
segment, will affect aquatic life over b large area. If maintenance of long-lived fish species in these segments 
is desired, recovery penods up to 25 years may be necessary. 

Based on the above considerations, recovery periods longer than 3 years may be necessary after multiple minor 
excursions or after a single major excursion or spill during a low-flow period in medium-to-large rivers, and up 
to 25 years where long-lived fish species are to be protected. Even longer times may be necessary as the size of 
the affected area or the persistence of the pollutant increases. 
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.Calculation of Design Conditions 

The use of aquatic-life criteria for developing water quality-based permit limits and for designing waste 
treatment facilities requires the selection of an appropriate wasteload allocation model. Dynamic models are 
prefemd for the application of aquatic-life criteria in order to make best use of the specified concentrations, 
durations, and frequencib.: If dynamic models cannot be used, then an altematiw is steady-state modeling. 
fkcause steady-state modeling is based on various simplifying assumptions, it is less complex, and might be 
kss realistic, than dynamic modeling. 

An important step in the application of steady-state modeling to streams is calculating the design flow. The 
procedures outlined in the €PA document TKhniCol Guidance Manuol for fcrfoming Waste Load A//ocution, Book 6, 
Design Conditions: Chapter I, Sfcorn Dcsign Flow for Stcody-Stute Mode/hg. (U.S. €PA 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 recommend% two methods for determining design flows, 
the hydrologically based method and the biologically based method, and the flows that should be used for the 
CCC and CMC for both methods. 

The hydrologically based design flow method is presently used by many States. It is based on -selecting and 
identifying an extreme value, e.g., the 7410 flow. The underiying assumption of this -method is  that the 
design flow will occur X number of times in Y years. Thus, th i s  method limits the number of years in which one 
or more excursions below the design flow can occur. The method has two advantages: (1) the log-Peanon Type 
111 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 SuryC.provides technical support for this method. The disadvantage oi th is  method is that-it is 
essentially independent of biological considerations. Design flows calculated using this method might allow 
more or fewer excursions than once every 3 years on the average. In addition, it is difficult to use site-specific 
durations and frequencies with this method. For toxic wasteload allocation studies in which the 
hydrologically based method is used, €PA recommends the use of the 1410 flow as the design flow for the 
CMC and the 7410 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 s p e c i f i i  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 
spec i f id  for the CMC and CCC These might be 1 day and 3 years for the CMC and 4 days and 3 years for the 
CCC or site-specific durations and frequencies. 

The two methods were used on approximately 60 d w n t  rivers to compare the hydrologically based 1410 and 
7410 design flows with the biologically based ldayl3-year and 4-dayI3-year design flows. For most of the 
rivers the hydrologically based design flow, resulted in more than the allowed number of excursions. For some 
of the rivers, the 1 Q10 and 741 0 allowed substantially more or fewer excursions than the intended number of 
excursions. Because the biologically based method calculates the design flow directly from the national or 
site-specific duration and frequency, it always provides the maximum allowed number of excursions and never 
provides more excursions than allowed. 
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EPA provides software tools to calculate both types of design flows via the STORET environment on its NCC- 
IBM mainframe. Biologically based design flows can be calculated using the program DFLOW [40]. The 
hydrologically based design flows can be calculated using FLOSTAT or DFLOW; the latter uses a simplified 
version of the log-Pearson Type 111 method. Both programs access the STORET Flow file that contains daily 
flow records for US. Geological Sumy gaging stations. They are easy to use and the user simply needs to know 
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the identification number of the gaging station. To obtain further information on the STORET environment 
and the programs, contact 

Mr. Thomas Pandolfi 
US. Environmental Protection Agency 
Office of Water Regulations and Standards (WH-553) 
401 M S m t ,  S.W. 
Washington, D.C. 2Oq60 . . 
(202) 382-7030 

Themethods desa-bed abow use daily flow data to determine design flow, but they do not consider any other 
physical -or chemical condition that might 'affect toxicity. EPA has prepared a supplementary method and a 
software tool named DESCON that incorporate such supplemental water quality parameters as temperature, pH, 
alkalinity, hardness, and dissolved oxygen to determine design conditions. Note that DESCON takes into 
account such things as effluent variability, which DFLOW does not take into account. The method and software 
are described in two documents available from the Assessment and Watershed Protection Division of the Office 
of Water Regulations and Standards-Technical Guidance on Supplementary Stream Design Conditions for Steady 
State Modeling [3] and DESCON Usen Manual [40]. 

The supplementary method is consistent with the hydrologically and biologically based methods described 
above. It simply extends them 'to include other conditions besides streamflow. The advantage of considering 
multiple conditions is that the worst-case conditions necessary to protect water quality criteria might not occur 
when the streamflow is low; e.g., low DO or high temperatures might occur at times other than when the flow is 
low. 

This supplementary method can be used for five pollutant categories with the physical-chemical parameters 
described above. The pollutant categories are general toxicant, ammonia, heavy metals (Cd, CP3, Cu, Pb, Ni, 
Zn), pentachlorophenol, and ultimate oxygen demand. 

The software tool to facilitate this method is called DESCON. It is on EPA's IBM mainframe and is available 
through the STORET environment. DESCON accesses the STORET flow file for the daily flow record and the 
water quality file7or data on the physical-chemical parameters. Options are available to the user if the area of 
concern has no flow record or if no water quality data are available. - 
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LOGNORMAL DISTRIBUTION AND PERMIT LIMIT 
DERIVATIONS 

I 
Introduction 

This appendix provides ‘supporting information for the statistical methodology used in permit limit 
calculations. The methodology described in this appendix applies to many types of data including data that 
are used to develop both technology-based and water quality-based permit limits. The appendix is divided 
into two sections. The first section gives an overview of permit limits: the derivation of water quality-based 
limits and the consistency among different permit limits. The second section describes the statistical 
methodology for the normal distribution, the lognormal distribution, the delta-lognormal distribution, 
methods of checking distributional assumptions, and correlation. This section also provides guidance on the 
application of each distribution to permit limits. Tables E-1, E-2, and E-3 at the end of the appendix summarize 
the permit limit calculations. This appendix describes the statistical methodology for three distributions that 
are often used in determining permit limits. Other distributions can be used, and this topic is discussed in the 
subsection, Other Distributions. 

Section 1: Overview of Pennit Umits 

Two types of permit limits are contained in the effluent guidelines regulations: daily maximum limits and 
monthly average limits. The daily maximum ‘permit limit is the maximum allowable value for any daily sample. 
The daily maximum limits are usually based on the 99th percentile of the distribution of daily measurements. 
The monthly average permit limit is the maximum allowable value for the average of all daily samples obtained 
during 1 month. Monthly average limits are in most cases based on the 95th percentile of the distribution of 
averages of dailpalues. 

The following two-subsections discuss the derivation of water quality-based limits and the consistency among 
different p&it limits. 

nsrfrrtloa of watm Uuallty-basad uum 
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. 

Coaslstency Anmag Dlffmnt k m l t  Um& 
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 is constant regardless of monitoring frequency. The nummcal 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 phencunenon makes monthly average permit limits based on 1 0  samples appear to be 
more stringent than the monthly limit based on 4 samples. A permittee performing according to the WIA 
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 
mbnitoring frequencies. 

I 

t 

E-1 

L 



. I ._ 

Section 2: Statistical Methodology 

The statistical procedures that are used in permit limit dewelopment involve fitting distributions to effluent 
data. The estimated upper percentiles of the distributions form the basis of the limits. T h i s  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 arc made for notation, assumptions, coefficients 
of variation, and variability factors. 

\ - 
NotatIan 
In the calculationi'in this appendix, natural logarithms &e., logarithms to the base e), denoted by In(x), are 
used. The calculations can be modified to use logarithms to the base 10 by replacing log1 ~ ( x )  for In(x) in the 
formulas. 

Assumptions 
The distribution fitting methods assume that the daily measurements are independent, uncorrelated 
obsewations. 

The fundamental assumptions underlying the discussion on calculating limits are: 

0 Daily pollutant measurements are approximately lognormally distributed for values above the 
detection limit 
Maximum.nday monthly averages for n 5 10 are approximately lognormally distributed above the 
detection limit 

Maximum nday monthly averages for n > 10 are normally distributed. 
- 

Recommendation of the use of the lognormal distribution for daily pollutant measurements i s  based on 
practical rather-than theoretical consideration. Usually environmental data sets possess the basic lognormal 
characteristics of positive values and positive skewness. In addition, the lognormal distribution is  flexible 
enough to model a range of nearly symmetric data. Furthermore, in comparison to other positive valued, 
positively skewed distributions that could be used to model environmental data, the lognormal is relatively 
easy to use. 

When lognormal data are log transformed, the properties of the normal distribution apply to the transformed 
data. The section on statistical methodology describes the properties of the normal distribution and its 
relationship to the lognormal distribution. The delta-lognormal distribution is a generalization of the 
lognormal distribution and may be used to model data that are a mixture of non-detect measurements with 
measurements that are lognormally distributed. In delta-lognormal procedures, nondetect values are weighted 
in proportion to their occurrence in the data. 

In determining permit limits based on averages (e.g., monthly average permit limits), a distribution should be 
used that approximates the distribution of an average of pollutant measurements. The lognormal distribution 
can be used for approximating the distribution of averages for small sample sizes where the individual 
measurements are approximately lognormally distributed. For larger sample sizes, a powerful statistical result, 
called the Central Limit Theorem, provides theoretical support for determining limits based on averages of 
individual measurements. According to the Central Limit Theorem, when the sample size n is large enough, the 
average of the n sample values will be approximately normally distributed regardless of the distribution of the 
individual measurements. The section on statistical methodology provides procedures and guidance for 

. calculating averages for both small and large samples sues where the individual measurements are lognormally 
distributed. 
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The shape of the observed data is the key factor in evaluating a distributional model. For environmental data 
the lognormal distribution is usually appropriate. The critical question in a given situation is  how well a 
particular distribution models the shape of observed data. Although the lognormal does not provide an exact 
fit in all cases, it usually provides an appropriate and functional fit to observed environmental data. Graphical 
displays and goodnus-of-fit tests, as described in the subsection, Other Distributions, may be used as a guide in 
verifying assumptions and selecting a distribution. 

coStfCi8l tbOf V-Oa . 
The coefficient of variation (denoted by "CV) is the ratio of the standard deviation to the mean. Thus, the CV 
is a dimensionless measure of the relative variability of a distribution. Estimates of the CV can be used when 
the actual CV cannot be calculated or if the available data sets for calculating the CV are small. In such cases, 
different values for the CV should be used in the permit calculations to asus the effect of the CV on the final 
permit limit. Typical values of the CV for effluent data usually range f" 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. 

Varlabillly Factors 
An important component of the process used by the Environmental Protection Agency (EPA) for developing 
technolegy-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 avera e treatment performance level and large values that would be expected to occur only on rare 

and operated treatment system. Such factors are useful in situations where little 
data are available to characterize the long-term performance of a plant. 
occasions in a wel-designed P 
In cases where only a small number of observations are available from a plant EPA has been reluctant to 
estimate a variability factor. In the Organic Chemicals, Plastics, and Synthetic Fibers (OCPSF) rulemaking [l], a 
minimum of seven gaily observations from a plant, with at least t h e  of the sewen above the detection limit, 
was established for calculation of a plant level priority pollutant variability factor. However, EPA has not 
established a minimum number of observations required for calculating variability factors for all pollutants in 
all industries. 

The calculations for variability factors for the daily maximum and the monthly average are included in the 
discussion of the different distributions below. 

Normal Distribution 

The normal distribution plays a central role in the methods described in this appendix. In most cases, the 
normal distribution is not an appropriate model for individual pollutant measurements; however, the normal 
distribution is  related to the lognormal distribution that is used to establish many permit limits. In most cases, 
the simple logarithmic transformation of effluent and water quality data results in data distributions that are 
normally distributed. Such data are referred to as being lognormally distributed. When lognormal data are log 
transformed, the properties of the normal distribution apply to the transformed data. Since the normal and 
lognormal distributions .are related in a maightforward manner, the methods of analysis for normal and 
lognormal data also are easily related. The normal distribution is described below and is  followed by a 
discussion of the lognormal distribution and its relationship to the normal distribution. 

I 

L 

r 

T 

i 

E-3 



Figure E-1. Normal Probability Distribution 

The normal probability distribution is encountered in a number of applications. The bell-shaped curve of the 
normal distribution is shown above in Figure E-1. Excellent introductions and reviews of the normal 
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 obsmations, denoted by xi,  x2, ..., xk, from a normally distributed population can be 

used to estimate the mean, p, and variance, de according to the formulas below: 

i = estimated mean 
= Z[X~] / k, 1 S i S k 

62 = estimated variance 
x[(Xi - c)2] / (k - l), 1 5 i 5 k 

6 = eshmated standard deviation 
= 

= (62)1/2 

= 6 / i i  
& = estimated coefficient of variation 

The characteristics of the normal distribution are the range is dcfined for positive and negative values, and the 
frequency curVi-is bell-shaped and symmetric about the mean. In most casu, the normal distribution is not an 
appropriate model for the distribution of individual pollutant measurements. Environmental data rarely are 
symmetric, which is a fundamental property of the normal distribution. In addition, the normal distribution is 
defined over a range that includes negative values while pollutant measurements are restricted to nonnegative 
values. Thus, fitting a data set to a normal distribution allows for the possibility, however small, of observing 
negative values. The lognormal distribution, or any positive valued distribution, is not defined for negative 
values and thus avoids assigning any probability to negative values. 

hl& hbXhflm PWIJI/f h l f S  Ikrsd OR # O m 1  fik&/&&/Oa 
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 quantrty 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 Z-score for the 95th percentile is 1.645. 
Z-scores are listed in tables for the normal distribution (in most statistical textbooks and references). The pth 
percentile daily maximum limit i s  estimated by: 

:t 

I 
\ 

A*., = pth percentile daily maximum limit 

= i + Z p & .  
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For example: 

A.95 = 95th percentile daily maximum limit 

k.99 = 99th percentile daily maximum limit 
= i + 1 . 6 4 5  

= I; + 2.326 
Note: 

$5 = 1.645 
Zgg = 2.326 

The daily variability factors (de ed by VF1) are estimated by: 

Daily maximum 95th percentile VF1 = k.95 / i 

Daily maximum 99th percentile VF1 = k-gg / i 

Month& A m g o  psrnrlt Umlts Basad on the N o m 1  Oktrlbnt/oa 
The normal distribution can be used to model the averages of the individual measurements for a wide range of 
circumstances. Although the normal distribution usually is not an appropriate model for individual pollutant 
measurements, the averages of those individual measurements can often be modeled by the normal distribution. 
This subsection explains the theory behind using the normal distribution for averages and provides the general 
formulas. 

A powerful statistical result, called the Central Limit Theorem, provides theoretical support for determining 
limits based on averages of individual measurements. According to the Central Limit Theorem, when the 
sample size n is large enough, the average of the n sample values will be approximately normally distributed 
regardless of the distribution of the individual measurements. In determining permit limits, the calculations 
incorporate the number of samples that will be required for monitoring purposes during the specified time 
period (usually a month). For the purposes of permit writing, 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 nday average and the variance of the n-day average are denoted by 
* 2  i n  and an, respectively. 

w 

i = estimated mean of distribution of X 
b2 = estimated variance of distribution of X 
bn = mean of distribution of the n-day monthly average 

= c I  
a2 
an = variance of distribution of the nday monthly average 

= 6 2 1 n  
= standard deviation 

= ( a p  
CGn = coefficient of variation 

= &n I I;". 
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The upper percentile limits are: 

= pth percentile nday monthly average limit 
= i" +Z& 

where z is the pth percentage point of the standard normal distribution. P 

For example: 

k.95 = 95th percentile n-day monthly average limit 

k . ~  = 99th percentile n-day monthly average limit 
= in + 1.645 Gn 

= fin + 2.326 6n 

Note: 

$5 = 1.645 
Z, = 2.326. 

The monthly average variability fa& (denoted by VFn) are estimated by 

Monthly average 95th percentile VF, = A.95 / i 
Monthly aperage 99th percentile VF, = k.99 / i 

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 lognomal distribution. 

The distribution fitting methods assume that the daily measurements are independent, uncorrelated 
observations. Although, in general, th i s  assumption is not satisfied exactly, the lognormal distribution has 
been used in the effluent guidelines program primarily because it consistently provides a reasonably good fit to 
observed effluent data distributions. Figure E-3 shows the lognormal distribution applied to data used in the 
development of the OCPSF effluent guidelines regulation [l 1. 
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The logarithmic transformation of the random variable X, Y = In@) 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 uy, 
and CT respectively. These parameters can be estimated by: 

= Uyi )  / k CY 
and 

A2 
o Y 

yi = In(xi) for i=1,2, ... k. 
= E[(yi - b)2] / (k - l), respectively 

where 

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 k(X), o(X), and .L 

c*~(x), respectively. 

k(X) = daily average 

= exp( 4 + i$ / 2) 

O(X) = variance 
2 = exp(2 4 + tiy / 2) [exp($ - 11 

&(X) = coefficient of variation 

= [e;p(+ - 11112. 

nally Mularoar paran Umns Bo#d on the &flnonnal Dtsm" 
The upper percentile limits for the random variable X (which is lognormally distributed) are: - - 

= pth percentile daily maximum limit 

= eXp[4+zpb$  

where zP is the pth percentage point of the standard normal distribution. 

For example: 

k.95 = 95th percentile daily maximum limit 

k.99 = 99th percentile daily maximum limit 
= exp[ i+ + 1.645 GY] 

= exp[ by + 2.326 GY]. 
Note: 

Zg5 =. 1.645 . 
Zgg = 2.326. 

'T 
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(The daily maximum variability factors (denoted by VF1) are estimated by: 

Daily maximum 95th percentile VF1 = 2-95 / i<x) 
Daily maximum 99th percentile VF1 = 2-99 / [(X). 

Moatbiy A m g a  psnait Umtts Based un tb# &gao"aI DlrMbrrtioa 
This subsection contains the formulas required to approximate the distribution of the average of a small number 

-of lognormally distributed values with another lognormal distribution. Although, the Central Limit Theorem 
holds that the average of a sample of independent measurements is normally distributed provided that the 
number of measurements, n, is sufficiently large, the minimum value for n required in specific cases may vary 
considerably. In cases where the individual values are lognormally distributed, the minimum required for the 
average to be normally distributed may be quite large. As a consequence, the distribution of the average of a 
small number of lognormally distributed values may be better approximated by another, related lognormal 
distribution [3]. For sample sizes larger than 10 when the data are 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 

. - 

G:, andcb, estimated by: 

62 a, = variance 

fin = n-day monthly average 
. = In P(x> / [n[f%~)121+ 11 

.2 = ?"(t(X)) - 0.5 a, 

= C , p  
6, = standard deviation 

2 

CIVn = coefficient of variation - 
= [eXp(&i) - 11112 

where 

A2 t(x) = exp( j$ + uy / 2)  

Q(X) = exp(2 4 + e> [exp(&> - I]. 

The upper percentile limits of the maximum nday monthly average are: 

2-p = pth percentile n-day monthly average limit 

= exp[ ii,, + zP 6nI 

where zp is the pth percentage point of the standard normal distribution. 

For example: 

2-95 = 95th percentile n-day monthly average limit 

2-99 = 99th perccntite n-day monthly average limit 
= exp[ + 1 .645 6nI 

= exp[ & + 2.326 6 J 

'T L 
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Note: 

zgg = 1.645 
Zg9 = 2.326. 

The variability factors are: 

Monthly average 95th percentile Wn = A.95 / cn 
Monthly average 99th percentile Wn = R.99 / &. 

Deita-Lognormal Distribution 

.E 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 nondetectr 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 combination of two distributions: the lognormal 
distribution and a distribution with discrete probability of obtaining observations at or below the detection 
limit. The lognormal distribution models the Observations above the detection limit. The nondctect values 
are modeled by the distribution with discrete probability of obtaining Observations at or below the detection 
limit. The organit priority pollutant data set shown in Figure E 4  contains a number of Observations that were 
reported as ’nondetea’ These detection limit measurements are observations that are censored at the detection 
limit and a n  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 modd for analyzing such data. 

The estimatioaprocdure for the delta-lognormal distribution assumes that a certain proponion, 6, of values are 
at  the detection limit, which is denoted by D. (The estimation procedure when D = 0 is  detailed in Reference 4. 

This minimum level is the detection limit as established by the laboratory performing the chemical analysis. 

Let XI ,x2,...,xr,xr+1 ,..., xk denote a random sample of sue k, with r observations recorded as nondetects, and k-r 
observations greater than the detection limit. The k-r positiw obsewations are assumed to follow a lognormal 
distribution. The entire data set is assumed to follow the delta-lognormal distribution with censoring point 

equal to the detection limit D. Let and u 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 

c 

These value; set to D are Observations that can only by quantified as nondetect (NO) at some minimum level. -L 

A 2  
Y 

proportion of nondetects. Then the estimates of the mean and variance of the delta-lognormal distribution are 7 
estimated by: 

t(X*) = 

V(X*) = 

&(X’) = 

- - 

- - I 

- - 

daily average 

8D + (1 - 8 ) exp( 4 + 0.5 uy ) 

variance 

(1 - 8 ) exp(2 4 +6;) [exp(uy) - (1 - 8)]  + 8 (1 - 8 )  D [ D - 2 exp( 

coefficient of variation 

,2 

A 2  * z  
+ 0.5 by )] 

ly(X’)]’’2 / FN)  

* 

8 
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k = numberofsamples 
D = detection limit 
r i = number of nondeted values in sample 
k-r = number of values greater than the detection limit 
yi = In(xi) r + l S i S k ,  r c k  

= X&i) / (k*- r) r + l S i S k ,  r c k  

= x&i - Fy)’ / (k- r -  1) r + l S i S k ,  r < k  “Y 
8 = r / k  

Dally Mvrimona Pmnlt Umlts B#rd on tlm D a ~ ~ ~ l  Okfrlbntlon 
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: 

rD s 2 0.95 

ti < 0.95 
keg,* = I 

L W  [D, =P( ;y + Z*bYll 

Z* = 9’1[(0.99 - ti ) / (1 - 8 )]. 

rD ti 2 0.99 

where 

The estimated 99kh percentile daily maximum limit is: 

k.99, = 1- 

2. = 6’ t(O.99 - s ) / (1 - 8 )]. 

Lmax [D, exp( & + 2*8,,)] 8 < 0.99 
where - 

W1 [ ] is the mathematical notation for Z-scores. For examp.,,, when 8 = 

.I 

c 

-L 

then the corresponding value i s  

W’ [.99] = Zgg = 2.326. Values of W1 [ ] are available from tables of the normal distribution (available in most 
statistical textbooks and references). 

The variability factors (denoted by VF) are estimated by: 

Daily maximum 95th percentile VF = A.95 / k(X) 
Daily maximum 99th percentile VF = (1.99 / k(X). 

Dalta-&gno~l DlstrlbuUon of Averages 
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 (11. 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. 

1- 
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Checking Distributional Assumptions 

Two methods of checking distributional assumptions are goodness-of-fit and probability plots. When checking 
distributional assumptions, the sample size must be large enough. Small sample sizes may lead to erroneous 
conclusions. 

Goodnwssf-Flt Tests 
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 venfy that the frequency 
curve for the data also show the shape characteristic of the distribution. 

Probability Plots 
Use of probability plots is one method of determining whether a normal distribution is  appropriate for 
modeling a population using only a limited set of measurements. The set of measurements should have at least 
20 observations [SI. Consider an independent sample of size k, labeled ~ 1 ~ x 2 ,  ..., xk. Let u1,u-p ..., Uk be the 
ordered sample of x-values in ascending order in which u1 lU2<, ..., SUk. Now for each ui, find q from the normal 
table (in any statistical reference or textbook) such that P[Z S 31 = i/(k+l) and plot each pair (ti,ui) on linear 
graph paper (or use a computer graphics software package). If the data are from a normal distribution, they will 
fall approximately along a straight line. 

This same method can be adapted to check the assumption of lognormality. Log-probability plots are similar to 
probability plots used for the normal distribution. To construct a log-probability plot, set ) ~ i  = In(xi) for 
i=1,2, ..., k and then prepare a probability plot for the yi, first by ordering the data as descxbed 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). 

Up to this point, we have assumed that all the observed pollutant levels are independent, i.e., uncorrelated 
with one another. This subsection is  not intended to address correlation between observed pollutant levels 
and plant operating factors that influence and control treatment performance. 
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Figure E-5. Example of a Log-Probability Plot with a Normal Distribution 
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In the !case of the monthly average limit derivation, the assumption that observed pollutant levels are 
independent can be quite .important. If the effluent levels are correlated, the actual monthly average limit can 
be substantially higher than that derived from the analysis based on the independence assumption. However, 
correlation has essentially no effect on the calculated daily permit limits. T h i s  subsection provides guidance 
on determining when levels may be correlated, and adjusting the sample sue. 

A major factor that determines whether effluent levels are highly correlated is the retention time of the 
wastewater treatment system. If the retention time is large relative to the time between effluent samples, then 
iliose samples will tend to be correlated with each other in most cases. In municipal systems, for example, the 
rr -tion time is  frequently a matter of days, and sampling is .often conducted on a daily basis. The effluent 

~ ' consequently, may be substantially correlated. However, in many industrial systems, for instance a 
$ ,ya. -dt/chemical treatment system for electtoplating 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 pattems are the same irrespective of the kind of pollutant in question. 
Significant correlation between observed pollutant levels, when present, should be factored into monthly 
average permit limits. 

Several different methods can be used to account for correlation in determining limits. One general approach 
involves time series modeling. Another possible approach is to use a direct computation of the covariance 
among the observed data to adjust the variance of the average used in determining the limit. Help in adjusting 
the sample size for correlation is available from the OW Statistics Section (phone number [202] 382-5397). 

Table E-1. Daily Maximum Permit Limit Calculations 
- - 

'he daily maximum permit limit is usually the 99th upper percentile value of the pollutant distribution. In 
.ertain cases the 95th percentile value may be allowable. The following gives the formulas: - 

YlTH ALL MFASURE MFNTS > DETECT ION LIMIT (based on lognormal distribution) 

- 
VY - 

Y -  
Q X )  = 

V(X) = 

&(X> = 

- ,2  a 

95th percentile daily maximum limit 

ucp[$+ 1.645 $1 
99th percentile daily maximum limit 

exp[ 4 + 2.326 $1 

daily pollutant measurement i 

sample size of data set 

I[(yi - 4,)2] / (k - 1) 

exp( + 0.5 cry ) 

In(xi> 

Z(yi) I k I s i l k  

1 5 i I k 
A 2  

T 
.& 

.L 
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Table E-1. Daily Maximum Permit Umit Calculations (continued) 

SOME MEASUREMENTS c DmCIIO N LIMIT (based on delta-lognormal distribution) 

I k-95 t 95th percentile daily maximum limit 

To 8 2 0.95 

495 = I 
L max [D, otp(b+ f$)] 8 < 0.95 

with Z. = W1[(0.95 - 8 ) / (1 - 8 )] 
= 99th percentile daily maximum limit 

fD 8 2 0.99 

4 9 9  = I 
Lmax [D, dp&,, + r‘$.)] 8 0.99 

with Z* = W1 [(0.99 - 8 ) i (1 - 8 )] 
where 

xi = daily pollutant measurement i 
k = sample size of data set 
D = detection limit (as established by the laboratory) 
r = number of nondetecU (XI ,x2,...,xr are 5 D) - 

yi = In(xi) for r+l s i 5 k 
8 = r / k  
by 
- 2  

- 

k - r  = numberofdetects (++I ~ + 2 v - - &  a* > 0) 

- - 
s 

= Uyi)  i (k - r) 
= x[(yi - 4)2] / (k - r - 1) 

r+l I i s k (exclude values S D f” sum) 

r+l s i I k “Y 
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Table E-2. Monthly Average Permit Limit Calculations for 
Ten Samples or Less 

h e  monthly average permit limit is usually based on the estimates of the 95th percentile of the distribution of 
:he average of the daily effluent values. For sample sues less than or equal to 10, the data are assumed to be 
ognormally .distributed (or delta-lognormally distributed if the data includes nondetecu). 

4LL MEASUREMENTS > D m C T  ION LMIT (based on lognormal distribution) 
-- 

k.95 = 95th percentile n-day monthly average limit 
= -[in + 1.645 Gn] 

R.99 = 99th percentile n-day monthly average limit 
= ocp[ in + 2.326 hn] 

xi = daily pollutant measurement i 
y i  = In(xi) 
k = sample sue of data set i z  . = U y i )  / k 
6 

t(x) 

V(X) = exp(2 Gy + uy)[exp(uy) - I ]  

1 S i S k  

= x[(yi - Gy)2] / (k - 1) 1 I i S k Y 
2 

= exp( i$ + 0 . 5 ~ ~ )  

,2 ,2 
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- Table E-2. Monthly Average Permit Limit Calculations for 
Ten Samples or Less (continued) 

. 

k.95 = 95th' percentile n-day monthly average limit 
rD 8 2035 

495  = I 
Lmax [D8 exp( + zo&J] 8 < 0.95 

vith 2 . 4 - 1  [ (0.95 - 8 ) / (1 - 811. 
k-99 = 99th parentile nday monthly average limit 

ro 8 2 0.99 

4 9 9  = I 
max [D, exp( + zed] 8 < 0.99 

xi = daily pollutant measurement i 
k t sample size of data set 
D = detection limit (as established by the laboratory) 
r = number of nondetectr (XI rX28...,~ are 4 D) - 

= In(xj) Yi 
8 = r / k  

= Z(yi) / (k - 
= It( yi - Cly PI / ( k -  r -  1) 

.2 
Q Y 
&X') = 8 D + (1 - 8 ) exp( b + 0 . 5 0 ~ )  

k - r  = numberofdetects (%+I ,%+z,---,xJ( a= > D) 
for r+l s i s k 

r+l I i I k (exclude values SO from sum> -- 
r+l I i . l  k 

-- 
i Y  

.2 

O(x') = (1 - 8 ) exp(2 Cly + 6;) [exp( 6$ - (1 - 8 )] + 8 (1 - 8 )D[D - 2 exp( b + 0.5 $11 

= In((1 - 8") [1 + A + B + Cl} -2 
On 

uith 
A = O(X') / [n&X') - 8" D?] 
6 
C 

i n  

= - @" D2(1 - 8")] / ax') - 8" D)2 
= (2 8" D) / ax') - 8" D) 
= In[(@(*) - 8" D) / (1 - 8")] - 0.5 6: 

.L 
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Table E-3. Monthly Average Permit Limit Calculations for More Than Ten Samples 

The monthly average permit limit usually is based on the estimates of the 95th percentile of the distribution 
of the average of the daily effluent values. These daily values are assumed to be lognormally distributed. For 
sample sizes larger than 10, the averages (represented by the random variable Xn) are assumed to be normally 
distributed. 

k.95 

k.g, 

= 95th percentile nday monthly average limit 

= 99th percentile nday monthly average limit 
= &Xn) + 2.326 [g(XJ]1/2 

= qxn> + 1.645 [V&)]'/2 
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SAMPLING 

The objective of an effluent or instream sampling program is to  obtain a sample (or samples) from which a 
representative measure of the parameters of interest can be obtained. Unfortunately, many of the industrial and 
municipal National Pollutant Discharge Elimination System sampling protocols presently in use are carryovers 
from schemes used for calculating loadings of nutrients and oxygen-demanding substances, or were developed 
to evaluate treatment plant operational efficiency. Sampling for individual toxicants and particularly for 
effluent toxicity can require more specific (and thus different) sampling procedures. 

Wastewater variability is an important consideration in selecting the method and frequency of sampling for 
both chemical analysis and toxicity testing. Industrial waste characteristics have been shown to vary in 
frequency, intensity, and duration [l]. As noted by Bender [2], the sources of effluent variability include both 
random and systematic components that influence both daily and annual Characteristics of waste discharges. 
Although toxic pollutant loading may be of primary concern in assessing human health impact or 
bioaccumulation, loading may be of lesser importance in toxicity assessment than frequency, intensity, and 
duration of peak toxic discharge. Sampling must be tailored to  measure the type of toxicity of importance for 
that discharge: either long-term (chronic) impact, which is a more constant effect, or short-term (acute) impact, 
which is more variable and subject to peaks of intensity. 

There are several chemical parameters for which continuous analysis is possible. These include pH, temperature, 
dissolved oxygen, and other parameters involving instantaneous measurement. All other types of measurement 
involve some time period over which the analysis is conducted. Toxicity tests require an exposure period. 
Chemical tests require sample preparation and analysis. There is no continuous analysis method for toxicity. 

It should be noted that although it is difficult to  design a representative sampling program for toxicity 
analysis, the problems are of no greater magnitude than similar problems associated with obtaining a 
representative sample for conventional pollutants. 

Sampling Methods . .  
Continuous Flow Samples 
For toxicity testing, the test organisms may be exposed to  serial dilutions of a sample continuously pumped 
from the effluent pipe or ditch. In the case of effluents, i f  optimum accuracy i s  desired, then the ratio of 
effluent flow to test chamber volume can be scaled to simulate the time-varying concentration at the mixing 
zone boundary. 

.4lthough flowthrough methods can provide a realistic simulation of time-varying exposure, they are relatively 
expensive and are usually conducted on site. Therefore, flowthrough methods may only be practical where the 
goals of the analysis of impact require this type of testing or where treatment costs are sufficiently high that 
this type of analysis can be required. A flowthrough exposure method IS not a continuous analysis because only 
one result or data point IS obtained at the end of the test. However, the continuous exposure does provide some 
measure of time-varying exposure effects. 

Discrete Samples 
Grab or flow composited sampling provide a discrete sample for chemical analysis or toxicity testing. Static or 
renewal toxicity tests using discrete samples result in exposure of test organisms to a constant effluent 
composition over the period of the tests, or for the period between renewals. 

If discrete samples are collected during peak of effluent toxicity then constant concentration exposure static 
tests provide a measure of maximum effect. 

Depending on the duration of a peak and the compositing period, composited samples may not be useful for 
examining toxicity peaks because the compositing process tends to dilute the peaks. Composited samples are 
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usually appropriate for chronic tests where peak toxicity of short duration is of less concem. The averaging 
effect of compositing may be misleading when testing for acute toxicity. 

Crab samples must be collected at sufficiently frequent intervals to provide a high probability of sampling 
daily peaks. Fortunately static toxicity tests are relatively inexpensive and can be done on shipped samples; 
thus, it may be cost effective to conduct individual tests on a series of grab samples collected over a 24-hour 
period. 

. -$afnp//n# Frsqueacy 
.' - ,onrandom effluent variability, reiulting from batch processing, uariable 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 3hour interval. 

If costs or other constraints prohibit satisfactory daily and annual replication of sampling, then a level of 
uncertainty must be introduced into the calculations used to evaluate waste toxicity (see Section. 3, Table 3-1). 

Box F-1 presents EPA's recommendations on sampling methods. 
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Box F-1. Recommendations 

The initial sampling design step should involve stratification of sampling periods to account 
for nonrandom sources of variation (e.g., batch processing). The second step includes 
selection of the frequency and the method of sampling to be conducted within each sampling 
period. Depending on site-specific considerations, several options are available. 

Flowthrough Methods - Ideally, for both acute and chronic effluent toxicity tests, the 
exposure of biota should simulate the time-varying concentration at a predetermined point in 
the receiving water. For regulatory purposes, the critical point is often the edge of the mixing 
zone where the waste should exhibit neither acute nor chronic toxicity. Therefore, if 
warranted by site-specific factors, it i s  recommended that test biota be exposed to a 
continuously collected flowthrough sample of serially diluted effluent. If no systematic 
annual variations (e.g., batch processing), are known or suspected, flowthrough testing can be 
conducted at  a minimum of quarterly intervals for at least 1 year. 

Grab Sample Methods - Grab samples are recommended for chemical analyses and for acute 
and chronic toxicity tests where site conditions (such as wastewaters that are known to have 
relatively constant composition) do not require use of continuous flow methods. Grab 
samples of effluent or receiving water may be used for static or renewal acute toxicity tests, 
which may be conducted onsite or at a remote lab. The design of a toxics grab-sampling 
program must take into account the tradeoff between long-term and short-term sampling 
intensity. Where there is no ponding of wastes or retention time is insufficient for thorough 
mixing, it 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  recommended that 24-hour, continuous-flow composite samples be collected. 
Considerations of annual frequency are the same as those for grab samples. 
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THE DEVELOPMENT OF A BIOLOGICAL INDICATOR 
APPROACH TO WATER QUALITY~BASED HUMAN HEALTH 
Toxics CONTROL 

Current Approach 

With one exception (New Jersey), the chemical-specific approach to protecting human health is currently the 
only method used to reaulate 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 identlfying effluents of human health concem, 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 9307(a) "priority" pollutants. Moreover, 
the number of human health toxicants discharged far exceeds the "priority" pollutants list. 

3. The various chemical constituents of an effluent may resulting in synergistic, additive or 
antagonistic chemical effects. 

As a result of these limitations, biological indicator tests have been developed for human health impact 
effluent screening, including 'both in vitro and in vivo tests. Though not yet widely implemented, biological 
indicator test results can be important supplements to a chemical-by-chemical effluent charactenintion. 

Short-term biological indicator tests for human health impact screening are based on cellular-level responses, 
indicating whether the substances being tested are biologically active, and providing some measure of that 
activity. While these tests do not quantify the degree of toxicity to humans, they can be used to identify 
effluents with potential human health impacts, and regulatory priority-setting and targeting of dischargers for 
further chemical-specific analyses. Research is currently underway within EPA and in the private sector to 
evaluate various biological indicator test batteries for whole effluent analysis. 

Biological Indicator Tests 

Biological indicator tests include in vitrQ (test tube) and jn vivp (whole animal) tests which can help form the 
first tiers of a single chemical evaluation process. A battery of simple biological tests can be used to test for 
the major types of effects which are underlying causes of potential health impact, since each biological test 
measures a different type of response. The results of these tests can be used to decide whether more definitive 
(and more resource-intensive) testing is needed to identify actual problem pollutants. 

Test results can serve as triggers to additional chemical-specific analysis or more sophisticated definitive 
biological tests. Where results of these screening tools indicate potential health hazards, further 
characterization of the effluents, and regulation based upon toxicological data and/or chemical structure- 
activity relationships can proceed. If an effluent is extremely variable in other parameters, screening assays 
should be repeated periodically to ensure that potentially hazardous discharges are detected. Two types of 
biological indicator tests are discussed below: tests for non-threshold (no safe level exists) chemicals and tests 
for threshold (a safe level is presumed to otist) chemicals. 

c 

t 

111 

Gl 

E 



.I .. 

Genotoxicity Tests for Won-Threshold Chemicals 

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. Alteratiolos 
in the DNA of somatic cells can result in cancer or other diseases. 

, > Interpretation of genotoxicity test results assumes that DNA damage in nonhuman cells may be predictive of 
latent diseases in humans such as genetic disorders, birth defects, and cancer. EPA believes that genotoxicity 
tests for point mutations, numerical and structural chromosome aberrations, DNA damagehepair and in vitro 
transformation provide supportive evidence of carcinogenicity [US. EPA, 1979 and 1987~).  In addition, 
wastewater mutagenicity tests could be used to detect genotoxic activity which can adversely affect aquatic 
biota [Black, et. al., 1980). Several short-term assays have k n  developed which can assess genotoxic effects 
(discussed below). 

For example, a correlation has been established between animal carcinogens and positive mutagenic responses 
in the Ames Test. The Ames test is often used to assess point mutation effects. The original correlation study 
revealed that 90% of tested carcinogens were detected as mutagens, while 87% of noncarcinogens were 
identified as 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 xreening, 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 i s  
recommended [OECD]. EPAr Office of Toxic Substances and Office of Pesticides Programs also have published 
test methods [ U S .  EPA 1982a and 198Zbl that are consistent with the OECD tests. 

Most effluent samples need special preparation (for example, concentration) to produce a measwablf 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 v& tests are 
supplemented with extracts from mammalian livers which act as a source of enzymes. The extract enzymes act to 
mimic metabolic activation of procarcinogens and promutagens in humans, providing a more realistic picture 
of potential effects [US. 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) [US. EPA, 1979; Lave and Omenn; 
Environment Canada]. In addition to providing assays that detect different endpoints, a battery of tests can 
also be structured to minimize effort at the screening level while supplying more definitive data for samples 
failing the initial tier of testing. Positive results can lead to further effluent characterization, including 
priority and other pollutant chemical analyses, or mutagenicity testing of specific processes or effluent 
fractions. Another approach would be to evaluate the effects of various treatment or waste segregation 
techniques on mutagenicity [McCeorge, et. al., 19851. 

Many of the proposed test batteries utilize the Ames Assay as a screening level test because of its relatively 
high degree of sensitivity (i.e. a high percentage of carcinogens are Ames positive) and specificity (Le. a high 
percentage of noncarchogens are Ames negative) vennant, et. al., 19871. One study of 28 selected industrial 
discharges revealed that 11 of the 28, or 39%, produced positive results using the Ames Test (described below). 
Other test endpoints frequently covered in the initial tier of testing include mammalian cell chromosomal 
effects, mammalian gene mutation and microbial and mammalian cell DNA damage. 

Results of a recent National Toxicology Program project suggest that combinations of four of the most . - 

commonly used short-term tests covering these endpoints did not show significant differences in individual 
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concordance with rodent carcinogenicity results for pure chemicals [Tennant, e t  al., 19871. This suggests that 
if a sample causes only.one type of endpoint as measured by several screening level tests, its potential to cause 
human health effects should not be disregarded. 

To assess the potential carcinogen hazard, subsequent tests focusing on effluent-induced malignant changes in 
mammalian cells in vitro can be conducted. Highe! levels-of testing may include in vivo rodent testing or the 
Medaka (fish) tumor assay, for example. It should be not id that under existing guidelines, in VIVQ mammalian 
tumor assays are necessary to establish a material as a possible human carcinogen. Results from short t e ~  tests 
alone are considered as inadequate to establish human carcinogenicity [U.S. EPA, 1986~1. Guidelines for risk 
assessment of individual compounds are covered in U.S. EPA, 1986b and 1987c. 

- In tests on complex mixtures are extremely complicated and expensive given the variability intrinsic to 
effluents. As a result, it is recommended that after each tier of biological indicator testing, the cost of further 
refining the weight of evidence for carcinogenesis or mutagenesis be balanced against the cost of conducting a 
causative agent identification evaluation. Given the identity of the substance leading to positive results in 
short term in vitro tests, it should not be necessary to  generate in vivo dose-response data for risk 
characterization if these data are already available in the literature for the specific chemical. 

In addition, causative agent identification studies may be unnecessary if information on the physical and/or 
chemical characteristics of the toxicant is obtained. Such information may provide clues to appropriate 
effluent treatment technologies needed to reduce effluent mutagenicity. 

In weighing the need for more definitive biological assays against causative agent evaluation, the frequency 
(Le., how often the effluent tests positive) and intensity (e.g., revertants/liter) of the effluent’s mutagenicity 
must be considered. As a default assumption, a high dose of a carcinogen received over a short period of time is 
equivalent to a low dose spread over a life-time [US. EPA, 1986~1. While effluents which are highly variable 
in their mutagenicity are of concem, they will be more difficult and costly to deal with in subsequent phases of 
study. 

Accordingly, the initial tier of qualitative tests for human health effects assessment can be relatively 
inexpensive, rapid, and have a low rate of false negative results. Subsequent tests can be designed to increase 
confidence in the predictive nature of the results. Additional levels of testing may also provide diagnostic 
information on the characteristics of the causative agent(s) in the effluent. 

Subsequent tiers of testing should focus on a more concise assessment of risk. Such an assessment can be used to 
delineate hazard type; in effect, to separate germ cell mutations (heritable genetic risk) from carcinogen risk. 
Thus, to assess heritable mutation, subsequent testing should focus on mammalian germ cells, ultimately tested 
-- in vivo [US. EPA, 1986bJ. To assess potential carcinogen hazard, subsequent tests, focusing on effluent-induced 
malignant changes in in vitrQ mammalian systems should be conducted. .Ultimately, testing must result in a 
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 test results are used to  suggest the need for more intensive chemical- 
specific analyses of the effluent. New Jersey has incorporated a prohibition against discharging mutagenic 
compounds in amounts that are mutagenic into its “New Jersey Administrative Code” [N.J.S.A. Section 7:94.5 
(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 in vivo data) and human 
exposure. Human exposure assessment typically considers the composition and size of the population exposed 
and the types, magnitude, frequency and duration of exposures [U.S. EPA, 1986dI. 

Evaluation of Effluent Genotoxlcity Screening Results 

Control of human health hazards depends upon assessment of both the toxicological properties of the 
pollutants and the level of exposure. The permit authority should review the results of a human health toxicant 
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effluent screening program and establish the actions triggered by each level of .potential risk indicated. For 
example, a discharger with either a high exposure risk or a high effects risk might automatically be required to 
conduct a detailed assessment or institute controls. A medium risk in both exposure and effects might require 
further review of the data and a case-specific decision about whether to  require additional assessment. A 
medium effects risk and a low exposure risk might indicate the need for limited testing to ensure that the low is 
really indicative of the risk. Low risk in both exposure and effects should receive low priority for further 
assessment The bioconcentration evaluation procedures can be used to aid in defining exposure risk, as well as 
determining receiving water concentration. 

One possible tool for evaluating results of biological indicator effluent screening is .the 'relative potency 
approach," a concept used rather widely in radiation biology and chemical pharmacology. The relative 
potency of an effluent is the dose of a reference agent needed to produce an effect of a given magnitude in a 
particular bioassay, divided by the dose of the effluent needed to produce the same magnitude of the same 
effect in the same bioassay. A predictive battery of several short-term biological tests, when standardized to a 
reference agent, could prwide 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 docs not consider 
exposure through bioaccumulation. 

When screening has indicated a high potential for health hazard, further assessment should be required. A 
chemical-specific approach i s  recommended to evaluate and regulate the discharge constituents. The first half 
of this process involves characterizing the composition of the effluent. Typically, only a small fraction of the 
total organic carbon (TOC) can be accounted for as individual chemicals. Therefore, effort should be placed on 
identifying constituents through means other than chemical analysis, such as through a detailed process 
evaluation and/or toxicant characterization evaluation. 

A process evaluation is a study in which components in the wastewater are determined from an analysis oi 
feedstocks, manufacturing processes, products, by-products, and pollution control in place.- The nsult is a lisr 
of compounds or classes of compounds with a high probability of being present in the wastewater. Chemical 
analysis can also be conducted for not only the priority pollutants but also nonpriority pollutant peaks and 
bioconcentratable chemicals [EPA/600/XX-XX). IRIS and SAR can be used to determine the likelihood that a 
given compound is causing positive results in the bioassay. The toxicant characterization evaluation can 
providr information on the physical/chemical nature of the chemical producing positive bioassay results. . -  
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Summary of Current Biological Indicator Tests for Won-Threshold Human Health Toxicants 

The following tests a n  currently in use or under development for assessing carcinogenicity or mutagenicity: 

Salmonella WDhimurium Assay (Ames Test) [U.S. EPA, 1985 and 19831 
Bpckaroud : Strains of Salmonella requiring the amino acid, histidine, are exposed to a solvent 
extract of the effluent. Tests are performed with and without added rat liver enzyme for activation 
of indirect mutagens. The bacteria are grown on histidine-free medium; colony formation 
indicates the effluent contains mutagenic compounds capable of genetically altering the bacteria. 
EndDoint: Gene mutation; response measured in revertant colonies/L effluent. 
Advantaaes: 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, 
1 9881. 
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Pisadvantaaez : Requires metabolic activation and several different strains of salmonella to detect 
a broad range of compounds, requires extrapolation from prokaryot, use of effluent extract may 
exclude certain types of compounds, epigenetic carcinogens not detected. 
Qg: Approximately $1 200 [Lave and Omenn, 19861 

Fscherichia 5 0 5  Assay ( 5 0 5  Chromotest) [Quillardet; et-al., 19851. 
Backaround: All cells contain an "505"  enzymatic system for detecting and correcting errors in 
their genetic material. A strain of F coli has been genetically engineered so that DNA damage 
ultimately results in production of an enzyme which reacts with test reagents .to form a blue color. 
Bacteria are exposed to effluent or an extract of the effluent, with or without added rat liver 
enzyme for activation indirect mutagens. The intensity of color produced indicates the extent to 
which the effluent contains mutagenic compounds capable of damaging bacterial DNA. 
EndDoint: DNA damage; response measured as the change in optical density. 
Advantaaes: Simple kit commercially available, test requires c8 hrs to perform, relatively 
inexpensive. Test sensitivity, specificity documented [Quillardet, et.al., 19851. 
Pisadva n t a ae y : 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. 
QJJ: ?? 

Sister-Chromatid Exchange Assay (SCE) [Eckl, et. al., 19871 
Backaround: Sister chromatid exchange occurs when damaged DNA i s  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. - 

Endooint: DNA damage; response measured in SCE per chromosome/L effluent. 
Advantaas: Test i s  rapid, relatively inexpensive, does not require metabolic activation (therefore 
more realistic). .Uses mammalian cells, therefore results more readily applicable to humans. 
Pisadvantaaes: 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: I5000 [jirtle, 7989J 

HCPRT Assay with Chinese Hamster Ovary Cells (HCPRTKHO) [Hsie, et. al., 19811 
Backaround: Strains of Chinese Hamster Ovary cells in culture are exposed to the effluent or an 
extract of the effluent, with or without added rat liver enzyme. Mutagen interactions with certain 
sections of the DNA make the cell resistant to toxicants like 6-thioguanine. Cell survival is used 
to indicate both cytotoxicity (cell death) and genetic mutations resulting from effluent 
components. 
Endooint: Gene mutation; response measured in % survival/L 
Advantaaes: Test is rapid and uses a mammalian system. 
Disadvantaaes: Sensitivity, specificity not well documented, use of effluent extract may exclude 
certain types of compounds, epigenetic carcinogens not detected, requires metabolic activation. 
m: S6500 

Medaka Tumor-Assay .[US. EPA, 1988; US. EPA, 1989b.3 
Backaround: Larval fish are exposed to nonlethal concentrations of effluent for one month, this 
period is followed by a 5-month grow out period in clean water. At six months, fish are sacrificed 
and submitted for histopathological studies. 
Endooint: Tumor formation, response measured in frequency of tumors a t  a given site/effluent 
concentration. 
Advantaaes: Use of whole effluent, whole organism, oncogenic endpoint 
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Disadvantaap: Carcinogen levels in unconcentrated effluent may not be high enough to produce 
tumorspat 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 
rquires pathologist experienced in fish cancers, method sti l l  in developmental stages. 

m: 120,000 [Johnson, 19891. L 

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 expowreover a part of the average life span of an 
experimental animal. However, such studies are expensive ($100,000 and over) and beyond the cost constraints 
for most effluent analyses. As an alternative, a number of short-term in vitrQ tests utilizing mammalian cells 
have been developed [US. EPA, 1978; Brown and Fabro, 1982; 
Borenfreund and Puemer, 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 jn vitrp assays only serve to  qualify potential 
human health hazards. In the case of positive in vitrQ results, tests on intact mammals can be pursued in order 
to confirm screening test findings and establish a dose-response relationship. Altematively, causative agent 
evaluations resulting in either the identity of the toxicant or toxicity treatability data may be pursued. 

Wilson, 1978; Kimmel, et. al., 1982; 

Current Limitations of the Biological Regulatory Apptoacb 

At present, the use of biological indicator tests as a regulatory tool is limited for a number of-reasons. First, 
biological indicator information must be linked to  human exposure to wastewater components. To date, no 
definitive mechanism exists for interpreting the human health hazard implications of the biological test 
results. While many in vitrQ (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-ruponse 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 concem is  particularly relevant for those effluents 
containing chemicals which only become carcinogenic upon metabolism by mammalian systems (Le. 
procarcinogens). The use of cultured human liver cells (hepatocytes), currently being tested, would eliminate 
the need for interspecies extrapolation. 

Finally, whole effluent testing to assess potential human health impacts presents several unique practical 
problems such as the continual change in composition typical for most effluents, the need to concentrate 
samples to obtain a dose-response curve, and the need to  compensate for or eliminate interferences from 
cytotoxic (toxic to cells) components of the effluent. Only those components which occur in the relatively 
nonvolatile, nonpolar organic fraction of the effluent sample are conventionally measured. [Anderson- 
Camahan, article in preparation]. 

Until additional research resolves these difficulties, biological indicator tests will be most useful as screening 
tools, with actual regulation of effluents pdsing potential health hazards likely to  remain on a chemical-by- 
chemical basis. 
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REFERENCE DOSE (RFD): DESCR~PTION AND USE IN 
HEALTH RISK ASSESSMENTS 

Introduction 

This concept paper describes the US. Environmental Protection Agency's (US. 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, specifically carcinogenicity, mutagenicity, developmental toxicity, exposure, 
and chemical mixtures. (In this document the term "systemic toxicity" refen to  an effect other than 
carcinogenicity or mutagenicity 'induced by a toxic chemical.) 

. 
. 

.c 

Background a d  Sunrmaty 
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 i s  treated as if there is an 
identifiable exposure threshold (both for the individual and for populations) below which there a n  no 
observable adverse effects. This Characteristic distinguishes systemic endpoints from carcinogenic and 
mutagenic endpoints, which a n  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 US. EPA established the Reference Dose (WD) Work Group to address these concems. 

In preparing this report, the RfD Work Group has drawn on traditional report on risk assessmAtJNRC, 1983), to 
more fully articulate the use of noncancer, nonmutagenic experimental data in reaching regulatory decisions 
about the significance of exposures to chemicals. In the process, the Work Group has coined less value-laden 
terminology - "reference dose (RfD)," "uncertainty factor (UF)'; "margin of exposure (MOE)"; and "regulatory 
dose (RgD)" - to clarify and distinguish between aspects of risk assessment and risk management. These 
concepts are currently in general use in many parts of US. EPA. 

Traditional Approach to Assessing Systemic Toxicity 

The US. EPAs approach to assessing the risks associated with systemic toxicity is different f" its approach 
to assessing the risks associated with carcinogenicity, because of the different mechanisms of action thought to 
be involved in the two cases. In the case of carcinogens, the Agency assumes that a small number of molecular 
events can evoke changes in a single cell that can lead to uncontrolled cellular proliferation. This mechanism 
for carcinogenesis is referred to as 'nonthreshold," since there is theoretically no level of exposure for such a 
chemical that does not pose a small, but finite, probability of generating a carcinogenic response. In the case 
of systemic toxicity. however, organic homeostatic, compensating, and adaptive mechanisms exist that must be 
overcome before a toxic endpoint i s  manifested. For example, there could be a large number of cells performing 
the same or similar function whose population must be significantly depleted before the effect is seen, 

The threshold concept is important in the regulatory context. The individual threshold hypothesis holds that a 
range of exposures from zero to some finite value can be tolerated by the organism with essentially no chance 
of expression of the toxic effect. Further, it is often prudent to focus on the most sensitive members of the 
population; therefore, regulatory efforts are generally made to keep exposures below the population threshold, 
which is defined as the lowest of the thresholds of the individuals within a population. I 
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Dsscriptioa of dbe ltadttiomi W c b  - 
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 "nosbserved-adverseffect 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 concem. In an experiment with several NOAELs, the regulatory focus is 
normally on the highest one, leading to the common usage of the term NOAEL as the highest experimentally 
determined dose without a statistically or biologically significant adverse effect. The NOAEL for the critical 
toxic effect is sometimes referred to simply as the NOEL. This usage, however, invites ambiguity in that there 
may be observable effects that are not of toxicological significance (Le., they are not "adverse"). For the sake 
of precision, this document uses the term NOAEL to mean the highest NOAEL in an experiment. In cases in 
which a NOAEL has not been demonstrated experimentally, the term "lowest-observed-advers~ffect level 
(LOAEL)" is used. 

Once the critical study demonstrating the toxic effect of concem 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 pojSible 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 humah teeth), an SF as 
small as 1 might be selected. 

While the original selection of SFs appears to have been rather arbitrary (Lehman and Fitzhugh, 1954), 
subsequent analysis of data (Dourson and Stara, 1983) lends theoretical (and in some instances experimental) 
support for their selection. Further, some scientists, but not all, within the EPA interpret the absence of 
widespread effects in the exposed human populations as evidence of the adequacy of the SFs traditionally 
employed. 

Same Diff/cuities in Utiiking the Tradltiaaai Approach 

Scientific Issues 
While the traditional approach has performed well over the years and the Agency has sought to be consistent in 
i ts application, observers have identified scientific shortcomings of the approach. Examples include the 
following: 

a. 

b. 

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. 

As scientific knowledge increases and the correlation of precursor effects (e.g., enzyme induction) 
with toxicity becomes known, questions about the selection of the appropriate "adverse effect" 
arise. 

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. 

c. 
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These and other "scientjfic issues" are not susceptible to.immediate resolution, since the database needed is not 
yet sufficiently developed or analyzed. US. EPA work groups are presently considering these issues. : 

Management-related Issues 
The use of the term "safety factor" - The term "safety factor" suggests, perhaps inadvertently, the notion of 
absolute safety (i.e., absence of risk). While there is a conceptual basis for believing in the existence of a 
threshold and "absolute safety" associated with certain chemicals, in the majority of cases a firm experimental 
basis for th i s  notion does not exist. 

The Implication that any exposure In excess of the AD1 is "unacceptable" and that any exposure less than 
the AD1 i s  "acceptable" or "safe" - In practice, the AD1 is viewed by many (including risk managers) as an 
"acceptable" level of exposure, and, by inference, any exposun greater than the AD1 is seen as "unacceptable." 
This str ict  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 AD1 are associated with increased probability of adverse effects, that 
probability i s  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. 

- -  - . 

Possible 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 is 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 facton 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 "wrong"-Or "right"-than the rest. It is more nearly a reflection of 
the honest difference in scientific judgment. 

However, on occasion, these differences in judgment of the scientific data, can be interpreted asdifferences 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 absolute measure of safety. 

EPA Assessment of Risks Associated with Systemic Toxicity 

The US. EPA approach to analyzing systemic toxicity data follow the general format set forth by NRC in its 
description of the risk assessment process (NRC, 1983). The determination of the presence of risk and its 
potential magnitude is made during the risk assessment process, which consists of hazard identification, dose- 
response assessment, exposure assessment, and risk characterization. Having been apprised by the risk assessor 
that a potential risk exists, the risk manager considers control options available under existing statutes and 
other relevant non-risk factors (e.g., benefits to  be gained and costs to be incurred). All of these considerations 
go into the determination of the regulatory decision (Figure 1). I 
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Table 1 .  Guidelines for the Use of Uncertainty Factors in Deriving Reference 
Doses and Modifying Factors 

Standard Uncwtalnty F8cfafs (Ws): 
Use a 10-fold factor when extrapolating from valid experimental results in studies using 
prolonged exposure to average healthy humans. This factor is intended to account for the 
variation in sensitivity among the members of the human population and is referenced as 

' "10H". 

Use an additional 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 "1 OA". 

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 i s  
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 RfD from a LOAEL, instead of a NOAEL. 
This factor i s  intended to  account for the uncertainty involved in extrapolating from 
LOAELs to NOAEL and is referenced as "1OL". 

Modliylng Factor (MF): 
Use professional judgment to determine the MF, which is an additional uncertainty factor 
that i s  greater than zero and less than or equal to 10. The magnitude of the MF depends 
upon the professional assessment of scientific uncertainties of the study and data base not 
explicitly treated above; e.g., the completeness of the overall data base and the number of 
species tested. The default value for the MF is 1. 

'Source: Adapted from Dourson and Stara, 1983 

Hazard ldsntli l~tlon 

Evidence 
Type of effect - Exposure to a given chemical, depending on the dose employed, may result in a variety of toxic 
effects. These may range from gross effects, such as death, to more subtle biochemical, physiologic, or 
pathologic changes. In assessments of the risk posed by a chemical, the toxic endpoints from all available 
studies are considered, although primary attention usually is  given to the effect (the. "critical effect") 
exhibiting the lowest NOAEL. In the case of chemicals with limited data bases, additional toxicity testing 
may be necessary before an  assessment can be made. 

Principal studies - Principal studies are those that contribute most sianificantlv to the aualitative assessment 
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Figure 1. 

Conceptual Framework for Risk Assessment and Risk Management' 

- -. . 

Risk Assessment Risk Management 

_-_I..- 

Hazard Identification 
_ .  - 

. . -.- Control Options 

Dose-Response Assessment 
(e.g., RfD) 

I 

Non-risk Anblyses 

Risk Characterization >Regulatory Decision 
(e.g., Criterion) - (e.g., RgD, Standard) 

.Source: Adapted from NRC, 1983 r 
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. 

Animal studies - For most chemicals, there is a lack of appropriate information on effects in 
humans. In such the principal studii are drawn from experiments conducted on nonhuman 
mammals, most often the rat. mouse, rabbit, guinea pig, hamster, dog, or monkey. 

2. 

Supporting studies - These studies provide supportive, rather than definitive, information and can include 
data from a wide variety of sources. For exampk, 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 thc animal with the metabolism found in humark, it may be possible to assess the 
potential for toxicity 'in humans or to estimate the equitoxic dose in humans. 

r- 

Similarly, in vitro studies can provide insights into the chemical's potential for biological activity; and under 
cestain 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 investigation of a chemical with a particular route of 
exposure in mind (e.g., an oral exposure for a drinking water contaminant .or an inhalation exposure for an air 
contaminant). In most cases, the toxicologic data base does not include detailed testing on all possible 
routes of administration, with their possibly significant differences in factors such as mechanism-of-action and 
bioavailability. In general, the US. EPAs 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 US. EPA is concemed about the potential toxic effects in humans associated with 
all possible exposures to chemicals. The magnitude, frequency, and duration of exposure may vary considerably 
in different situations. Animal studies are conducted using a variety of exposure durations (e.g., acute, 
subchronic, and chronic) and schedules (e.g., single, intermittent, or continuous dosing). Information from all 
these studies is  useful in the hazard identification phase of risk assessment. For example, overt neurological 
problems identified in high-dose acute studies tend to  reinforce the observation of subtle neurological changes 
seen in low-dose chronic studies. Special attention is given to studies involving low-dose, chronic exposures, 
since such exposures can elicit effects absent in higher dose, shorter exposures, through mechanisms such as 
accumulation of toxicants in the organisms. 

Quality of the study - Evaluation of individual studies in humans and animals requires the consideration of 
several factors associated with a study's hypothesis, design, execution, and interpretation. An ideal study 
addresses a clearly delineated hypothesis, follows a carefully prescribed protocol, and includes sufficient 
subsequent analysis to support its conclusions convincingly. 

In evaluating the results from such studies, consideration is given to  many other factors, including chemical 
characterization of the compound(s) under study, the type of test species, similarities and differences between 
the test species and humans (e.g., chemical absorption and metabolism), the number of individuals in the study 
groups, the number of study groups, the spacing and choice of dose levels tested, the types of observations and 
methods of analysis, the nature of pathologic changes, the alteration in metabolic responses, the sex and age 
of test animals, and the route and duration of exposure. 

Weight-of-Evidence Determination 
As the culmination of the hazard identification step, a discussion of the weight-ofevidence summarizes the 
highlights of the information gleaned from the principal and supportive studies. Emphasis is  given to 
examining the results from different studies to determine the extent to  which a consistent, plausible picture of 
toxicity emerges. For example, the following factors add to  the weight of the evidence that the chemical poses 
a hazard to humans: similar results in replicated animal studies by different investigators; similar effects across 
sex, strain, species, and route of exposure; clear evidence of a dose-response relationship; a plausible relation 
between data on metabolism, postulated mechanism-of-action, and the effect of concern; similar toxicity 
exhibited by structurally related compounds; and some link between the chemical and evidence of the effect of 
concern in humans. 

Dose-Response Assessment 

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 and/or incidence of effect) also increases. This dose-response relationship i s  well- founded 
in the theory and practice of toxicology and pharmacology. Such behavior is observed in the following 
instances: in quantal responses, in which the proportion of responding individuals in a population increases 
with dose; in graded responses, in which the severity of the toxic response within an individual increases 
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'-with dose; and in continuous responses, in which changes in a biological parameter (e-g., body or organ 
weight) vary with'dose. 

In evaluating a doseresponse relationship, certain difficulties arise. For example, one must decide on the 
critical endpoint to measure as the "response.' One must also decide on the correct measure of "dose." In 
addition to the interspecies extrapolation aspects of the question of the appropriate units for dose, the more 
fundamental question of administered dose versus absorbed dose versus target organ dose should be considered. 
These questions are the subject of much current research. 

Selection of the Critical Data 
Critical study - Data from .experimental studies in laboratory animals are often selected as the goveming 
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 s e d  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 (Le., the species showing a toxic 
effect at the lowest administered dose) is used by risk assessors at US. €PA, since there is no assurance that 
humans are not at least as innately sensitive as the most sensitive species tested. This selection process is more 
difficult when the routes of exposure in the animal tests are different from those involved in the human 
situation under investigation. In order to  use data from controlled studies of genetically homogeneous 
animals, the risk assessor must also extrapolate from animals to humans and from high experimental doses to 
comparatively low environmental exposures, and must account for human heterogeneity and possible concumnt 
human exposures to other chemicals. 

Although for most chemicals there is a lack of well-controlled cohort studies investigating noncancer 
endpoints, in some cases an epidemiologic study may be selected as the critical data (e.g., in cases of 
cholinesterase inhibition). Risk assessments based on human d a p  have the advantage of avoiding the problems 
inherent in interspecies extrapolation. In many instances, use of such studies, as is the case with animal 
investigations, involves extrapolation from relatively high doses (such as those found in occupational 
settings) to the low doses found in the environmental situations to which the general population is more 
likely to be exposed. In some cases, a well-designed and well-conducted epidemiologic study that shows no 
association between known exposures and toxicity can be used to directly project an RfD (as has been done in 
the case of fluoride). 

. 
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Critical data - .In the simplest terms, an experimental exposure level is selected from the critical study that 
represents the highest level tested in which 'no adverse effect' was demonstrated. This "nwbserwd-adverse 
effect-level" (NOAEL) is the key datum gleaned from the study of the dose-response relationship and, 
traditionally, is the primary basis for the scientific evaluation of the risk -posed to  humans by systemic 
toxicants. This approach is  based on the assumption that if the critical toxic effect is prevented, then all 
toxic effects are prevented. 

More formally, the NOAEL is defined in this discussion as the highest experimental dose of a chemical at which 
there is no statistically or biologically significant increase in frequency or severity of an adverse effect in 
individuals in an exposed group when compared with individuals in an appropriate control group. As noted 
above, there may be sound professional differences of opinion in judging whether or not a particular response is 
adverse. In addition, the NOAEL is a function of the sue of the population under study. Studies with a small 
number of subjects are less likely to  detect low-dose effects than studies using larger numbers of subjects. Also, 
if the interval between doses in an experiment is large, it is possible that the experimentally determined 
NOAEL is lower than that which would be observed in a study using intervening doses. 

Critical endpoint - As noted under "Traditional Approach to  Assessing Systemic Toxicity", a chemical may 
elicit more than one toxic effect (endpoint), even in one test animal, or in tests of the same or different 
duration (acute, subchronic, and chronic exposure studies). tn general, NO& for these effects will differ. The 
critical endpoint used in the dose- response assessment is the effect exhibiting the lowest NOAEL I 
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Rsfsmnce Dose (RfD) 
The reference dose (RfD) and uncertainty factor (UF) concepts have been developed by the WD Work Group in 
response to many of the problems associated with ADls and SFs, as outlined under "Traditional Approach to 
Assessing Systemic Toxicity' above. The R f D  is a benchmark dose operationally derived from the NOAEL by 
consistent application of generally ordersf-magnitude uncertainty factors (UFs) that reflect various types of 
data sets used to estimate WDs. 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 is based on a professional judgment of 
the entire data base of the chemical. These factors and their rationales are presented in Table 1. 

The RfD is determined by use of the following equation: 

which is the functional equivalent of Equation 1. In general, the RfD is an estimate (with uncertainty 
spanning perhaps an ordersf-magnitude) of a daily exposure to the human population (including sensitive 
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime. The RfD is 
generally expressed in units of milligrams per kilogram of body weight per day (mg/kg/day). 

The RfD is  useful as a reference point from which to gauge the potential effects of the chemical at other doses. 
Usually, doses less than the RfD are not likely to be associated with adverse health risks, and are therefore less 
likely to be of regulatory concem. As the frequency and/or magnitude of the exposures exceeding the RfD 
increase, the probability of adverse effects in a human population increases. However, it should not be 
categorically concluded that all doses below the RfD are "acceptable" (or will be risk-free) and that all doses 
in excess of the RfD'are 'unacceptable" (or will result in adverse effects). 

The US. EPA is attempting to standardize i ts  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 WD. 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 doseresponse relationships, or that the reasons for existing 
differences are well understood. High confidence is often given to RfDs that are based on human data for the 
exposure route of concem, since in such cases the problems of interspecies extrapolation have been avoided. 
Low confidence indicates the judgment that the data supporting the RfD may be of limited quality and/or 
quantity and that.additiona1 information could result in a change in the RfD. 

7 .L 

Exposure Assessmmt 
The third step in the risk assessment process focuses on exposure issues. For a full discussion of exposure 
assessment, consult US. EPA's guidelines on the subject (US. 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 exp0s.d populations. 

Risk Characterization 
Risk characterization is the final step in the risk assessment process and the first input to the risk management 
(regulatory action) process. The purpose of risk characterization is to present the risk manager with a synopsis 
and synthesis of all the data that should contribute to a conclusion with regard to the nature and extent of the 
risk, including: 

a. 

b. 

c. 

The qualitative ("weight-of-evidence') conclusions as to the likelihoad that the chemical may pose 
a hazard to human health. 

A discussion of the domresponse information considered in deriving the RfD, including the UFs 
and MFs used. 

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 obserwd effects. 



d. 

e. 

Estimates of the  tu^ and extent of the e x w u r e  and the number and types of people exposed. 

Discussion of the overall uncertainty in the analysis, including the major assumptions made, 
scientific judgments employed, and an estimate of the degree of conservatism involved. 

In the risk characterization process, a comparison is made between the RfD and the estimated (calculated or 
measured) exposure dose (EED). The EED should include all sources and routes of exposure involved. If the EED 
is less than the WD, the need for regulatory concem is likely to be small. 

An altemative measure that may be useful to some risk managers is the margin of exposure (MOE), which is the 
magnitude by which the NOAEL of the critical toxic effect exceeds the estimated exposure dose (EED), where 
both are expressed in the same units. 

MOE = NOAEL (experimental dose) / EED (human dose). - 

When the MOE is equal to or greater than UF x MF, the need for regulatory concem 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, WD, EED, and MOE. 

Application In Risk Management 

Once the risk characterization is completed, the focus tums 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. include efficiency, ' timeliness, 
equity, administrative simplicity, consistency, public acceptability, technological feasibility, and -nature of 
the legislative mandate. 

These additional factors 

Because of the way these risk management factors may impact different cases, consistent - but not necessarily 
identical - risk management decisions must be made on a case-by-case basis. For example, the Clean Water Act 
calls for decisions with 'an ample margin of safety"; the Federal Insecticide, Fungicide and Rodenticide Act 
(FIFRA) calls for 'an ample margin of safety," taking benefits into account; and the Safe Drinking Water Act 
(SDWA) calls for standards which protect the public "to the extent feasible." Consequently, it is entirely 
possible and appropriate that a chemical with a specific WD may be regulated under different statutes and 
situations through the use of different "regulatory doses (RgDs)." 

That is, after carefully considering the various risk and nonrisk factors, regulatory options, and statutory 
mandates in a given case (i), the risk manager selects the appropriate statutory alternative for arriving at an 
"ample" or 'adequate" margin of exposure [MOEO]. As shown in Equation 2 below, this procedure establishes 
the regulatory dose, RgD(i) (e.g., a tolerance under FIFRA or a maximum contaminant level under SDWA), 
applicable to the case in question: 

RgD(i) = NOAEL / MOE(i) (Equation 2) 

Note that different RgDs are possible for a given chemical with a single WD. Note also that comparing the RfD 
to a particular RgD(i) is equivalent to comparing the MOE(i) with the UF x MF: 

RfD/RgD(i) = MOEO / (UF x MF). 

In assessing the significance of a case in which the RgD is greater (or less) than the RfD, the risk manager 
should carefully consider the case- specific data compiled by the risk assessors, as discussed under "Risk 
Characterization". In some cases, additional explanation and interpretation may be required from the risk 
assessors in order to arrive at a responsible and clearly articulated final decision on the RgD. 

It is generally useful to the risk manager to have information regarding the contribution to the WD from various 
environmental media (e.g., air, water and food). Such information can provide insights that are helpful in 
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choosing among available control options. However, in cases in which site-specific criteria are being 
considered, local exposures through various media can often be determined more accurately than exposure 
estimates based upon generic approaches. In such cases, the exposure assessor's role i s  particularly important. 
For instance, a t  a given site, consumption of fish may dearly 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. €PA 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 

, Turposes which is some fraction of the total RfD. Such an apportionment would explicitly acknowledge the 
Ysible additional exposure from ingestion of treated crops. The apportionment of the RfD would, in general, 

provide additional guidance for risk managers of the various media- specific programs. 

Other Directions 

In addition to the development of reference doses, the US. 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 
altemative 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 ot 
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-lifetime exposures. Finally, they are working on approaches to ranking the severity of 
different toxic effem. 

Hypothetical, Simplified Example of Determining and Using RfD 

Exp8rh"tal Results 
Suppose the US. EPA had a sound 90-day subchronic gavage study in rats with the data in Table 2. 

Analysis 

Determination of the Reference Dose (RfD) 
Using the NOAEL - Because the study is  on animals and of subchronic duration, 

UF = 10H x 10A x 10s = 1000 (Table 1) 

In addition, there i s  a subjective adjustment (MF) based on the high number of animals (250) per dose group: 
MF = 0.8. These factors then give UF x MF = 800, so that 

RfD = NOAEL/(UF x MF) = W O O  = 0.006 (mg/kg/day). 

II 
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Table 2. Hypothetical Data to Illustrate the Reference Dose Concept 

Dose . Observation Effect Level 
mglkglday 

0 C o n t r o h o  adverse effects observed 

1 No statistically or biologically significant differences 
between treated and control animals 

% decrease' in body weight gain (not considered to be 
of biological significance); increased ratio of liver 
weight to body weight; histopathology indistinguishable 
from controls; evaluated liver enzyme levels 

20% decrease. in body weight gain; increased. ratio of 
liver weight to body weight; enlarged, fatty liver with 
vacuole formation; increased' liver enzyme levels 

5 

25 

- 
NOEL 

NOAEL 

LOAEL 

'Statistically significant compared to controls. 

Using the LOAEL - If the NOAEL is not available, and if 2S mglkglday had been the lowest dose tested that 
showed adverse effects, 

UF = 10H x 10A x 10s x 1OL = 10,000 (Table 1). 

Using again the subjective adjustment of MF = 0.8, one obtains 

RfD = LOAEU(UF x MF) = 2518000 = 0.003 (mglkglday). 

Risk Characterization Considerations 
Suppose the estimated exposure dose (EED) for humans exposed to the chemical under the proposed use pattern 
were 0.01 mg/kg/day (Le., the EED is greater than the WD). Viewed altematively, the MOE is: 

MOE = NOAEUEED = 5 (mg/kg/day) I 0.01 (mg/kg/day) = 500. 

Because the EED exceeds the RfD (and the MOE i s  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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Page No. 1 
09/28/90 

CAS Chemical 
&r Ism 

USE ONLY FOR SCREENING Values f r a n  I R I S  9 /1 /90  
Consult I R I S  fo r  Update and Whenever Possible, S i t e  Speci f ic  

l i p id ,  Consurption and B i o a c c m l a t l o n  factors  Should be 
Used In Appl icat ion of RAC in  Regulatory Action. 

50000 formaldehyde 
50293 p,p'-DOT 
50328 OenzoCalpyrene 
51285 2,Z-Oini trophenol 
55 185 N- W i t rosodi e t  h y I ami ne 
56235 Carbon te t rach lo r i de  
56359 Tributylt ln oxide 
56382 Parathion 
57125 Cyanide, f ree 
57249 Strychnine 
57749 Chl ordane 

58902 2,3,4,6-Tetrachlorophenol 
60297 Ethyl ether 
60515 Dimethoate 
60571 D i e l d r i n  
62384 Phenylmercuric acetate 
62533 Ani I ine 
62737 Dichlorvos 
62759 I - N i  trosodimethylamine 
63252 Carbaryl 
M 1 U  formic ac id  
65850 Benzoic a c i d  
61561 Methanol 
67641 Acetone 
67663 Chloroform 
67721 Hexachloroethane 
70304 Hexachl orophene 
71363 n-Eutanol 

I 

-.1 SMW genms-Hexsch~orocyc~ohcxsne 

M t-i 

RfD 41. E a t i m t e d  RAC (me/l) RAC (mg/l) 
mg/kg/day fmg/kg/day  BCf R l :  10E-6 R l :  1 R - 6  

3% Lipid 0.0065 kg/day 0.020 kgfday ' 
consurpt Ion Consurpt ion 

0.2 
0.0005 

0.002 

0.0007 
0.00003 

0.02 
0.0003 
0.00006 
0.0003 
0.03 
0.2 
0.0002 
0.00005 
0.00008 

4. 

4. 

.. 

.. 
. 0.0008 .. 

ot 1 
2 
4 
0.5 
0.1 
0.01 
0.001 
0.0003 
0.1 

.. .. 
150 
0.13 .. 
1.3 

16 

0.0051 
0.29 
51 

.. 
0.014 

40000 
10960 
5.2 
0.40 
29.72 

87.6 

0.4 
3804 
146.8 
416 
0.77 
0.4 
32. 04 
0.58 
0.84 
0.b 
0.b 
12.2 

4.92 
0.4 
0.4 
5.56 
700 

0.71 
' 40000 

0.0001 

4 
0.0002 
0.005 

8 
0.000002 
0.00002 
0.8 
3000 
6 
0.00002 
2 
2 
0.1 
0.0005 
90 

9000 
14000 

20 
0.001 
0.00008 
2000 

0.00004 

1 
0.00006 
0.0009 

3 
0.0000007 
0.000007 
0.3 
900 
2 
0.000007 
0.5 
0.7 
0.3 
0.0002 
30 

3000 
c000 

6 
0.0004 
0.00002 
500 

1.9 
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CAS Chemical 
nuher M w  

USE ONLY FOR SCREENING Values Iran IRIS 9/1/90 
Consul t  IRIS f o r  Update and Uhenever Possible, S i t e  Speci f ic  

l ip id ,  Consurption and Bioeccunulstion factors Should be 
Used in Appl icat ion of  RAC in Regulatory Action. 

71432 Benzene 
71556 1 , 1 , 1 - Ir ichloroethane 
72208 Endrin 
72435 Methorych I or 
72548 p,p@”0 
72559 p.pO -DOE 
74839 Braanethbne 
74908 Hydrogen cyanide 
EOSI A c e t o n i t r i l e  
BO70 Acetaldehyde 

75150 Carbon d i s u l f i d e  
75252 Eranoform 
75274 B r d i c h l o r o m c t h a n c  
75354 1,l -D l ch lorocthy l  ene 
75694 t r i ch lo ramno f  luoranthsne 
75718 Dichlorodi f lwramethsne 
75876 Chloral 
75990 Dalapon, sodium s a l t  

76448 Heptachlor 
77474 Hexach Ioracyc l  opent adi ene 
77781 Dimethyl s u l f a t e  
78002 Tetraethyl  lead 
78480 Merphos oxide 
78591 Is@orom 

7 w  2-Chlorobutsne 
78933 Methyl e thy l  ketone ’ 

- 75092 Dichloramethahc r; 

76131 CFC-113 

7M31 Isobutyl d c o h o l  

.. 
0.09 
0.0003 
0.005 .. .. 
0.0014 
0.02 
0.006 

0.06 
0.1 
0.02 
0.02 
0.009 
0.3 
0.2 
0.002 
0.03 
30 
0.000s 
0.007 

.4 

.. 

0.029 

.* .. 
0.24 
0.34 

.. 
0.0075 

0.0079 

0.6 

4.5 .. .. 
0.000000 1 
0.00003 
0 .2  0.004,1 ~ 

0.3 

0.05 .. .. .. 

Esthuhted RAC ( a g / l )  RAC (mg/l) 

SX Lipid 0.0065 kg/day 0.020 kg/day 
ECF RL: 10E-d RL: l a - 6  

7.84 
14.52 
32.04 
2564 
12840 
40000 
1.13 

0.4  
0 .b  
1 . I S  

11.92 
7.16 
7 44 
13.36 
6 
3.23 
2.31 
63.2 
692 
74 4 
0.b 

9 
i 0.56 

IS .5 
0.4 

consurpt i 011 

0.05 
70 
0.1 
0.02 
0.000004 

10 

200 

0.9 

0.1 
30 
0.002 
200 
coo 
7 
100 
5000 
0.000004 
0.1 

o.ooooooa 

0.3  
6000 

1000 

Cmsurpt im 

0.01 
20 
0.03 
0.007 
0.000001 
0 . 0 m 0 2  
4 

50 

0.3 

0.05 
10 
0.0008 
80 
100 
2 
50 
2000 
0.000001 
0.03 

0.09 
2000 

400 

I 1  rl il 
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79002 1,1,2- 1 r i c h l  oroe thane 
79016 t r i ch lo roe thy lene 
79061 Acry lm ick  
79107 Acry l i c  ac id  
79221 Wethyl chlorocnrbcmnte 
79345 1,1,2.2- l e t  r rch lo roe t  h a m  
80057 Bi rhpmo l  A. 
81812 Uar fa r in  
826M Pentachloronitrobenrene 
83794 R o t e m  
M U 2  Die thy l  phthalate 
04720 Ethylphthaly l  e thy lg lyco ln te  
04742 Dibuty l  phthalate 

15449 Phthnl I C  anhydride 
85687 Buty l  benzyl phthalate 
85701 Butylphthaly l  bu ty lg lyco la te  
86306 I -Witrosodiphenyimlne 
87683 Hexachlorobutadiene 
87821 Hensbr&bentene 
87865 Pentachlorophenol 
86062 2,4,6-lrichlorophenol 
l!UM57 Dinoseb 
9 194 1 3,s 8 - d i c h I or obenr i d  i ne 
92524 1,l -Biphenyl 
92875 Benzidine 
93652 HCPP 
93721 Z,C,S-lP 
93765 2,C, 5 - 1 r i ch l  orophenonyace t i c  ac i d  

85007 Diquat 

0.004 

0.0002 
0.08 

*. 

.. .. 
0.05 
0.0003 
0.003 
0.004 
0.8 
3 
0.1 
0.0022 
2 
0.2 
1 

0.002 
0.002 
0.05 

0.001 

0.05 
0.002 
0.003 
0.008 
0.01 

.. 

.. 
4. 

0.057 
0.011 
4.5 

0.20 

.. 
4. 

.. 
0.0049 
0.078 

0.45 

230 
*. I 

.. 

E B t i m t c d  RAC (nrg/l) RAC ( - / I )  
BCF RL: 1M-6 RL: 1M-6 
3X L i p i d  0.0065 kg/day 0.020 kg/dsy 

6.64 
9.04 
0.1 
0.4 

19.52 
166.8 
1.76 
1160 
91.2 
17.2 
7.92 
800 

1120 
372.4 
50 
397.2 
1560 
1568 
106 
239.2 
117 
243.2 

48 
1b3.2 
81.6 

\ 2.8 I 

Conrurpt ion 

0.03 
0.1 
0.006 
2000 

0.003 
3 
0.7 
0.03 
0.s 
500 
4000 
1 

2 
30 
0.04 
0. OOOb 
0.005 
0.2 

0.05 
0.0002 
2 
0.00002 
0.7 
0.6 
I 

C o M u r p t i o n  

0.009 
0.05 
0.002 
700 

O.OOO9 
1 
0.2 
0.009 
0.2 
200 
1000 
0.4 

0.6 
9 
0.01 
0.0001 
0.002 
0.07 

0.01 
0.00007 
0.7 
0.000005 
0.2 
0.2 
0.4 

t 1  ‘W 
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USE O N L Y  FOR SCREENING Values f ran  I R I S  9/1/90 
Consult IRIS for  Update and Whenever Possible, S i t e  Specific 

Lipid, Consurption and B i o a c c m l a t i o n  factors Should be 
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CAS Chemical 
nurkr lam 

94746 HCPA 
94757 2,4-Dichlorophmoxyacetic ac id  
94815 MCPB 
94826 4- (2,b -D l c h l  orophenonybut y r  i c ac id  
95487 o-Cresol 
95498 o-Chlorotoluene 
95501 1,2-Dichlorobenzene 
95578 2-Chlorophenol 
95658 3,4 -0 ime thylphmol 
95943 1,2,4,5 - I et  r ach I o r o k n z  ene 
95954 2,4 ,5- l r  i chl orophenol 
96184 1.2.3- l r  i ch loropropan 
98011 f u r f u r a l  
98077 Benzot r i c h l  or i d e  
90828 Cunene 
98862 Acetaphenone 
98953 l i t robenzm 
99354 1,3,5- l r in i  trobcnzene 
99650 . -D id  t r o b e n 2 m  

a' 

100414 Ethylbenzene 
looC2S L t y r m  
100447 Benzyl ch lo r i de  
100527 Ienzaldehyde 
101213 Chlorprophm ( C I P C )  
101553 p - l l r d i p h e n y l  ether 
101611 44'Methylenebir(NN'dirrthyl )ani I ine 
103231 O i  - (2- e thy l  hexyl )adi pet e 
103333 Azobenzene 
105602 Caprolactam 

RfO 41. E s t i m t c d  RAC mg/i) RAC (w/i) 
mg/kg/day /mg/kg/day B C f  RL: 1OE-6 R L :  10E-6 

3% l i p i d  0.0065 kglday 0.020 kgfday 
C w u n p t  i on  Comurpt ion 

0.0005 
0.01 
0.01 
0.008 
0.05 .. 
0.02 
0.09 
0.005 
0.001 
0.0003 
0.1 
0.006 
0.001 

0.04 
0.1 
0.000s 
0.00005 
0.0001 
0.1 
0.2 

0.1 
0.2 .. 6. . 
4. 0.046 
0.7 

0.5 

.b 

.. .. 

.. 
0.17 

0.11 

27.32 
20.96 
50.4 
38.56 
7.6 
88 
1 03 
8.8 
24.72 
1404 
176.4 
5 .M 
0.54 
283 
138 
2.82 
4 -92 
1.93 
3.08 
66.8 
29.24 
21 .S 
2.42 
96.4 
2179 
8aa 

175.2 
0.4 

I .  

! 40000' 

0.2 
5 
2 
2 
70 
2 
9 
6 
0.4 
0.002 
6 
10 
60 

3 
400 
1 
0.3 
0.b 
20 
80 
0.003 
500 
20 

0.0003 
0.2 
0.0006 
10000 

0.06 
2 
0.7 
0.7 
20 
0.8 
5 
2 
0.1 
0.0007 
2 
4 
20 

1 
loo 
0.4 
0.09 
0.1 
5 
20 
0.001 
100 
7 

o.ooO09 
0.06 
0.0002 
4000 

n I 1  r 1  Fl 
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USE ONLY fOR SCREENING Values from IRIS 9/1/90 

Lipid, consurption a& B l o a c c w l a t i o n  Factors Should be 
Used in Appl icat fon of RAC in Regulatory Action. 

Consult IRIS fo r  Update and Wenever Possible, S i t e  Specif ic 

CAS Chemical 
nurbcr Name 

106376 1,4-Dlbrcmobcnzene 
1W45 p-Cresol 
106478 p-Chloroanll  lm 
106898 Eplchlorohjdrfn 
106934 1.2-0 I branwn t ham 
106990 1,3-ButodIene 
107028 Acrolein 
101051 A l l y l  ch lo r lde  
107062 1,2-Dlchloroethane 
107131 Acrylonl tr I le 
107106 Ally l  alcohol 
107211 Ethylene g lyco l  
lOnO2 C h l o r m t h y l  methyl ether 
108101 Methyl Isobutyl  ketone 
imi6 Maleic ahvctride 
106394 m-Cresol 
108452 m-Phenylenedimim 
108M3 toluene 
108907 Chlorobenzene 
108918 Cyclohexylamine 
10895 1 C yc I oh ex anone 
108952 Phenol 
109693 1 - Chl or& t one 
110009 Furan 
110543 n-Hemane 
110861 Pyridine 
111444 Bls(chloroethy1)ether 
114261 Baygon 
115297 Endosulfan 

- 
in 

W 

0.01 
0.05 
0.004 
0.002 .. .. .. .. .. .. 
0.005 
2 

0.05 
0.1 
0.05 
0.006 
0.2 
0.02 
0.2 
5 
0.6 

0.001 

0.001 

0.004 
0.00005 

.. 

.4 .. 
. .. 

.. 
0.0099 
85 

4. 

910 
0.54 

.. 

.. 

.. .. 

.. 

.. " 8.8 

1.1 

c - f  

Est l lv l ted RAC (mg/l) RAC (mg/l) 
BCF 
3X L i p l d  

181.2 
7.6 
5.32 
0.4 
3.76 
'5.08 
0.4 
2.20 
2.26 
0.4 
0.4 
0.4 
0.4 
1.38 

7.6 
0.4 
25.52 
28 
1.92 
0.69 
2.33 
15.5 
1 .TI 
179 

consunpt Ion 

0.6 
70 
8 
3 
0.00003 

o.ooM)o5 
0.05 
100 
60000 

400 

70 
200 
80 
8 
1000 
80000 
3000 

6 

RL: 1OE-6 RL: 1OE-6 
0;0065 kg/day 0.020 kgfday 

0.53 20 
0.98 0.01 
2.81 20 

Consurpt Ion 

0.2 
20 
2 
0.9 
0.00001 

0.000002 
0.02 
40 
20000 

100 

20 
50 
30 
3 
400 
30000 
900 

2 

7 
0.001 
5 

h 
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CAS Chemical 
" k r  N m  

USE ONLY FOR SCREENING Values from I R I S  9/1/90 
Consult I R I S  f o r  Update and Uhenever Possible, S i te  Specif ic 

l ipid, Consurption and B i o a c c w l a t i o n  Factors Should be 
Used in Appl icat ion of RAC in  Regulatory Action. 

115322 Dico fo l  
116063 Ald icarb  
1 1 78 1 7 0 i I ( 2 -e t  h y I h ex y I ) ph t h a I a t  e 
118741 Hexachlorobenzene 
118967 2,4,6-lr ini  t r o t o l w n e  
120127 A n t h r r c m  
120616 Dimethyl terephthalate 
120821 1,2,4-Irichlorobenzenc 
120032 2,Z-D l c h l  orophenol 
121142 2,4/2,6-Dlnltrotolucne mixture 
121697 W - N - D i ~ t h y l ~ i l l ~  
121755 Malathion 
121824 ROY 
122349 Sins t ine  
1223V4 Dlphenylmine 
122429 P r @ w  
122667 1.2-Dlphenyl hydrazine 
123331 Maleic hydrazide 

124403 Dimthylamine 
124481 Dibromochloranethane 
126987 Mcthacryloni t r i l e  
127184 l e t  r achl oroe t hy I em 
129000 Pyrene 
131113 Dimethyl phthalete 

133062 Captan 
133073 Folpet 
133904 Chlorsntwn 

b 

123911 1 , Z - D i o x a ~  

. 1318% 4,6-Dinitro-o-cyclohexyl phenol 

I 1  / 
/ 

.. .. 
0.02 
0.0008 
0.0005 
0.3 
0.1 

0.005 

0.002 
0.02 
0.003 
0.002 
0.025 
0.02 

0.5 

.. 

.. 

.. 
4. 

.4 

0.02 
0.0001 
0.01 
0.05 

0.002 
0.013 
0.1 
0.015 

.. 

0.44 

0.014 
.. 
.. .. 
0.68 

0.11 .. 
0.80 

0.011 .. 
.. .. 

I. I, 

0.0035 

E s t f m t e d  RAC (mg/l) RAC (@?/I) 

3X Lipid 0.0065 'kg/day 0.020 kg/day 
Consurpt ion consurption 

BCF R l :  1M-6 RL: 10E-6 

9680 
1.21 
40000 
1 moo 
2.27 
550 
11.56 
381.6 
42 
5.96 
11.16 
3.83 

15.36 
115.2 
13 
35.36 
0.4 
0.4 
0.4 
9.24 
0.42 
38.72 
1280 
2.51 
800 

\ 

8.24 

0.000003 

0.00002 
0.0005 
2 
6 
100 

0.8 
0 .  OO? 
2 
60 

1 
2 
10 
0.0004 
10000 
3 

20 
3 
3 
0.3 

0.03 

20 

0.0000008 

0.000006 
0.0001 
0.8 
2 
30 

0.3 
0.0009 
0.6 
20 1 

0.5 
0.8 
4 
0.M)Ol 
4000 
0.8 

8 
0.8 
0.9 
0.08 

0.009 

6 

m 



Page No. 7 
09/28/90 

CAS Chemical 
nurkr Usme 

USE ONLY fOR SCREENING Values (ran I R I S  9/1/90 
Consult lR lS  for Update and Whenever Possible, Si te  Specif ic 

l ipid, Cansvrption and Bioaccunulation factors Shw ld  be 
Used in A ~ p l i c a t i o n  of RAC in Regulatory Action. 

137268 Thiram 
139402 Propsi ine 
141662 l i d r l n  
141786 Ethyl  acetate 
143339 Sodium cyanide 
165733 Endothat I 
148185 Sodim dlcthyldl th iocarbsmste 
150505 Merphos 
151508 Potassiun cyanide 
156605 trsns-l,2-Dlchloroethylene 

298000 Methyl parathion 
298044 Disu l fo ton  
300765 Naled 
302012 Hydrazine/Hydraiine su l fa te  
309002 Aldrin 
319846 alpha-Hcrachloracycldrcrane 
319857 k ta -  Herachl orocyc I oheranc 
319868 dtlta-Herachlorocycldrera~ 
330541 Diuron 
330552 Linuron 
460195 Cyanogen 
504245 4-Aninopyridine 
506616 Potassiun s i l v e r  cyanide 
506649 Si l ve r  cyanide 
506683 Cyanogen brani’de 
506774 Chlorine cyanide 
507200 1-Butylchlor ide 
510156 Chlorobent i ls te 

I 206440 Fluoranthene - 
v 

0.005 
0.02 
0.0001 
0.0 
0.04 
0.02 
0.03 
0.00003 
0.05 
0.02 
0.04 .. 
0.00025 
0. ooooc 
0.002 

0.00003 17 
3.0 

6.3 
1.8 

.. 

.. .. 
4. .. 
0.002 
0.002 
0.04 

0.2 
0.1 
0.09 
0.05 

0.02 

.. .. 

.. .4 

OCF 
3X L i p i d  

47.2 
0.4 
0.54 

0 . b  

2.5 
1280 
25 .48 
60 
65.9 

1638 
146.8 
146.8 
146.8 
23.56 
51.6 

0.4 

,, ! 0 1 

12.2 
434 

. 
I 1  r r  

RL: 10E-6 RL: 10E-6 
0.0065 Lgfday 0.020 kgfday 
consurpt i on 

5 -  
3 
20000 

600 

90 
0.3 
0.1 
0.007 
0.3 

0. 0000004 
0.00001 
0.00004 

0.9 
0.4 

0.5 

Consurpt i on 

1 
0.9 
6000 

200 

30 
0.1 
0.03 
0.002 
0.1 

0.0000001 
0.000004 
0.00001 

0.3 
0.1 

0.2 



Page No. 8 
09/28/90 

CAS Chemical 
mher Ysnw 

USE ONLY FOR SCREENING V ~ I U C ?  from IRIS 9/1/90 
Consult IRIS fo r  Update and Uhenever Posslble, Si te  Specific 

l ipid, Consurptlon and Bioaccmulat ion factors Should be 
Used in Appl icat ion of RAC in Regulatory Ac t ion .  

541731 1,3-DichIorobenzene 
542621 D a r i m  cyenide 
5427% 1,3-Dlchloroprapenc 
54211 Dl r (ch lorbncthy l  le ther  
544923 Copper c y a n l k  
556807 Yl t roguanldine 
556807 YI troguanidine 
557211 flnc cyanide 
563122 Ethlon 
563688 t h a l l l m  acetate 
5 76261 2,6 - D i IIC t h y l ph~nol 
592018 Calciun Cyanide 
598776 1,1,2-lrichloropropsne 
600731 tceh-Hexachlorocyclohexane 
600935 Pentachlorobeniene 
615543 1,2,4-lribranobcnzene 
621647 1 - H i  trosodl-Y-propylamine 
630101 Sclmouree 
630206 1 , 1 , 1 ,2- l e t  rachlorocthane 
709988 Propanil 
732116 Phosnt  
BOP44 S-Ethyl d ipropy l  thiocarbamate 
765344 G I  yc i 6/al deh ydc 
854128 h t r y n  
886500 tcrbutryn 
924163 I - W i  t r oso -d l  -n-buty lsmim 
930552 1 - 1 1  trosopyrrol i d i ne  
944229 Fooofos 
950378 Me t h  Idat h i on 

.. 
0.07 
0.0003 

0.005 
0.1 
0.1 

0.05 
0.0005 
0.00009 
0.0006 
0.04 
0.005 
0.003 
0.0008 
0.005 

0.005 
0.03 
0.005 
0.02 
0.025 
0.0004 
0.009 
0.001 

4. 

.. 

.. .. 
0.002 
0.001 

.. 

.. 
220 

.. 

.. 
1.8 

7.0 

5 . 4 1 .  \I 8 

2.1 

BCF 
3% l i p i d  

103 

2.94 
1 .os 

191 

24.72 

17.4 
146.8 
5120 
5 24 
1 .a5 

39.72 
101.2 
15.2 
68.4 

40.4 
83.6 
12.66 

193.6 
; ,O.Y ,: 

RL: 1OE-6 RL: 10E-6 
0.0065 kg/day 0.020 kg/dsy 
ConsLnpt ion Consurpt ion 

1 
0.00005 

0.03 

0.3 

3 
0.00004 
0.002 
0.1 
0.0009 

8 
0.5 
10 
4 

2 
0.1 
0.0002 
0.01 
0.1 

0.4 
0.00002 

0.009 

0.01) 

1 
0.00001 
0.0005 
0.03 
0.0003 

3 
0.2 
4 
1 

0.8 
0.04 
0.00005 
0.004 
0.04 

8 1  t - 1  F l  



Page No. 9 
09/28/90 

USE ONLY fOR SCREENING Vslvcs from IRIS 9/1/90 
Consult IRIS f o r  Update snd Whenever Possible, S i t e  Specif ic 

Used in App l lc r t ion  of RAC in Regulstory Action. 
Lipid, Consurption snd B i o s c c w l a t i a i  Factors Should be 

CAS themlcsl 
nurbcr Inme 

E37517 DI@iennmid 
961 1 15 l e t  roc h I orov i  *os 

102b573 Meptachlor epoxide 
1071836 Clyphosatc 
1116547 Y-Ni trosodlethsnol m i n e  
1163192 D e c a b r d i p h e n y l  ether 
131b325 l h a l l l c  or ide  
1314621 Vanaditan pentoxide 
13lb8b7 Z i n c  phosphide 
1330207 Xylenes 
1332215 Asbestos 
1336363 Pol ychl o r  i ns  t ed biphenyl s 
1445756 Dllsopropyl  methyl phosphonatc 
1563662 Carbofuran 
1582098 t r i f l u r a l i n  
15V6045 Alar ' 

1610180 Prometon 
164&!K% Atdicsrb sul fone 
1689845 llranoxyni I 
1689992 Drcmoxynil octanoste 
1861321 Dacthsl 
lMlbO1 Benef in 
l8V7bS6 Chlorothaloni I 
lVloC25 Paraquat 
1912249 Atrazine 
1918009 Dica&s 
1918021 Picloram 
1918167 Propachlor 
1929777 Vernnm 

- a 

R I D  91. Ertimsted RAC (mg/l) RAC (mg/l) 

3X Lipid 0.0065 kg/day 0.020 kg/day 
Rl: 1OE-6 Rl: 1oE-6 mg/kg/day /mg/tg/dsy BCC 

consulpt ion Consurpt ion 

0.03 
0.03 
0.00001 3 
0.1 .. 
0.01 

0.009 
0.0003 
2 

64 

.. .. 
0.08 
0.005 
0.ooff 
0.15 
0.015 
0.0003 
0.02 
0.02 
0.5 
0.3 
0.015 
o.ooc5 
0.005 
0.03 
0.07 
0.013 
0.001 

9.1 

2.8 
.. 
.. .. 
.. .. 
7.7 

0.0077 

.. 

10.72 
6b.8 
13.72 

0.b 
40000 

0.4 
12.32 
17M 
0.b 
40.8 
0.b 
36.36 
5800 
327.6 
17lls 
178.2 

, 26.96 

11.56 
16.72 
1Tp.2 

\. I 

,. ' lb.08 ' 

30 
5 
0.00009 

0.01 
0.003 

2000 
b 
0.0008 
b000 
b 
8 
6 
0.04 
20 
2 
0.0 

2 
20 
70 
9 
0.06 

10 
2 
0.00003 

0.003 
0. oow 

700 
1 
0.0003 
1000 
1 
3 
2 
0.01 
5 
0.6 
0.3 

0.6 
7 
20 
3 
0.02 

t l  
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09/26/90 

USE ONLY fOR SCREENING Values from I R I S  9/1/90 
Consult IRIS f o r  Update and Whenever Possible, S i te  Specific 

Lipid, Consunption and B i o e c c w l a t i o n  Factors Should be 
Used in  A p p l  i ca t  Ion of RAC in Regulatory Act ion. 

CAS Chemical 
&r Mame 

E s t l w t e d  RAC (mp/ l )  RAC (-/I) 
RL: 1OE-6 RL: 10E-6 

3X Lipid 0.0065 kg/day 0.020 kg/day 

RfO 41. 
ng/kg/day /ng/kg/by BCF 

consunpt i on consunpt ion 

1929824 Wi t rapyr in  
2006415 Buty la te  
20504?? pop' -D I brcmodi@wnyl e t  her 
2104645 EPW 
2164172 f luometuron 
2212671 Mol ina te  
230317S I r l a l l a t e  
2310170 Phosalone 
2312358 Propsrgl t e  
2385855 Mirex 
2425061 Cspt r fo l  
2439103 O o d l n e  
2691410 Octahydro- 1,3,5,7- t e t ran l  t r o -  1,3,5, 
2921MZ Ch lorpyr i fo r  
33W71l Asutam 
3609245 Ie t raethyld i th i~rophosphatr  
5234684 Carboxin 
5902512 te rbac i l  
6108107 epsllon-Hexachlorocycloheranc 
6533739 I h a l l  lun carbonate 
7287196 Prametryn 
7439921 Lead and carpoudr 
7459965 Manganese 
7439976 Mercury, ( inorganic)  
7440020 Nickel  , sollrble s a l t s  
7440144 R e d l u n  226 and 228 
7440144 Redim 228 (and 226) 
7440224 S i  I ver 
7440360 Ant i m y  

0.0015 
0.1 

0.00001 
0.013 
0.002 
0.015 
0.0025 
0.02 
0.000002 
0.002 
0.004 
0.05 
0.001 
0.05 
0.0005 
0.1 
0.013 

O.M)MI8 
0.004 

0.1 

0.02 

.. 

.. 

.. .. .. .. 
0.003 
0.0004 

79.2 
292 
11882 
648 
10.08 
35.28 
388 

0.2 
4 

0.07 
1 .. 

0.0002 
10 
0.6 
0.4 

0.00005 
5 
0.2 
0.1 

752 0.00003 0.000009 

600 
0.4 

0.04 
1000 

0.01 
500 

3.37 
5.4 
146.8 

300 
30 

100 
8 .. 

4. 

71 .2 0.6 0.2 .. .. 

l i  il 



Page No. 11 
09/26/90 

CAS Chemical 
nurtKr Neme 

USE ONLY fOR SCREENING Values f r a  I R I S  9/1/90 
Consult I R I S  for Update and Vhenever Possible, S i t e  Specif ic 

Lipid, Consurption end  B ioaccuwle t ion  rectors  Should be 
Used i n  Appl icat ion of RAC in  Regulelory Action. 

1440382 Arsenic, 1 norgani c 
7440393 Bar iun 
1440417 B e r y l l i u n  
1440428 loron (Boron and Borates only) 
1440439 C&ium 
7440473 Chromiun(V1) 
7440508 Copper 
1440611 Uranium, na tura l  
1446166 l h a l  I lun( 1 )  SUI f a t e  
m3lCO Ilhi t e  phosphorus 
7773060 Amnoniun su l fans tc  
778241.4 fluorine ( s o l t b l e  f luor ide)  
7783008 Se I en1 ous ac id  
7783064 Hydrosen su l  f ide 
7791120 Tha l l lun  c h l o r i d e  
7803512 Phosphine 
8001352 Toxaphene 
8001589 Creosote 
8007452 Coke oven m i s s i o n s  
8065483 O m t o n  

10102439 N l t r i c  oxide 
10102440 Nitrogen d iox ide  
10102451 I h a l l i u n  n i t r a t e  
10265926 Methsnidophos 
10453868 Resmthr in  
10595956 W-Nitroso-N-nthylethylaminc 
12035722 Nickel sLlbsulfide 
12039520 I h a l l i u n  se len i te  
12122677 Zineb 

R f D  41. Estimated RAC (n'g/I) RAC (m)/l) 
mg/kg/day /mg/kg/&y BCF 

3% l i p i d  0.0065 kg/day 0.020 kg/day 
RL: lo€-6 RL: 1oE-6 

conslnpt ion Conslnpt ion 

.. 
0.07 
0.005 
0.09 

0.005 
.. 
4. .. 
0.00008 
0.00002 
0.25 
0.06 
0.003 
0.003 
0.00008 
0.0003 .. .. .. 
0.00004 
0.1 
1 
0. ooow 
0.00005 
0.03 .. .. 
0. ooow 
0.05 

4 . 3  

4. 

.4 

4. 

4 4  .. 
4. 

.4 

1.1 414 0.00002 
4 4  

4 4  

0.4  1 
l lW0 0.03 

22 c L I 0.4  0.001 .. t 1 .. ) .  ' I  i 

0.000008 

0 . 4  
0.009 
0. 0004 

I f  i-l 
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09/28/90 

CAS Chemicrl 
rrnkr Ww 

USE ONLY FOR SCREENING Values f r a n  IRIS 9/1/90 
Consult IRIS f o r  Update and Wenever Possible, S i t e  Speci f lc  

Lipid, Consmption and Bioaccuiulat ion Factors Should be 
Used in App l lca t lon  of RAC in Regulatory Action. 

12427382 Mmb . 
13463393 Wlckel carbonyl 

1 W 6 3 4  Phemedipham 
147'9R58 W l t r r t e  
14797650 N l t r l r e  
14859677 Radon 222 
15299997 Iopropanide 
15972606 Al rch lo r  
16065831 Chrcnlun( I I I ) 

135930~ Qulnrlphor 

- 
4 16672870 Ethcphon 
d 

N 16R2773 M c t h a y l  
17804352 Benomyl 
19044883 Orytal In 
19408743 Hexachlorodlbmto-p-dioxln mixture 
19666309 O x r d l r t o n  
20819739 Almlnur Phosphlde 
2I087649 Mctrlbutln 

22224926 f m n i p h o r  
22967'926 Methyl mercury 
25135220 O x q l  
2356c058 fh lophamte-methyl 
23910585 Prowmide 
24307264 Mepigust chlor ide 
25057890 Bentaton 
25329355 Pent rchlorocyc I opent adi  ene 
26628228 sodim r t i d e  
27314132 Worf lurrzon 

21725462 CYaMtinC 

0.005 

0.0005 
0.25 

0.1 

0.1 
0.01 
1 
0.005 
0.025 
0.05 

.. 

.. 

.. 

.. .. 
0.005 
0.OOO4 
0.025 
0.002 
O.OOO2f 
0.0005 
0.025 
0.08 
0.075 
0.03 
0.0025 

0.004 
0.04 

.. 

.. 

1.M-6/pCI/L 

6200 

r 1  

Estimated RAC (mg/I) RAC (ag/ l )  
BCf RL: 1M-6 RL: 10E-6 
3% L i p i d  0.0065 kg/day 0.020 kg/day 

consurpt ion consulpt ion 

, .. 
I, * 

./ 

42.8 0.1 0.01 
124 20 7 

156 7 2 
226 0.5 0.2 

31.1 

I. 
1 

3.64 6 
21.5 0.1 

2.92 500 
]Si92 20 

rl 

2 
0.04 

1 

100 
8 

I 
d 



d 

CAS Chemical 
M k r  Ism 

USE ONLY FOI) SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Uhenever Possible, S i t e  Specif ic 

l ipid, Cdnsurption and B i o a c c w l r t i o n  Factors Should k 
Used in Appl icat ion of RAC in  Regulatory Action. 

28249776 Th i obencrrb 
29232937 P i  r i d  phot -me thy1 
30560191 Acephrte 
32534819 Pcntabronodiphmyl ether 
32536520 Octrbromodiphenyl ether 
33009611 Amitrat 
33820550 Itapropal in 
34014181 Tckrthluron 
35367385 O i  f llbcniuron 
35551440 I m t a l  i I 

W 36134197 Iprodione (Rovral) 
39148248 Fosetyl-al  
3QSlS418 D M i  tot  
3pb383zO Bir(2-chloroiropropyl)  ethCr 

6 36483600 Hexabrcmodiphenyl ether . - 
-4 

40086479 Tetrabronodiphmyl ether 
40487421 P m d i w t h a l  in (Prowl) 
41851507 Chlorocyclopentdiene 
42874033 Oxyfluorfcn 
43121433 Bayleton 
432Z2486 Olfentoquat 
49690940 l r ibranodiphenyl ether 
50471448 Vinclorol  in  
5121M52 ncto l rch lo r  
51235042 Hexat im 
51630581 Pydrin 
52115078 Cypcrmethrin 
52645531 Permethrin 
55285148 Carbosul f an 

I 1  

0.01 
0.01 

0.002 
0.003 
0.002s 
0.01s 
0.07 
0.02 
0.013 

0.04 
3 '  
0.0005 
0.04 

4. 

.. 

.. 
0.04 

0.003 
0.03 
0.08 

0.025 
0.1 
0.033 
0.025 
0.01 
0.05 
0.01 

6. 

.. 

o.ow7 .. .. 

.. 

.. 

.. 

.. 
*. 

.. 
I. \8 , 

k i  

BCF 
3X l i p i d  

71.6 
66.7 
0.4 

5120 
0.4 
44.8 
19.K 

5170 
21.9 

3616 

1 lob0 
39.28 

252.4 
348.4 
35200 

' 4000 

R l :  1OE-6 RL: la€-6 
0.0065 kg/&y 0.020 kg/day 
C o n s u r p t  ion C o n l u r p t  ion 

2 
2 
3 

0.03 
2000 
5 
7 

0.001 
20 

0.1 

0.003 
8 

4 
1 
0.008 
0.01 
0.01 

0.5 
0.5 
1 

0.01 
600 
2 
2 

0.0003 
6 

0.04 

0.001 
3 

1 
0.3 
0.002 
0.003 
0.00c 

m 
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09/28/90 

CAS Chemical 
" b r  "e 

USE ONLY FOR SCREENING Values frun IRIS 9/1/90 
Consult I R I S  for Update and Whenever Possible, S i te  Specific 

l i p i d ,  Consurptiocr and B i o a c c m l a t i o n  Factor8 Should be 
Used In Application of RAC in Regulatory Ac t ion .  

55290647 D i r t h i p i n  
57837191 Met r l r xy l  
58136082 l r id iphane ' 

59754404 Fluridone 
60207901 Propicanrzole 
6056OOSO F u r r c y c l o x  
62476599 Sodium ac i f l uo r fen  
63916561 l o r r s b r d i p h e n y l  ether 
64902723 Chlorsul furon 
65195553 Avermc t in  91 
64215278 Cyramrzine 
64332965 F l u t o l m i l  
64641254 t r r l c n t h r l n  
67485294 M r o  
4n47005 Prochloraz 
68085858 CyhrlothrIrVKarrte 
LW5937S Drythro id  
69409945 Fluvrllmtr 

72128020 Forerrfen 

74051802 f e  t hoiydlrr 
74115245 A p o l  l o  
74223646 A I  l y 
76578148 Assure 
767'38620 Paclobutra2ol 
77162822 G I  uf os i m t e -  "ni un 
77323843 tr lchlorocyclopcnt dl ene 

69806202 b l o x y f o p - m  t h y l  

72128020 F m S l f M  

0.02 
0.06 
0.005 
0.08 
0.011 

0.013 

0.02 
0.004 
0.0075 
0.06 
0. oorr 
0.0003 
0.009 
0.00s 
0.025 
0.01 
O.M)005 

.. .. 

.. .. 
0.09 
0.015 
0.25 
0.009 
0.015 
0.0004 .. 

77323854 tetrachlorocyclopentadi ene .. 

.. 
24.1 

1856 

0.030 .. 
19.0 

0.54 

40000 

0.15 
10700 
40000 
4 m  

0.19 
0.19 

30 9 

0.5 0.2 

30 9 

200 50 

0.002 0.0007 

0.001 0.002 
0.007 0.002 
0.005 O.OOO9 

c-l h 

. -  
I '  
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09/28/90 

CAS Chemical 
nurbcr N w  

7TS01634 Lactofen 
~ 5 8 7 0 5 0  Savey 
fo277273 Harmony 
81335377 lmmsquin 
81335775 Purrui t 
82558507 I roxaben 
826S7043 Eiphcnthr In 
83055996 Lbndar 
85509199 NuStar 
88671890 Syrthane - , 90982324 Chlor Iauron-ethyl -. 

tA 10120oCM) Eipresr 

USE ONLY FOR SCREENING Values from IRIS 9/1/90 

Lipid, Consurption and Eioaccmulat ion factors Should be 
Consult I R I S  for  Update and Whenever Possible, S i t e  Specific 

Used in Application of RAC in Regulatory Action. 
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