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FOREWORD
The U.S. Environmental Protection Agency (EPA) and the State poliution control agencies have been charged
with enforcing the laws regarding poliution of the naturai 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 entaiis 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 technica! 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
apptication of biclogical and chemical assessment techiniques to control toxic pollution to surface waters. This
document is agency guidance only. It does not establish or affect legal rights or obligations. It does not establish
a binding norm and is not finally determinative of the issues addressed.” Agency decisions in any particular case
will be made applying the law and regulations on the basis of specific facts when permits are issued or regulations
promulgated.

This document is expected to be revised periodically to reflect advances in this rapidly evolving area, Comments
from users will be welcomed. Send comments to U.5. EPA, Office of Water Enforcement and Permits, 401 M
Street, SW, Mailcode EN366, Washington, DC 20460.

Oe— et D Dl

James R. Elder, Director Martha G. Prothro, Director
Office of Water Enforcement and Permits Office of Water Regulations and Standards
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EXECUTIVE SUMMARY

The revised Technical Support Document for Water Quality-based
Toxics Controf (TSD) provides States and Regions with guidance
on procedures for use in the water quality-based control of toxic
poliutants. It presents recommendations to regulatory authorities
faced with the task of controiling 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,
Both human heaith 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 forthe -

variaus 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 Cantrol

The Environmental Protection Agency’s {EPA) surface toxics ‘con-
trol regulation, 54 FR 23868, June 2, 1989, established specific
requirements that the “integrated” approach be used in water
quality-based toxics control. The “integrated” approach consists
of whole effluent and chemical-specific approaches as a means of
protecting aquatic life and human heaith. As techniques are
made availabie for implementing biocriteria, they too should be
integrated into the water quality-based toxics control, thus creat-
ing a triad of approaches: whole effiluent, chemical-specific, and
biological assessments. Each approach has its limitations and
thus, exclusive use of one approach alone cannot ensure required
protection of aquatic (e and human heaith. The advantages/
disadvantages of each approach and how the integrated ap-
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 effiuent toxic-
ity assessment and control approach have been included in Chag-
ter 1 and associated appendices (e.g., precision data, justifications
for acute-to-chronic ratio recommendations, information on ana-
lytical variability in toxicity testing). The chemical-specific approach
to aquatic life toxics control relies on numeric water quality
criteria in State standards and interpretations of State narative
standards to assess and control specific toxicants individually.

Water Quality Standards and Criteria

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

Aguatic impacts occur not only from the magnitude of a poliut-
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 s applied
as a 4-day average concentration; and the criterion maximum
concentration is applied 2s an 1-hour average concentration. The -
frequency with which criteria are allowed to be exceeded de-

. pends on site-specific factors as explained in the text,

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

EPA’s recommended criteria for whole effluent toxicity are as
follows: to protect aquatic life against chronic effects, the.ambi-
ent toxicity should not exceed 1.0 chronic toxic unit (TU,) to the
most sensitive of at least three different test species, For protec-
tion against acute effects, the ambient toxicity should not exceed -
0.3 acute toxic units (TU,) to the most sensitive of at least three
different test species.

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

Effluent Characterization

‘This chapter contains completely revised effluent characterization
discussions and recommendations. It includes streamilined proce-
dures (as compared 1o the original TSD) for predicting.the likely
impacts of toxic effluents on aquatic life and human health.
Recommendations are provided for determining, either with or
without actual effluent data, whether a discharge causes, has the
reasonable potential to cause, or contributes to an excursion
above a State water quality standard. These effluent characteriza-
tion procedures can be performed in one step and do not include
initial screening followed by definitive datz generation as was
recommended in the original TSD.

The revised effluent characterization procedures for assessing po-
tential human health impacts now include contro! of
bicaccumulative chemicals. ’

Expdsure and Wasteload Allocation

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

“Xiv
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on a mixing zone analysis. Chapter 3 describes the means to
assess dilution at the edge of a mixing zone. As with the original
TSD, ambient criteria to control acute toxicity to aquatic ife may
be met within a short distance of the outfali. However, this
provision is no longer restricted to outfalls that have a high-rate
diffuser.

I 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 fiow 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 effiu-
ent flow and concentration, receiving water flow, temperature,
background concentration, etc.). These models are termed dy-
namic modets and are more accurate than steady-state models in
reflecting or predicting exposure provided adequate data exist.
The acceptable effluent condition derived using these models is
expressed as the effiuent long-term average and variance, which
greatly simplifies derivation of permit limits. Three dymamic
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 WLA to reflect
different assumptions and means of expressing effluent quality.
Three types of WLAs are identified, and recommendations are
provided for deriving permit fimits to properly enforce each type
of WLA, Other permit-related issues such as permit documenta-
tion and how to express limitations are discussed, In addition,
guidance for requiring and conducting toxicity reduction evalua-
tions is presented.

Compliance Monitoring

The compliance monitoring and enforcement process for water
quality-based permits summarized in Chapter 6 is based on exist-
ing regulation and guidance. As with technology-based permits,
any failure to meet a limit is a violation, and every viclation must
be reviewed to determine the appropriate response. Whole
effluent toxicity monitoring and enforcement concepts embodied
in the Compliance Monitoring and Enforcement Strotegy for Toxics
Controf (january 19, 1989) have been added to this revision.

xv
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LIST OF ABBREVIATIONS

DMR
DO
EC
ECAD
EMS
EP
EPA
ERL
FAV
FDA
M
GC/MS
HHC
HPLC

atomic absorption

acute-to-chronic ratio

acceptable daily intake

average monthly limit

acceptable tissue concentration

acute toxicity endpoint

acid volatile sulfides

bipaccumulation factor

-best available technology
bioconcentration factor

best conventional technology

best management practice

biochemical oxygen demand

best professional judgment

best practicable technology

criteria continuous concentration .
Center for Exposure Assessment Modeling (EPA
Complex Effiuent Toxicity Testing Program
Code of Federal Regulations

chemical of highest concern

criteria maximum concentration

chronic toxicity endpoint

coefficient of variation

Clean Water Act

difution 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)
fina! acute value '

" Food and Drug Administration

food chain multipliers

gas chromatograph/mass spectrometer
human health criteria

high-pressure liquid chromatography

IRIS

LC.
LOAEL
LOEC
LTA
MCL
MDL
MERS
ML
NOAEL
NOEC
NPDES

ONRW
PCS
POTW
PQL
q*
QA/QC
QNCR
QSAR
RAC
RfD

'5QC
STORET
TIE
T™OL
TRE
TSD
TSS

inhibition concentration

Integrated Risk Information System (EPA)
load allocation

lethal concentration

lowest observed adverse effect level
iowest observed effect concentration
long-term average :

maximum contaminant levels

maximum daily limit

Monticello Ecological Research Station
minimum level '

no observed adverse effect level

no observed effect concentration
National Poliutant Discharge Elimination System
National Technical Information Service
outstanding national resource waters
Permit Compliance System

publicly owned treatrment works

practical quantitation fimit

cancer potency factor

quality assurance/quality control

quarterly noncompliance report
guantitative structure-activity relationships
reference ambient concentration
reference dose

receiving water concentration

sediment quality criteria -

storage and retrieval of water quality information

. toxicity identification evaluation

total maximum daily load
toxicity reduction evaiuation
technical support document
total suspended solids

total toxic organics

toxic unit

acute toxic unit

chronic toxic unit

water quality standard
wasteload allocation
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MODELING ABBREVIATIONS

ARM
CHNTRN
CETIS

as
CORMIX 1
CTAP
DESCON

DFLOW

DYNHYD4
DYNTOX
EXAMS-)
FCM2
FETRA
FGETS
FLOSTAT

HHDFLOW
H5PF
MEXAMS
MINTEQAZ
MICH

- agticultural runoff model

Channel Transport Model

Complex Effluent Toxicity Information System
Chemical Information System '

Cornell Mixing Zone Expert System

Chemical Transport and Analysis Program
computer program that estimates design condi-
tions

computer program that calculates biologically
based design flows

hydrodynamic model

dynamic toxics model

Exposure Analysis Modeling System

WASP Food Chain Mode}

Finite Element Transport Model

Food and Gill Exchange of Toxic Substances

U.S. Geological Survey computer program that
estimates the arithmetic mean flow and 7Q10 of
rivers and streams

historic daily flow program

Hydrologic Simulation Program - FORTRAN
Metals Exposure Analysis Modeling System
Equilibrium Metals Speciation Model
Michigan River Mode!

NPS

PsY
SARAHZ2

SERATRA
SLsA
TODAM

TOXIWASP
TOXI4
TOXIC

-UDKHDEN

ULINE
UMERGE

UQUTPLM

UPLUME

WASP4
WASTOX

anpoint Source Model for Urban and Rural Ar-
eas ‘

steady-state, two-dimensional plume model

surface water assessment model for back calcuiat-
ing reductions in biotic hazardous wastes

Sediment Contaminant Transport Model
Simplified Lake/Stream Analysis

Transport One-Dimensional Degradation and Mi-
gration Mode}

‘Chemical Transport and Fate Model

a subset of WASP4

Toxic Organic Transport and Bioaccumulation
Model

three-dimensional mode! used for single or mul-
tiple port diffusers
uniform finear density flume model -

two-dimensional model used to analyze positively
buoyant discharge

cooling tower plume model adapted for marine
discharges

numerical mode! that produces flux-average dilu-
tions

water quality analysis program

Estuary and Strearn Quality Model

WOQAB FLOW water quaiity analysis system flow data subroutine
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BLOSSARY

absolute toxlcity is the toxicity of the effluent without considering
dilution,

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

acute-to-chronic ratio (ACRY) 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 aguatic
organisms following their short-term exposure within
an affected area.

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

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

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

antagonism is the characteristic property of a mixture of toxicants
that exhibits a less-than-additive total toxic effect.

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

aquatic community is an assoclation 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.

bloaccumulation is the process by which a compound s takenup
by an aquatic organism, both from water and through
food.

bioaccumulation factor (BAF) is the ratio of a substance’s
concentration in tissue versusits 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 bicavailability of a toxicant, the less its toxic
effect on an organism.

bloconcentratibn is the process by which a compound is absorbed
from water through gills or epithelial tissues and is
concentrated in the body,

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

. blological assessmentis an evaluation of the biological condition

of a waterbody using biological surveys and other direct
measurements of resident biota in surface waters.

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

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

biologicat monitoring, also known as biomonitoring, describes
the living organisms in water quality surveillance used to
indicate compliance with water quality standards or
effiuent 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.

cancer potency slopefactor (q1*) 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
periods of time to low-dose levels and a fifetime exposure
period through the use of a linear model.

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

chronic toxicity endpoints (CTE)} are results, such & a no
observed effect concentration, lowest observed effect
concentration, effect concentration, and inhibition
concentration based on observations of reduced
reproduction, growth, and/or surviva!l from life cycle,
partial fife cycle, and early life stage tests with aquatic
animal species. '

Xix
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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 compornent 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), of the
organizational level (individual, population, assemblage)
of a biological entity within the aquatic comrmunity.

completely mixed condition means no measurable difference in

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

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

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

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

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

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

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

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

equllibrium partitioning (EP) is a method for generating
sediment ¢riteria that focuses on the chemical interaction
between sediments and contaminants.

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

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 thatwould cause a given percent reduction -
{e.g., IC25)in anonlethal biological measurement of the
test organisms, such as reproduction or growth,

tethal concentration is the point estimate of the toxicant
concentration that would be lethaf to a given percentage
of the test arganisms 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 s attributed either to one of its

existing or future nonpoint sources of pollution of to
natural background sources.

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

log P (also expressed as log kow or as n-octanal/water
partition coefficient) is the ratio, in a two-phase system
of n-octano! 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 jevel (LOAEL) is the lowest
concentration of an effluent or toxicant that resuits in
statistically significant adverse health effects as observed
in chronic or subchronic human epidemiology studies
or animat exposure.

magnitude is how much af a poliutant (or poliutant 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
poliutants of concern. This level corresponds to the
lowest point atwhich the calibration curveis determined.

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

Monte Carlo simulation is a stochastic modeling technique that
involves the random selection of sets of input data for
use in repetitive model runs in order to predict the
probabiiity distributions of receiving water quality
concentrations.
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no observed adverse effectlevel (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 effiuent or a toxicant at which no
adverse effects are observed onthe aquatic test organisms
at a specific time of observation. Determined using
hypothesis testing.

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

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

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

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

probabllity 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 tota!
number of possible outcomes,

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

practical quantitation limit (PQL) is a correction factor,
sometimes arbitrarlly 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)(1 ). -

receiving water concentration (RWC) is the concentration of a.

. toxicant or the parameter toxicity in the receiving water
after mixing (formerly termed “instream waste
concentration” IWC)).

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

reference ambient concentration (RAC) is the concentration of
a chemical in water that will not cause adverse impacts
- to human health. RAC is expressed in units of mg/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 the effluent when 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 variabies 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 tota! toxic effect,

threshold effects result from chemicals that have a safe levei(i.e.,
acute, subacute, or chronic human health effects).

totat maximum daily load (TMDL) is the sum of the individua!
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
texicity. .

toxicity reduction evaluation (TRE) is a site-specific study '
conductedin 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 arganisms

of a specific chemical or effluent.

toxics are those pollutants that have a toxic effect on fiving
organisms. The CWA Section 307(a) "priority” pollutants
are a subset of this group of pollutants,

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

toxic units (TUs) are a measure of toxicity in an effluent as
determined by the acute toxicity units or chronic toxicity
units measured.

toxic unit acute (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
LCs0).

toxic unit chronic (TUc) is the reciprocal of the effluent
concentration that causes no observable effect on the
test organisms by the end of the chronic exposure
period (i.e., 100/NOEC).

water quality assessment is an evaluation of the conditicn of a
waterbody using biological surveys, chemical-specific
analyses of pollutants in waterbodies, and toxicity tests.
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wasteload aliocation (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 nhumeric 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 imited characterizes a stream segment in which it
is known that water does not meet applicable water
quality standards, and/or is not expected to meet
applicable water quality standards even afterapplication
of technology-based effluent limitations.

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

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

XXil
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Purpose

The purpose of this revised Technical Support Docurnent (TSD) for
Water Quality-based Toxics Control is to provide the most current
procedural recommendations and guidance for identifying, ana-
lyzing, and controlling adverse water quality impacts caused by
toxic discharges to the surface waters of the United States, The
original TSD was published in September 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 pellutants. Be-
cause of these changes, EPA revised and updated the TSD.

This guidance document is intended to support the implementa-
tion of the CWA water quality-based approach to 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 as the most current representation of knowledge in the
field of assessment and contro! of toxic discharges. Some of the
guidance in this document is based on ongoing research and
development (bicaccumulation methods, Chapter 3) and should
not be used until the procedures are finalized.

Background

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

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 implernents its program.

Throughout the evolution of the toxics controf program, EPA has
provided guidance concemning new program initiatives, statutory
developments, and regulatory requirements. n 1980, EPA em-
phasized in its preamble to NPDES regulations (45 FR 33520) that
NPDES permit limitations must reflect the most stringent of tech-
nology-based, water quality-based controls, or other standards
required by the CWA (e.g., ocean discharge requirements under
Section 403 and. 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 entitied, “Policy for the Development of Water Quiality-
Based Permit Limitations for Toxic Pollutants” (49 FR 9016, 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), clarify EPA’s
surface water toxics contro! program and the use of whole effluent
toxicity, and implement CWA Section 304(l) conceming the
identification of impaired waters and the development of individua
control strategies.

The control of toxic discharges to the Nation’s waters is an
important objective of the CWA, To effectively accomplish this
objective, EPA recommends the use of an integrated water quai-
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 effiuent toxicity
limitations. Limitations are essential for controlling the discharge
of toxic poliutants 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.

xxiii
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1. APPROACHES TO WATER QUALITY-BASED TOXICS

CONTROL

1.1  INTRODUCTION

In this chapter, basic principles are presented that cover the
protection of aquatic fife and the protection of human health
from impacts caused by the release of toxics to the Nation’s
surface waters, Protection against toxic releases is called for under
Section 101(a)(3) of the Clean Water Act {CWA), which siates 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
2 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 B-1 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 B-2 and B-3).
For the protection of aquatic life, the integrated strategy involves
the use of three control approaches: the chemical-specific control
approach, the whole effluent toxicity control approach, and the
biological criteria/bioassessment and biosurvey approach. How-
ever, for the protection of human health, technical constraints do
not yet allow for fuli reliance on an integrated strategy, and thus
primarily chemical-specific assessment and control techniques
should be employed.

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

The narrative water quality criterla 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 W’Ill cause a nuisance, or substances in

rati I ic li i r n
health. The use of toxicity testing and whole effluent toxicity
limits is based upon a State’s narrative water quality criterion and/
or in some cases, a State numeric criterion for toxicity.

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

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

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

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

12 CHEMICAL-SPECIFIC APPROACH FOR AQUATIC
LIFE PROTECTION

The chemical-specific approach to toxics control for the protec-
tion of aquatic life uses specific chernical effiuent iimits in NPDES
permits to control the discharge cf toxics. These limits are
developed from laboratory-derived, biologically based numeric
water quality criteria adopted within a Stite’s water quality stan-
dards. Water quality criterla 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 evaiuation of the discharge and its effect upon the
receiving water. This may include collection of effluent and
recelving water data and result in the development of a wasteload
allocation (WLA) and a total maximum daily load (TMDL) through
madeling, 2 mixing zone analysis, and the calculation of permit
limits, Once a numeric water quality criterion is adopted, chemi-
cal-specific limits must be developed in NPDES permits to ensure
that a permittee’s discharge does not exceed acute or chronit
water quality criteria for the pollutant in a receiving water if there
is a reasonable potential for that discharge to cause or contribute
to excursions of the criterion. These steps are discussed in Chap-
ters 3, 4,and 5. -

EPA water quality criteria for the protection of aquatic life are
developed under the requirements of CWA Section 304(¢a)(1) and
are published by EPA in separate criteria documents and summa-
rized in the Quality Criteria for Water [1]. Water quality criteria
are derived scientifically and attempit to consider a wide range of
toxic endpoints including acute and chronic impacts and
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bicaccumulation. Each criteria consists of two values—an acute
and 2 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 poliutants 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 [1]. They can be used to assess and
control a variety of water quality impacts, Chapter 2 provides 2
more detailed discussion of the derivation of numeric criteria.
Recommendations for using chemical-specific data to determine
which individual toxicants need to be controlled are found in
Chapter 3. Legal requirements, including chemical-specific limits
in permits, are found in Chapter 5.

1.2.1 Corrofation of Chemical-specific Measwoments to Actual
Raceiving Water impacts

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

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

Studies performed on experimental streamns at EPA's Monticello
Ecological Research Station (MERS) indicate good agreement be-
tween EPA’s criteria concentrations and the instream concentra-
tions producing aquatic life effects under steady exposure condi-
tions [4-13). EPA’s water quality criteria are not threshold levels
above which definite measurable instream effects are always ex-
pected. Rather, the criteria embody conservative assumptions
such that small excursions above the criteria should not result in
measurable environmental impacts upon the biota. The data
indicate that if the ambient water quality criteria are met, then the
biota in the receiving water system will be protected from unac-
ceptable impacts caused by the chemical of concem. The studies
conducted by MERS are described in greater detail in Box 1-1 and-
Tables 1-1 and 1-2.

1.2.2 Chemical-specific Analytical Method Precision

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 chernical. Table 1-3 shows
the interlaboratory precision of 10 metals. The coefficient of
variation (CV), 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

that compound.,

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

In studying the field applicability of EPA’s water quality criteria in freshwater systems, MERS (Monticello
Ecological Research Station) conducted studies in experimental streams [4-14] to determine the level of
protection provided by the individual chemical criteria. Each of the streams was one-quarter mile long with
alternating mud-bottomed pools and rocky 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, chiorine, chlorine combined with ammonia, selenium, and pentachloro-
phenol. Some studies were conducted during a summer {pentachlorophenol) while others continued for more
than 2 years (selenium V). 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 biclogical effects occurred were then compared to the EPA criteria continuous concentration {CCC) for

With the exception of chiorine in the presence of ammonia, the data from the other experiments indicate that
slight or no effects were found in the streams at the CCC. This indicates that the CCC is providing chronic
protection at the recommended concentration for that particular chemical. In the case of chlorine combined
with ammonia, a substantial impact was found, but only on one species, the channel catfish. Because the CCCis
designed to protect most, but not all of the species all of the time (see discussion in Chapter 2 on EPA Ambient
Water Quality Criteria), slight impacts may be expected under continuous exposure conditions.
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Table 1-1. Effects in Streamns Exposed to Ammonia [8-13]

Table 1-3. Interlaboratory Precision of Inorganic Analysis
at the Low End of the Measurement Detection Range {15]

Effects
Indicator Criteria®]  3xP X<
Fish
Fathead minnow od o 0
Bluegill 0 o . ++
Channel catfish + -+ —r
White sucker o 0 0
Rainbow trout 0 Q +
Walleye 0 o ++
Benthic Invertebrates 0 + ++
Zooplankton 0 + +

Analyte No, of Labs CV (%)
Aluminum 37 43
Cadmium 63 66
Chromium 72 40
Copper 86 36
fron 78 38
Lead 64 46
Manganese . 55 129
Mercury 76 79
Silver 50 18
Zinc 62 118

Notes

3 Criteria = 9,05 mg/l unionized ammonia (NH3) at average stream pH and tem-
perature; 1.0 mg/l total ammonia was added to reach this concentration;
congentrations of unionized ammonia varied daily and seasonally due to natural
pH and temperature fluctuations.

b 3X = Three times ¢riteria concentration based on input of 3 mg/l total ammoniia.
£ 9X = Nine times criteria concentration based on input of 9 mg/! total ammenia.
90 = No difference from controls; +°s represent gradation of differences from

controls ranging from slight {+) to dramatic (++++).

Table 1-2. Effects in Streams Exposed to Ammonia

Tabie 14, Interiaboratofy Precision Ranges for Organic

Chemical Analysis
EPA

Chemical No. | CV | % Data Document

Labs [ (%) |Discarded Referenced
Benzene.
4 Chlorobenzenes | 20 | 31-64| 10 600/54-84-064
Ethyt benzene
Toluene
23 Halocarbons 20 | 16-29 ? 600/54-84-064
4 Halocarbons 20 | 40-50 ?
11 Phenols 20 | 2045| 20 600/54-84-044

38-64 ?

Benzidine 17 ] 38-69 ? 600/54-84-062
3,3-Dichlorozidine
6 Pthalate esthers | 16 7] 22 600/54-84-056
3 Nitrosamines 17 1 19 600/54-84-051
24 Organochlorine } 22 [>12-45 ? 600/54-84-061
Pesticides and PCBs
16 PNAs 21169 ? 600/54-84-063

# Average concentrations of TRC in presence of 2mg/l to 3mg/t total ammonia;
national criteria for chlorine = 11 ug/l.

b0 = No difference from controls; +'s represent gradation of differences from
controls ranging from slight (+) to dramatic ().

and Chlorine {8-13}
Effects .

Indicator 4ug/®| 35uogfl | 122 ug/l
Fish

Channel catfish P + o+

Bluegill 0 0 0
‘Benthic invertebrates 0 + -
Zooplankton 0 0 0
Bacteria + + ARy
Periphyton 0 0 0
Primary production o 0 o
Litter decomposition + .o+ ++
Aquatic plants o 0 0

Notes

* Discarded as outliers.

It is important to note that in many chemical analyses a decision may be made
that certain anomalous data points, or outliers, are unusable and are not re-
ported a5 valid data points. This type of data evaluation is made because in
chemical analyses it is foutine to repeat the analysis with the same sample and
reference standard until an acceptable resutt is obtained.
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Table 1-5. Interlaboratory Precision of Nonmetal inorganic
Analyses Over the Measurement Range [15)

LNa% Parameter <V (%) Range
17 Alkalinity 4.9-14
>20 Residual chlorine 13-25
16 - | Ammonia nitrogen 15-58
6 Kjeldahl nitrogen, total 384
15 NOj3 nitrogen . : 17-61
6 Total P 2540
58 800D : 15-33
58 coD 6.9-34
4 TOC 4.6-70

associated with organic chemical analyses. The CVs range from
12 percent to 91 percent. Table 1-5 demonstrates the
interfaboratory precision of nonmetal inorganic analyses at the
lower end of the measurement range. The CVs for this type of
analyses range from 4.6 percent to 61 percent [15]. The data in
Tabies 1-3 to 1-5 reflect testing in reagent grade water. Actual
CVs from testing effluents can be higher due to matrix effects.
However, in 40 CFR Part 136 anafytical methods, matrix effects
are acknowiedged.

1.3 WHOLEEFFLUENT APPROACH FOR AQUATIC LIFE
PROTECTION

The whole effluent approach to toxics control for the protection

-of aquatic life involves the use of acute and chronic toxicity tests
to measure the toxicity of wastewaters. Whole effluent toxicity is
a useful parameter for assessing and protecting against impacts
upon water quality and designated uses caused by the aggregate
toxic effect of the discharge of pollutants [16]. Whole effiuent
toxicity tests employ the use of standardized, surrogate freshwa-
ter or marine (depending upon the mixture of effluent and receiv-
ing water) plants, invertebrates, and vertebrates. EPA has published
extensive written protocols listing numerous marine and freshwa-
ter species for toxicity testing [17, 18, 19).

An acute toxicity test is defined as a test of 96-hours or less in
duration in which lethality is the measured endpoint. A chronic
toxicity test is defined as a long-term test in which sublethal
effects, such as fertilization, growth, and reproduction, are usually
measured, in addition to lethality. Traditionally, chronic tests are
full life-cycle tests or a shortened test of about 30 days known as
an early life stage test. However, the duration of most of the EPA
chronic toxicity tests have been shortened to 7 days by focusing
on the most sensitive life-cycle stages. For this reason the EPA
chronic tests are called short-term chronic tests. 8ox 1-2 summa-
rizes the short-term chronic tests currently recommended by EPA.
The acute and short-term ¢hronic methods recommended by EPA
are presented in three methods manuals {17, 18, 19]: ‘

fn a faboratory acute toxicity test, an effiuent 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 2 di-

lution series used in chronic or acute tests is 100, 50, 25, 12.5,
and 6.25 percent, and a control, Test organisms are placed in

.these test chambwers for specified periods of time. At various times

during the exposure period, the organisms in each chamber are
observed. In the short-term chronic tests, at test termination, the
lowest effluent concentration that causes a significant adverse
impact on the most sensitive endpoint for that test is calculated
(this endpoint can be mortality, reduced fertilization, lower fecun-
dity, reduced growth, etc.). Inthe acute tests, at test termination,
the number of dead organisms are recorded and an LCgq is cal-
culated.

Dilution water is an important part of toxicity testing. Dilution
water may either be standard laboratory water and/or the receiv-
ing water. Sometimes the receiving water is used to dilute the
effiuent because it more closely simulates effiuent/recelving water
interactions. This may be especially important in the case of saline
receiving waters, The salinity of the receiving water should be
matched as closely as possible to the salinity in the test chambers
(within the salinity range constraints of a particular method) for
the purposes of conducting the tests,

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

Acute toxicity endpoints (ATEs) commonly include ethal concen-
trations (LCs) and are described in terms of effluent concentra-
tions. The LC is the concentration of toxicant at which a certain
percentage of the test organisms die, e.g., the LCqg or LCgp. An
exposute duration also is included in the endpoint such as 24, 48,
72, or 96 hours (e.g., 96-hour LCsq).

Commonly used chronic toxicity endpaints (CTEs) include the no
observed effect concentration (NOEQ), 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 test organisms are exposed that causes
no observable adverse effect. The effects measured may indude
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., ECqg or ECsg).

In chronic o .1y tests, the exposure duration in the EPA testing
protocols is .. --ost always assumed to be the 7-dav short-term
period unless otherwise specified in the protocol. }or example,
the Ceriodaphnia test must be continued until at least 60 percent
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Box 1-2. Short-term Chronic Toxicity Methods
Species/Common Name Test Duration Test Endpoints
Freshwater Species
Ceriodaphnia dubia " Approximately 7 days Survival, reproduction
Cladoceran (until 60 percent of control '
have 3 broods)
Pimephales promelas 7 days Larval growth, survival
Fathead minnow
Pimephales promelas 7-9 days . Embryo-larval survival,
Fathead minnow " percent hatch,
percent abnormality
Selenastrum capricornutum 96 hours Growth
Freshwater algae
Marine/Estuarine Species
Arbacia punctulata " 1.5 hours Fertilization
Sea urchin
Champio parvula 7-9 days Cystocarp production
Red macroalgae (fertilization)
Mysidopsis bahia 7 days Growth, survival, fecundity
Mysid
Cyprinodon variegatis 7 days Larval growth, survival,
Sheepshead minnow
Cyprinodon voriegotus 7-9 days ‘Embryo-larva) survival,
Sheepshead minnow percent hatch,
percent abnormality
Menidia beryllina 7 days Larval growth, survival
Inland silverside

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

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

effiuent concentrations at which measured effects occurred dur-
ing a chronic test. The ICis an estimate of the toxicant concentra-
tion that would cause a given percent reduction in a biologica!
measurement of the test organisms, including reproduction,
growth, fertilization, or mortality. For example, an ICas 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 caiculated. 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 be calculated for NOECs
derived by hypothesis testing.

The IC also is not dependent upon the selection of the effluent
concentrations. In contrast, NOECs calculated by hypothesis
testing are dependent upon the concentrations initially selected,
For example, if a chronic test is conducted using 100, 50, 25,
12,5, and 6.25 percent effluent concentrations, and the LOEC
exhibited by the data Is at 25 percent effluent, the NOEC calcu-
fated by hypothesis testing is estimated to be the next lowest
dilution, or 12.5 percent. However, the true NOEC value may lie
somewhere between 25 percent and 12.5 percent effluent.

Comparisons of both types of data indicate that an NOEC derived
using the IC25 is approximately the analogue of an NOEC derived
using hypothesis testing (see Figure 1-1). For the above reasons, -
if possible, the 1Cys is the preferred statistical method for deter- -
mining the NOEC,

Another important issue in conducting both acute and short-term
chronic toxicity tests is the dilution series. The EPA methods
manuals recommend six dilutions, including the control. The
only exception to this is a toxicity test conducted on ambient
receiving waters. Then, each ambient receiving water is com-
pared statistically to the control without dilutions. It is not
accurate to assume that two dilutions (the receiving water con-
centration [RWC} and control) are alt that are ultimately necessary
for determining compliance with a toxicity fimit. if the toxicity
tests are conducted with only the control and one effluent con-
centration (i.e., the RWC), the error and variability associated with
this type of statistical analysis is large [20].

100
80
80

70

Percent of Cbservations
3
1

.For the above reasons, EPA recommends the use of five effiluent

concentrations and a control to determine the magnitude of
toxicity. When conducting compliance monitoring, an option is
to choose the five concentrations that bracket the RWC (two
concentrations above and two below). This would result in the
determination of compliance status as well as a statistically valid
estimation of the NOEC. The information provided from the full
dilution series would indicate how close the test endpoints are to
the petmit limit and how close to violating the limit the discharger
is, and, if rneasured over time, the variability of the effluent,

1.3.1 Taxic Units

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

TU, = 100/LCso
TU, = 100/NOEC.

For example, an effluent with an acute toxicity of an LCsq in
5 percent efftuent is an effluent containing 20 TU,s.

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

50
40— 34.8%
30 -] 26% n=g
20 n=6 17.4% 17.4%

n=4 vt -
10+ 4.3%

n
0 n=1 =
1Cyo (273 ICag ICa5 ICag ICgq

Figure 1-1. This figure represents the percentage of the time the mean NOEC was approximately equivalent to an ICqq. ICq5, IC2q,
ICs5, IC3p, and ICsg for all 23 effluent and reference toxicant data sets analyzed. The data sets included short-term chronic
toxicity test for Ceriodaphnia dubia, Pimephales promelas (fathead minnows), Arbacia punctuiata (sea urchin), Cyprinodon variegatus

{sheepshead minnows), and Champia parvula (red algae) [21].
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TUe. 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 quantify the toxicity of an effluent and to specify
water quality criteria based upon toxicity. For example, an efflu-
ent sample that contains 20 TUs is twice as toxic as an effluent
that contains 10 TU,s.

1.3.2 Comeistion of Whole Effiuent Yoxicly Measurements to
Actus! Recelving Water loypact

EPA conducted the Complex Effluent Toxicity Testing Program
(CETTP) that examined sites in both freshwater and saltwater
systems to investigate whether or not an evafuation of effluent
toxicity, when adequately related to receiving water conditions
(i.e., ternperature, pH, salinity), can give a valid assessment of
receiving system impacts on waters that support aquatic biota
[22-25). Summaries of these site studies are provided in Box 1-3
(freshwater) and Box 1-4 (saltwater). In addition, three other
studies, presented in Box 1-3, were conducted to address this
issue: a comparative investigation conducted by the University of
Kentucky [26), a second study on the Trinity River in Texas
conducted by the University of North Texas [27], and a third
study conducted by the North Carolina Division of Environmental
Management [28]:

It is important to note that in these studies, different objectives
were addressed. The CETTP freshwater studies attempted to
correlate receiving water chronic toxicity measured by EPA toxic-
ity tests to instream observed impacts (Figure 1-2), The CETTP
saitwater studies compared effluent toxicity to ambient receiving
water toxicity using dye studies to measure receiving water con-
centrations of effluent. The North Carofina study compared

effluent toxicity to receiving water impact using Ceriodaphnia
chronic toxicity tests and receiving stream benthic
macroinvertebrates (Figure 1-3). The Kentucky study examined
the relationship between effluent toxicity tests and instream eco-
logical parameters. The Trinity River study attempted to spatially
compare the biological, physical, and chemical water quality and
sediment quality of Trinity River reaches above and below the
Dallas/Fort Worth area (Figure 1-4).

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

Parkhurst et al,, were requested by representatives of industrial
and municipal discharges to critique the CETTP studies [30). One
maijor 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 CETTP 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 2 comprehensive manner. Such a sampling was
beyond the capability of EPA’s resources. However, the CETTP
and corresponding studies such as the Trinity River study [27] did"
show unequivocally that a strong correlation exists between tox-
icity and a biclogical impact.

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

the EPA publication series [23, 31-38),

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

EPA conducted eight freshwater site studies in which ambient toxicity was compared to the receiving water
biofogical impact. These site studies were a part of the Complex Effluent Tokxicity Testing Program (CETTP).
Testing was done onsite concurrent with the field surveys. Sites exhibiting biological impacts in Oklahoma,
Alabama, Maryland, West Virginia, Ohio, and Connecticut were included. Organisms were exposed to samples
of water from various stations and tested for toxicity. Biologica! 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

Figure 1-2 illustrates the data from the CETTP studies. A robust cananical correlation analysis was performed to
determine whether or not statistically significant relationships existed between the ambient toxicity tests and
instream biclogical 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, Cerlodaphnia dubia
productivity and/or Pimephales promelas weight were used as the basis for predicting impact. Fish richness was
used to classify streams as impact observed or impact not observed.
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Box 1-3. Correlation of Toxicity Measurements to Receiving
Water impact (Freshwatet) (continued)

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

If toxicity test results were used to classify sites as impacted or not (predicted dassification) and if 2 strong
relationship does exist between ambient toxicity and biological response, then the classification of stations
according to biological response should closely match the predicted classification. Hence, the errors in
misclassification should be small, -

Figure 1-2, developed using a 95 percent-95 percent cutoff, shows that false: positives (impact predicted but
none found) occurred at 7.5 percent of the B0 stations. The probability of getting no more than 7.5 percent false
positives under the null hypothesis that there is no relationship between ambient toxicity and biclogical response
is less than p=0.001, As discussed above, this is the only definitive error that can be identified in such
comparisons. The correct or noncontradictory findings (no measured toxicity but observed impacts) were
92.5 percent of the stations. A variety of other cutoff criteria combinations were evaluated and the number of
false positives remained in the 7 percent to 8 percent range. Therefore, a discharger’s chance of being charged
incorrectly with causing instream toxicity is low.if and only if dilytion in the receiving water is considered,

A comparative time series study conducted on the Trinity River in Texas that used the same classification method
as the CETTP studies also showed a strong relationship between ambient toxicity and instream biologica
response {Figure 1-2). False positives (impact predicted but not observed) had a frequency of 8.3 percent,
Overall there was a 91.7-percent accuracy of prediction or noncontradictory findings [29], and the probability of
a false positive (impact predicted but not observed/impact predicted) ranged from 8 percent to 11 percent in
these studies.

Another study conducted by the North Carolina Division of Environmental Management indicated the high
accuracy of predicting receiving water impacts from whole effluent toxicity tests. Forty-three comparisons were
made between freshwater flowing streams using the Ceriodaphnia dubia 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 ptant and measured
instream effects at 10 stations including reference sites. The principal objective of the study was to assess
downstream persistence of aquatic contaminants, to quantify their effects on structure and function of aquatic
communities, and to evaluate the fathead minnow embryo-larval test for measuring Instrearn toxicity and
estimating chronic effects on aquatic biota. The resuits of the study indicate a good predictive correiation
between embryo-larval survival and independent ecological parameters, especially species richness of
macroinvertebrates. The correlation coefficients for species richness and embryo-larvat survival was 0,96, and for
embryo-larval survival and diversity, it was 0.93. The estimated toxicity (LC1) correlated closely with the actual
percent instream effluent dilution observed at the first downstream station at which no ecological impact was
discemable. ' ’

Using the statistical classification previously described in the CETTP and Trinity River studies, an analysis was
conducted on the combined data sets of the CETTP, Trinity River, and Kentucky River Basin data, Because the
North Carolina study was based on the Ceriodaphnia dubia chronic test and a qualitative macroinvertebrate sam-
pling, the data were not amenable to this type of statistical analysis. This combined analysis is illustrated in Figure
1-5. 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
p=0.0028.
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Box 1-4. Correlation of Effluent Toxicity Measurements to
Recelving Water Toxicity (Sattwater)

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 iflustrates the comparison between predictions of saltwater receiving water toxicity and whole effivent
toxicity. Toxicity test data from 7% ambient stations (four study sites) were compared to effluent toxicity test
results from an isolated discharge at each site. All receiving water toxicity to effluent toxicity correlations are
based on dye studies conducted at each of the four sites to determine the actual dilution.

Most of the sites were selected because the discharge was isolated from other point sources and potential
impacts from other point sources was anticipated to be negligible. Two of these studies indicated near-field
effects, generally within the mixing zone. One study conducted at Femandina Beach, Florida [25], showed
impacts outside the proposed mixing zone. Results of another study (East Greenwich) indicated the existence of
poor water quality well beyond the influence of the East Greenwich Sewage Treatment Plant and suggests that
other sources (point or nonpoint) may contribute significantly [25, 39, 40}. This condition may be typical in
some of the more stressed estuaries.

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

In 5 percent of the total comparisons there was a false negative prediction, or the toxicity tests predicted no
toxicity when the receiving water was toxic {24]. As previously discussed, toxicity is anly one possible adverse
influence, Since only toxicity is measured, a very high correlation should not be expected necessarily because
receiving water biological impacts may be attributed to other sources or factors.

The results of the studies at these four sites indicates a 94 percent accuracy when using the marine and estuarine
toxlclty 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 CETTP
studies. The CETTP purpose was to determine if toxicity and
impacts to biological communities are found concurrently in
receiving waters, Therefore, EPA disagrees that this is a reason to
conclude that the CETTP studies failed to show the validity of
toxicity tests to predict water quality impact.

Ancther criticisim was the studies did not investigate replication of
results over time. However, toxicity results cannot be expected to
be replicated over time in waters where river flow and other time-
variant factors change the degree of ambient toxicity, Indeed,
the Kanawa River and Five-Mile Creek data showed that ambient
toxicity did not occur at high river flows whereas it was found at
low flows; this was an expected result. The objective of the CETTP
studies was to see if impact was present when effluent toxicity
exceeds the available effluent 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
given the complexity of ecosystems and that biologicat 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 CETTP and other studies
showed a statistically sound relationship to correlate toxicity to
the existence of a biclogical ambient impact. Therefore, EPA still
concludes that control of toxicity is a valid approach for protect-
ing ambient water quality,

In addition, other studies confirm that effluent toxicity, when
adequately related to ambient conditions, can give a -alid assess-
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ment of receiving water impact [3, 24, 26-29, 39, 41). These
studies tested waters other than those studied under CETTP.

It is important to recognize that toxicity caused by contaminants
in the effluent, as measured by the whole effiuent 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 dissoived oxy-
gen, temperature, channelization, flooding and weather cycles,
also can affect the biotogical community adversely. These other
types of influences may be better evaluated by using a
bioassessment approach, However, the existence of these other
factors concurrently with toxicity does not absolve a regulatory
authority from controlling the discharge of toxicity if the State has
established a designated use to protect aquatic biota.

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

1.3.3 ToxicHy Test Method Precision

Like all measurements, toxicity tests exhibit variability. Toxicity
test variability can be described in terms of two types of preci-
sion—"within” or intralaboratory precision, and round robin or
interlaboratory precision. Intralaboratory precision is the abil'ty of
trained laboratory personnel to obtain consistent results repeat-
edly when performing the same test on the same species using
the same toxicant. Interlaboratory precision (or round robin tests)
is @ measure of how reproducible a method is when conducted by
a large number of laboratories using the same method, species,
and toxicant or effiuent. Generally, intralaboratory results are less
variable than interlaboratory results.

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

Research into the precision of whole efftuent toxicity methods by
various groups (including EPA) has shown that toxicity test proce-
dures exhibit variability [17-18, 19, 42-49). In chronic toxicity

tests, variability is measured close to the limit of detection because

the endpoint of the test is already at the lower end of the
biological method detection range (i.e., an NOEC). This is in
contrast to acute toxicity tests where the test endpeint is nomally
calculated at midrange (i.e., LCsp), but is sometimes calculated at
the lower end of the biclogical detection range (i.e., LCy). CVs
cannot be calculated for NOEC endpoints determined using an
analysis of variance (hypothesis testing) because this procedure

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

To facilitate the comparability between different NOEC calcuia-
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 ICo¢ could not be calculated based on sta-
tistical assumptions and available data, In addition, there are
some instances where an IC25 cannot be calculated because there
was no toxic effect. In these cases, the CV for a method and
reference toxicant was alcubbed using only data where IC35s 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 alt
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 [imits that are developed correctly from whole
effluent toxicity tests should protect aquatic biota if the discharged
effuent meets the limits. It is important not to confuse permit
limit variability with toxicity test variability. Chapter 5 discusses
permit limit vaniability.

1.3.4 Cowsiderstions imvoived When implementing the Whole
Effioont ToxicHy Approach

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

Onsitz vorsus Difsite Toxicily Testing

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

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

n
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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
CV=standard deviation/mean x 100) of the calculated endpoints from the replicated toxicity tests. Several factors
can affect the precision of the test, including test organism age, condition, sensitivity, temperature control,
salinity, pH control, handling and feeding of the test organisms, and the training of laboratory personnel. For
these reasons, it is recommended that trained laboratory personne! carefully conduct the tests in strict accor-
dance with the test manuals for acute and chronic toxicity testing. in addition, acute and chronic toxicity testing
quality assurance practices should be fully performed. Simple quality assurance procedures, which are described
at the beginning of each manual, include:

* Single laboratory precision determinations, using reference toxicants, on each of the tests procedures to,
determine the ability of the laboratory personnet 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.-

» Lise of reference toxicants to routinely evaluate the quality and sensitivity of the test organisms to be used in
each test, .

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

¢ The minimum criteria of test acceptability specific for each protocol.

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

Within-faboratory precision data are routinely calculated on a minimum of two reference toxicants as part of the
EPA methods development process. These data have been established for each of the four EPA freshwater
chronic methods and each of the six marine/estuarine chronic methods. Within-laboratory precision is detailed
at the end of each of the methods sections in the methods manuals [17, 18, 19] and is summarized in Appendix
A (Tables A-1-1 to A-1-18 for the marine/estuarine methods and Tables A-1-19 to A-1-31 for the freshwater
methods) and summarized in Tables 1-6 and 1-7. Intralaboratory precision data also are presented for acute
toxicity tests and are summarized in Table 1-8. Each laboratory should be establishing a reference toxicant
“record,” including a control chart. EPA's reference toxicant numbers are only meant to show precision of the
methods within EPA faboratories and to serve as guidance for other laboratories. Each laboratory’s reference
toxicant data will reflect conditions unique to that facility, including dilution water, culturing, etc. However, each
laboratory’s reference toxicant CVs should reflect good repeatability. . '

The CVs may be calculated for acute LC5q and chronic ECsg, IC2s, and ICsg data. A mean and range is given for
the chronic no observed effect concentration (NOEC) precision data because an NOEC is not a point estimate
and is dependent on the tightness of the concentration interval employed in the reference toxicant tests (i.e., the
closer the NOEC concentration range the more precise the test is for the reference toxicant). The closer the CV is
to zero, the better. However, CVs should only be compared with the same test protocol/species tested against
the same reference toxicant, Estimates of variability (CVs) should only be applied for specific protocols against a
specific chemical using the same concentration intervals.

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

To date, interlaboratory precision {round robin) tests have been completed for the 7-day Fathead Minnow Lar-
val Survival and Growth Test, the Cladoceran, Ceriodaphnia Survival and Reproduction Test, and the
Sheepshead Minnow Larval Survival and Growth Test. The results of these round robin studies show good
reproducibility for these three methods. Results of the round robin testing will show greater variability (i.e., larger
CVs} due to a larger number of variables introduced by many round robin laboratories participating. Researchers
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in Table 1-8,

{52].

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, 51).
Interlaboratory data also are presented from several acute toxicity tests [46]. The data from these round robin
tests can be found in Appendix A (Tables A-1-5, A-1-23, A-1-24, A-1-27, A-1-28, and A-1.30) and are summarized

Researchers agree that the precision of these tests is acceptable. Rue, Fava, and Grothe concluded that whole
effluent toxicity test methods “are comparable to accepted analytical methodologies™ [S0]. Another study by
Grothe, Kimerle, and Malloch also concluded that when comparing “...CVs for select effluent toxicity test
methods and commonly accepted analytical methods...the precision of both techniques is similar” [51]. This has
led the Agency to conclude “...that toxicity test methods, where properly followed, exhibit an acceptable range
of variability” (see the discussion of toxicity testing requirements for POTWSs, 55 FR 30082 at 30112, july 24, 1990)

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

Flow-through versus Siatic and Renews! Toxiciy Testing

Severa! factors should be considered in making the choice of
toxicity test system. These include the type of toxicity being
measured (i.e., is the effluent highly variable or not; is the dis-
charge continuous or intermittent?); the amount of data needed
(variable effluents may require more data); and, as between differ-
ent systems that will provide adequate data, expense.

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

Online continuous flow-through testing can sample and measure
“peaks” of toxicity should they occur during the testing period. In

variable effluents, however, the test organisms would only be .

exposed to peak toxicity for periods proportional to the flow-
through rate, the duration of the peak in toxicity and length of
the test. Static and static renewal tests also can measure peaks in
effluent toxicity depending on the type of sampling used, and if
the sampling occurs at the time of the toxicity peak.

if the effluent is highly variable and continuously discharged,
either a flow-through or renewa test would be appropriate. Hf 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 6-hour composite samples are most appropri-
ate to measure the peaks of toxicity in an effluent,

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

" characterization of effluent variability.

_HMIWMMMIM

The use of a grab sample or a composite sample is based upon the
objectives of the test and an understanding of the long-term
operations and schedules of the discharger. if the toxicity of the
effluent is variable, grab samples collected during the peaks of
effluent toxicity provide a measure of maximum toxic 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, 2 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, 1B, 19) and in Chapter 3.

Variability

There are three important sources of differences in a water quality
impact analysis:
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Table 1-6. Intralaboratory Precision of Chronic Whoe Effiuent Toxicity Test Methods

Test NOEC Mean Mean Water
Method Range IC25 CV(%) ICso V(%) Compound Used
Cyprinodon variegatus—Survival and Growth
>0.05 - 0.05 mg/l 0.07 41.8 0.13 40.8 Copper AS
0.5-1.0 mg/ 1.5 314 19 318 SDS AS
31125 ug/i2 300.4 33.0 396.9 19.2 Copper NS
1.3-2.5mg/ 2.2 27.6 26 35.3 $DS NS
Embryo larval survival and teratogenicity
: ' ECio ECsp
200 - 240 ug/I2 202 28 2335 25 Copper AS
2.0-4.0 mg/ 19 35 1.7 29 SDS AS
Menidia beryllina — Survival and Growth
31-125ug/? 209.9 437 3408 50.7 Copper NS
1.3+ 0 mg/l 13 43.2 19 9.4 SDS NS
Mysidopsis bahio —5Survival, Growth, and Fecundity )
<0.3-5.0 rngl,ﬂ‘ 5.7 350 69 47.8 - SDS NS
63 - 125 ug/l 138.3 18.0 1858 58 Copper NS
Arbacia punctulata —Fertilization
5.0-12.5 ug/ 235 54.6 45.7 479 Copper AS
1.2-3.3 mg/ 1.7 29.7 24 233 SDS AS
<6.1 - 24.4 ug/® 229 419 299 48.2 Copper NS
0.9 - 1.8 mg/l! 2.58 28.7 3.2 33.3 SDs N§
Champia parvulo— Reproduction
0.5-1.0 ug/? 1.79 61.09 3.35 34.5 Copper NS
0.5- 1.0 ug/l! 0.93 63 14 38.6 Copper AS/NS
0.09 - 0.48 mg/1 0.31 69.0 0.36 37.0 sDS _ AS/NS
0.15 - 0.60 mg/12 0.46 62.3 0.75 22.92 SDS NS
Pimephales promelos— Survival & Growth .
128 - 256 ug/!! —3 — -5 — NAPCPSE W
0.011-0.013mg! -3 — —3 - Cadmium W
Embryo larval survival and teratogenicity LCy
0.011-0.013 mg/i - — 0.0068 62 Cadmium W
0.011-0.013 mg/! - — 1.5 4.3 Diquat W
Ceriodaphnio dubia — Reproduction
0.10 - 0.30 mg/1! 022 . 4113 0.3 279 NAPCP w
0.25 - 1.00 mg/| 0.91 20.5 1.24 15.2 Sodium
Chioride
Selenastrum capricomutum — 96-hour Survival 1Csp
2.1-28¢g/M - - 2.4 10.2 Sodium W
' chloride
Difference of ane test concentration, AS—-artificial seawater,
zomerence of two test concentrations. NS—natural seawater.
35odium dodecyl sulfate. FWfreshwater.
4Diference of four test concentrations, —; Data not available,
SRaw data were unavaliable, so ICa5 and IC50 could not be calculated. . Note: Data used in this table are found in Appendix A-t;
$sodium pentachlorophenol.
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Table 1-7.

Intrataboratory Precision of Acute Whole Effluent Toxicity Test Methods

N (number of tests) CV(%) Compound

Pimephales promelas* 12 40 NAPCP
(96-hour) 9 22 SDS
9 86 Cadmium
Daphnia pulex* 14 36 NAPCP
(48-hour) 10 43 SDS
9 21 Cadmium
Daphnia magnha* 13 10 NAPCP
(48-hour) 8 29 DS
8 72 Cadmium

*Data taken from Draft 1990 Acute Manual.

Table 1-8. Summary of Interlaboratory Variability Data for Whote Effluent Toxicity Test Methods {17, 18, 19, 46)

Test Method NOEC Range IC25 CV(%)!
Chronic
1. Cyprinodon variegatus
7-day growth and survival 1 - 3.2% effluent? 44.2
2. Pimephales promelas
7-day growth and survival <3.0 - 6.0 mg/1? 31.0
potassium chromate
3. Ceriodaphnia dubia
7-day reproduction 0.25 - 0.30 mg/| 1.3 )
NAPCP3
4, Ceriodaphnia dubia ’
7-day reproduction 6 - 12% effiuent2 - -
5. Ceriodaphnia dubia
7-day reproduction <0.25 - 1.0 mg/t 29.0
: sodium chioride
6. Ceriodaphnia dubia 0.25-1.0 mg/l 205
7-day reproduction sodium chloride
Acute Toxicant LCsp CV(%)
7. Cyprinodon variegatus
96-hour static endosulfan 37.7
96-hour flow-through endosulfan 46.2
96-hour static sHver nitrate 34.6
96-hour flow-through silver nitrate 50.1
8. Mysidopsis bahia
96-hour static endosulfan 59.5
96-hour flow-through endosuffan 51.9
96-hour static sitver nitrate 266
96-hour flow-through silver nitrate 223
. TCVemcoetticient of variation,

This represents 2 difference of one exposure concentration.
3NAPCP—Sodium pentschiorophenol.

—: Data unavailable.

Note: Data surmmarized in this table were taken from Appendix A-1.
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e Effluent variabllity is caused by changes in the composi-
tion of the effiuent. Virtually all effluents vary in composi-
tion over time,

* Exposure variability is caused by changes in flow rates of
both effluent and receiving water. There also are variable

receiving water parameters that may be independent of -

flow, such as background toxicant levels, pH, salinity, tides,
suspended solids, hardness, dissolved oxygen, and tem-
perature, that can be important in assessing impact.

* Species sensitivity differences are caused by the differ-
ences in response to toxicants between species.

Each type of variability is discussed below.

 Effluent Variability

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).
Effiuent variability can be addressed by designing proper sam-
pling and testing procedures. Sampling measurements should be
tailored to the toxic effect of concern (i.e., acute or chronic) and
the need to design testing that accounts for effluent variability.
Chapter 3, Effiuent Characterization, describes recommendations
for a testing frequency designed to assess variabie effluents, Ap-
pendix F details suggested sampling procedures.

Appendix A-2 demonstrates the types of effiuent variability that
may be seen in publicly owned treatment works (POTW) effluents
as measured through toxicity testing of the effluents (see Appen-
dix A-2, Tables A-2-1 to A-2-9). The CVs (effluent variability) for
POTW effluents are based on acute LC5p data that range from 19.6
percent to 42 percent effluent, and for IC25 chronic data that range
from 52.8 percent to 101.3 percent. Also in Appendix A-2, Tables
A-2-10 to A-2-12 show acute and short-term chronic effluent
variability data from oil refineries on three species, fathead min-
nows, Ceriodaphnia, and mysids. The CVs associated with this

" effiuent variability data range from 18.7 percent to 54 percent for.

the acute LCgq data, and from 29.8 percent to 59.6 percent for
the chronic NOEC data. Data on effluent variability in various
types of manufacturing facilities are in Appendix A-2, Tables A-2-
13 to A-2-18. Acute toxicity test results show CVs for effluent
variability ranging from 20.3 percent to >53.9 percent.

Tabies A-2-6 to A-2-% in Appendix A-2 Hlustrate the effluent
variability of a POTW effluent over the course of a year in which
gradual upgrading to full secondary treatment ‘was occurring.
Four saltwater short-term chronic toxicity tests were conducted
on the POTW's effluent using the sea urchin fertilization test
(Arbacia punctulata), the red macroalga fertilization test (Charnpia
parvula), the mysid 7.day growth, fecundity and survival test
(Mysidopsis bahid), and the inland silverside 7-day larval growth
and survival test (Menidia berylling). The sea urchin and red
macroalga tests were conducted daily during each of the four 7-
day studies, and provide good examples of the daily variability of
the effluent.

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

were rarely toxic below 10 percent effect concentration and were
not toxic below 0.1 percent effect concentration. This informa-
tion is discussed in Chapter 3, Recommendations for Testing the
Toxicity of Effluents section. .

Exposure Variability :

Exposure variability is a complex factor that can be addressed in
two ways. First, the simplest, easiest applied approach is to
assume a steady state exposure condition (usually an estimate of
presumed “worst case” exposure) using a critical receiving water
flow or condition and a typical effiuent flow.

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

Species Sensitivity Differences

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

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

To provide sufficient information for making permitting ded-
stons, EPA recommends a minimum number of three species,
representing three different phyla (e.g., a fish, an inverte-
brate, and a plant) be used to test an effluent for toxicity.
However, in some cases, the optimum number of species may be

fewer or more depending upon such factors as how thoroughly

the effluent has been characterized, the available receiving water
dilution, the use classification and existing uses of the receiving
water, as well as other special considerations. For example, if an
effluent has been characterized as highty consistent, with little
chance of variation due to batch processes, changes in raw mate-
rials or changes in treatment efficiency, then the use of the two
most sensitive species, or even the one most sensitive species,
may be appropriate as determined on a case-by-case basis.

Since whole effluents are complex mixtures of toxicants, generali-
zations about sensitive and nonsensitive species are difficult to
make. For example, one generalization is that trout are consid-
ered sensitive organisms requiring high-quality water. However,
this generalization may not apply in afl 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 very sensi-
tive when exposed to many toxicants, but relatively insensitive
when exposured to the pesticide endrin. Bluegills are very resis-
tant to metals, particularly copper. Conversely, bluegills are a
sensitive test species for organophosphate pesticides.

Figures 1-7 to 1-9 show the differences in species sensitivities to
hexavalent chromium, dieldrin, and an effluent from a POTW,
respectively [$3]. The wide range between sensitivities for the
different test species is shown. Comparing the figures shows that
the fish, invertebrates, and algae shift relative sensitivities to the
effluents/toxicants. The fish are less sensitive to chromium but
more sensitive to dieldrin, For the cladocerans, the reverse is true.
The results of whole effluent tests using five marine/estuarine
short-term chronic test methods also indicate that no species or
test method is always the most sensitive. 1n a total of 13 effluents
tested onsite, Chompia parvula was the most sensitive in 15 per-
cent, Arbacia punctulata in 54 percent, mysids in 31 percent and
fish in 15 percent of the cases {24].

Analysis of species sensitivity ranges found in the national ambient
water quality criteria [1, 2] indicates that if tests are conducted on
three particular species (Daphnia magna, Pimephales promelas, and
Lepomis macrochirus), the most sensitive of the three will have an
LCsp within one order of magnitude of the most sensitive of all
species tested [S4]. This was found to be true for 71 of the 73
priority pollutants tested with four or more species. '

Sometimes, regulatory agencies require testing on representative
resident species under the assumption that such tests are needed
to assess impact to local biota. EPA considers it unnecessary to
test resident species since standard test species have been shown
to represent the sensitive range of all ecosystems analyzed [54].
Resident species toxicity testing is strongly discouraged unless it is
required by State statute or some other legally binding factor, or it
has been determined that a unique resident species wouid be far
more protective of the receiving water than the EPA surrogate
species. The use of other representative species should be sub-
jected to strict quality assurance and quality control procedures
and should follow rigorous test methodologies that are at least
equivalent to EPA methods, Quality assurance procedures should
account for the use of the same species, the same life stage and
age of individuals, acclimation periods to avoid mortality due to
collection, seasonal variations in populations, habitat requirements,
health of the species cultured, as well as the use of reference
toxicant tests and other standard procedures. To use a resident
organism, a facility would have to develop a protocol to culture
the organism and to assess intra- and interlaboratory variability.
Such testing is more costly, more difficult, and potentially subject
to more variability (disease, age, etc.) than standardized testing.
In any case, organisms collected directly from the receiving water
itself should never be used because existing impairment may
mask any toxicity.

Actrie-to-Chronic Ratlo

The acute-to-chronic ratio (ACR) expresses the relationship be-
tween the concentration of whole effluent toxicity or a toxicant
causing acute toxicity to a species (expressed as an acute toxicity
endpoint such as an L.Csg) and the concentration of whole efflu-
ent toxicity or a toxicant causing chronic toxicity to the same
species (expressed as a chronic toxicity endpoint such as an
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NOEC or its equivalent, i.e,, ACR=ATE/CTE or LC5o/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 ratic compares an acute effect concentration
with a chronic effect concentration.

This parameter can be a source of uncertainty in predicting water
quality impact because the ACR varies between species for a given
chemical and, for any one species, between different toxicants.
The latter is a reason why the ACR for a complex effluent may not
be a constant. Regardless of this variability, when faced with a
limited amount of chronic toxicity data, the reguiatory authority
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must apply some ACR to an effluent or chemical (ar decide to
collect mare 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 devetoping chronic toxicity limits
where chronic toxicity is not measured directly, in order to mini-
mize testing costs, Uikewise, if the toxicity is for the most part
manifested in reproduction, growth, etc. (i.e., nonlethal) end-
points, an acute test may not be appropriate for compliance
monitoring. Where acute and chronic toxicity data are avail-
able, the ACR should be calculated directly for that specific
effluent.

Data on acute and chronic toxicity for complex effluents from
different categories of dischargers (i.e., POTWS, oil refineries, and
chemical manufacturers) show that ACRs for whate 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-
turets, based on data from two species ranged from <1.0 to
>50.0. Acute to chronic ratios for POTWSs based on two species
ranged from 1.4 to 16.1 (these data can be found in Appendix A-
3). Interestingly, this range of ACRs virtually is identical to ACRs
generated on a number of wastewater dischargers in the State of
Sao Paylo, Brazil (Appendix A-3, Tables A-3-1 and A-3-2). Al-
though the acute and chronic toxicities measured in Brazil were
proportionally higher {more toxic) than those measured in the
United States, the ACRs were quite similar (Appendix A-3, Tables
A-3-1 to A-3-3).

EPA recommends that regulatory authorities use a measured
ACR. In the absence of data to deveiop 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 shiould provide
ample protection against chronic instream impacts.

1.4 BIOLOGICAL CRITERIA/BIDASSESSMENT AND
" BIOSURVEY APPROACH FOR AQUATIC LIFE
PROTECTION

As illustrated in Figure 1-10, ecological integrity Is attainable
when chemical, physical, and bioiogical integrity occur simul-
taneously {55). Biological integrity is a good indicator of overail
ecological integrity of aquatic environments because it can pro-
vide both a meaningful goal and a useful measure of environmen-
tal status that relates directly to the overall integrity of the Nation’s
waters. To better protect the biological integrity of aquatic
communities, EPA recommends that States begin to develop
and implement biological criteria in their water quality stan-
dards. Biological criteria, or “biocriteria,” are numerical values or
narrative statements that describe the reference biological integ-
rity of aquatic communities inhabiting waters of a given desig-
nated aquatic life use. When formally adopted into State stan-
. dards, biological criteria and aquatic life use designations serve as

Ecological
integrity

ﬁiologlcal
integrity

Figure 1-10. The Elements of Ecological Integrity

direct, lega! endpoints for determining aquatic life use
nonattainment. Per Section 131.11(b)X2) of the Water Quality
Standards Regulation (40 CFR Part 131), biological criteria can
supplement existing chernical-specific criteria and provide an al-
ternative to chemical-specific criteria where such criteria cannot
be established, Biological criteria quantitatively are developed by
identifying unimpaired or feast-impacted reference waters that
operationally represent best attainable conditions. Once candidate
references are identified, integrated biological surveys (biosurveys)
are used to characterize the resident community. Because of the
complexity of fully characterizing the biological integrity of an
entire aquatic community, State standards should contain bio-
logical criteria that consider various components (measures of
structure and/or function) of the larger aquatic community.

When biological criteria are incorporated into water quality pro-
grams, the biological integrity of surface waters may be directly
evaluated and pratected. 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 ¢riteria. Table 1-9 summarizes how bioiogical
criteria directly and indirectly protect the elements of ecological
integrity {55]. :

.

1.4.1 Use of Biosurveys and Blosssessments in Water Quaiily-
based Yoxics Conirel

A biological assessment, or “bioassessment,” is an evatuation of
the biological condition of a waterbody using biological surveys
and other direct measurements of resident biota in surface waters.
A biological survey, or “biosurvey,” consists of collecting, process-
ing, and analyzing representative portions of a resident aquatic

community to determine the community structure and function.

Biosurveys and bioassessments can be used directly to evaluate
the overall biological integrity (structure and/or functional charac-
teristics) of an aquatic community. Deviations from the biological

- integrity of an aquatic community can be measured directly using

bioassessments and bicsurveys only when the impacted commu-
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Table 1-9. Water Quality Proy;rams That Incorporate Biological Criteria to Protect

Eiements of Ecological integrity
Elements of .
Ecological Integrity Directly Protects Indirectly Protects
Chemical Integrity Chemical-specific criteria (toxics) Biocriteria
Whole effluent toxicity (toxics) (identification of
impairment)
Physical Integrity Criteria for conventionals Biocriteria
(pH, tempature, dissolved oxygen) (habitat evaluation)
Biological Integrity Biocriteria (biota response in Chemical/whole
surface water) effluent testing (biota
response in faboratory)

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

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

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

Biosurvey data should be applied towards:

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

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

+ Classifying outstanding national resource waters.

» 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 arid documenting the receiving
water biological benefits of poliution controls.

1.4.2 Contucting Blosurveys

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

EPA’s Office of Water and several State water quality programs
have developed techniques as guidance to support biosurveys
and bioassessments [56-62]. The techniques are an excellent
supplementary tool to whole effluent toxicity testing and chemi-
cal-spacific techniques. However, it is important that biosurveys
inciude sampling of as many species at different trophic levels as
possible to reveal accurately receiving water community impacts.

Excellent examples of biosurvey/bicassessment 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 test
results and the ambient biosurvey data were based on the recom-
mended minimum of three trophic levels (a fish, invertebrate, and
a plant) to give a good overall picture of what was happening in
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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,
CHEMICAL-SPECIFIC, AND BIOASSESSMENT
APPROACHES

Section 101{a) of the CWA states: “The objective of this Actis to
restore and rnaintain the chemical, physical and biolegical 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 Himitations, Table 1-10 shows EPA guidance, State
implementation, and State application of each approach [55].
The Information summarized in Box 1-6, and discussed in detail
below, explains how each approach complements the other and
why no one of the approaches should be used alone.

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

1.5.1 Capabiilties and Limitations of the Chemical-specific
Approach :

The principat capabilities of the chemical-specific approach are:

= At present, protection of hurnan heaith only can be achieved
by control of specific chemicals.

* A more complete understanding is available on the toxicol-
ogy of specific chemicals. EPA acute ambient water quality
criteria are based on protecting up to a minimum of eight
different organisms including fish, invertebrates, and plants;
a minimum of three organisms are used to develop chronic

criteria. Considerable information is available-in the scien-

tific literature on toxicity caused by specific chemicals.

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

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

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

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

The principal limitations of the chernical-specific approach are:

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

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

* Direct biological receiving water impact and impairment is
not typically measured. There is no way to ascertain di-
rectly if the chemical controls adequately are protecting
aquatic life.

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

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

Criteria EPA Guidance . State Implementation . State Application
Chemical-Specific Pollutant-specific State Standards Permit limits monitoring
numeric criteria -use designation Best management practices
-numeric criteria Wasteload allocations
-antidegradation
Narrative "Free Froms” Whole effluent toxicity Water Quality Narrative - " Permit limits monitoring
guidance -no toxic amounts translator ~ Wasteload allocation
Best management practices
Biological _ Biosurvey minimum State Standards ) Permit conditions monitoring
requirement guidance -refined use Best management practices
-narrative/numeric criteria 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
Chemical-Specific -Human health protection -Does not consider all toxics present
-Complete toxicology -Bioavailability not measured
-Straightforward treatability -Interactions of mixtures {e.g., additivity)
-Fate understood unaccounted for
-Less expensive testing if only -Complete testing can be expensive
a few toxicants are present -Direct biological impairment not
-Prevents impacts measured
Whole effluent toxicity -Aggregate toxicity -No direct human health protection
“Unknown toxicants addressed -Incomplete toxicology
-Bioavailability measured (few species may be tested)
-Accurate toxicology- -No direct treatment
-Prevents impacts -No persistency or sediment coverage
-Conditions in ambient may be different
-Incomplete knowledge of causative
toxicant
Bioassessments -Measures actual receiving -Critical flow effects not always assessed
water effects -Difficult to interpret impacts
-Historical trend analysis -Cause of impact not identified
-Assesses quality above standards  -No differentiation of sources
-Total effect of all sources, -impact has already occurred
including unknown sources -Ngo direct human health protection

1.5.2 Capabliities and Limitstions of the Whole Effluent
Approach

The principal capabilities of whole effluent techniques are:

*

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

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

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

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

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

The principal limitations of whole effluent techniques are:

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

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

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

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

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

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

o It s not always clear which compound or mixture of com-
pounds is causing toxicity in the mixture. The causative
toxicant may be ditficult to identify for control.

1.5.3 Capabilities and Limitations of the Bloassessment
Approach

The principal capabilities of the bioassessment approach are:

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

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

« Biosurveys can identify previously unknown sources of im-
pairment and may identify where site-specific chemical
criteria are needed. Bipassessments can be useful in charac-
terizing ecological impacts to a waterbody in multiple dis-
charge situations.

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

The principal limitations of the bioassessment approach are:

s Bioassessments conducted at critical low fiow 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. Muitiple factors can contribute to measured
impacts. However, bioassessments cannot isolate the caus-
ative factor leading to the impairment nor predict future
impairment.

+ Bioassessments measure impact from any source and as
such, the data bracketing a discharge used to assess im-
pacts may be influenced by pollitant sources further up-

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

 Bioassessments identify water quaiity problems after they
have occurred; they currently are not predictive of water
quality problems. By design, bicassessments 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, whoie 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 histerically less widely
used by regulatory authorities. Bipassessments 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 controt 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, whoie
effluent, and bioassessment approaches into their water qual-
ity-based toxics controf programs. it is EPA’s position that the
concept of “independent application” be applied to water
quality-based situations. Since each method has unique as
well as overlapping attributes, sensitivities, and program ap-
plications; no single approach for detecting impact should be
considered uniformly superior to any other approach. For
example, the inability to detect receiving water impacts using
a biosurvey alone is insufficlent 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 alsc < zn occur—biosurveys may not show any
impact in a stream wriereas 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 madeling of chemical fate and transport
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(which could include probabilistic modeling) to determine if sim-
plifications in dilution calculations projected higher concentra-
tions than would be expected using the detailed model. The
authority also would need to examine concurrently the sampling
approach and analysis of the biosurvey data to determine if it
appropriately characterized the water, Hf there was still a difference,
then the regulatory authority will need to use the more protective
approach as the basis to determine necessary regulatory controls.

1.6  OTHER FACTORS INFLUENCING WATER QUALITY-
BASED TOXICS CONTROL

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

» Toxicity Persistence—How long and to what extent (in
terms of area), does effluent toxicity or the toxicity of a
single toxicant persist after discharge? It is not reasonable
to assume that in alf cases the persistence of both individual
toxic chemicals and effluent toxicity is conservative, For
two effluents of equal initial toxicity, the aquatic effects of
an effluent whose toxicity degrades rapidfy will be different
from an effluent whose toxicity persists.

« Additivity, Antagonism, and Synergism—When toxicants
or effluents with toxic properties mix in the receiving water,
what is their combined fate and toxic effects?

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

Each of these factors is discussed below,

1.6.1 Parsistence

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 foxicity persistence or degradation. After mixing,
the level of toxicity in the receiving water may either remain
relatively constant (until further diluted), increase in toxicity due
to transformation, or degrade due to fate processes (photode-
composition, microbial degradation) or compartmentalization
processes (particulate adsorption and sediment deposition, vola-
tilization).

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

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 protedure describes the steps re-
quired to conduct a laboratory evaluation of the degradation of
toxicity in complex effluents that are released to receiving waters
by simplistically simulating a water body and discharge. EPA
recommends this procedure be conducted where the interac-
tion of sources of toxicants is critical to establishing controls.

This simple procedure is performed in a refrigerator-sized environ-
mental chamber in the laboratory using commonly available
glassware and shipped effiuent 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
efflubnt toxicity in a.stream or lake, and identifying the most
important fate processes responsible for toxicity decay (which
also may be useful in treatability or toxicity identification studies).

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

However, effluent toxicity can exhibit far field decay. Typical
patterns of progressively decreasing downstream toxicity (simifar
to biochemicat oxygen demand decay) have been observed in a
number of freshwater situations [23, 31-38]. This is of concem
when evaluating the combined toxicity of sources located far
apart. If there is reason to suspect that an effiuent’s toxicity is not
persistent, several techniques can be employed to measure changes
of toxicity after discharge:

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

+ 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-
fine or lake receiving waters where the toxicity is not flushed away
rapidly. In one study, on a POTW effluent being discharged into a
small cove off of Narragansett Bay, the decay rate of the effluent
was temperature-dependent and was reduced markedly during
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the winter. However, persistence of the effluent in the receiving
water cove in the winter did present a problem because tidal
flushing did not remove the toxicity [39].

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

1.6.2 Additivity, Antagonism, sad Synergism

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

Alabaster and Lloyd [65] observed from their data that the com-
bined acutely lethal toxicity to fish and other aquatic organisms is
approximately the simple addition of the proportional contribu-
tion from each toxicant. The median value of the effect on fish is
0.95 of that predicted; the collective vaiue for sewage effluents,
river waters and a few industrial wastes is 0.85. The range for
effluents, river wastes, and industrial wastes is 0.4 to 2.8. (Figure
1-11 illustrates the data summary.)
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Figure 1-11. Data Summary on Additivity [65]

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

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

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

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

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

1.6.3 Test interforsnces

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

There may be a few unusual situations where the pH, tempera-
ture, hardness, salinity, and solids requirements of the testing
procedures differ greatly from the worst environmental condi-
tions for these parameters, In these situations, the effiuent toxic-
ity tests may either over or under predict the toxicity in the
amblent receiving water. An example of this is where ammonia is
present and the highest expected ambient water temperature is
20°C whereas the chronic toxicity test must be conducted at
25°C, Since a higher temperature causes more ammonia toxicity,
the temperature requirements of the test may induce toxicity not
found in the ambient water. In such an instance, the regulatory
authority must look carefully at the test protocols and alt 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 necessary to make this determination. If this analysis
shows a toxicity test result 1o be artificial due to environmentat
parameters, then that test should be overridden by subsequent
valid toxicity tests conducted.

1.7 HUMAN HEALTH PROTECTION

Impacts on human health due to exposure to waterbome toxi-
cants can occur through three primary exposure routes: contact
recreation, drinking water, and the ingestion of contaminated fish
and shellfish tissues. Contact recreation may pose potential risks
- due to dermal absorption and incidental ingestion. Exposure
through drinking water is a significant concern but can be miti-
gated for specific chemicals by applying drinking water criteria.
The third exposure route, human consumption of contaminated
aquatic life, is of primary concem in this document due to the
potentially high concentrations achieved in fish and shelifish 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 criteria protect against the consumption of
contaminated water and aquatic life. There is no mechanism like
the aquatic toxicity test to determine the effect of a chemical
mixture fike an effluent on human health. EPA is developing,
however, a preliminary approach to analyzing effluents for
bicaccumulation potential through the use of a whole effluent
bioconcentration analysis foltowed by identification of individual
bloconcentratable pollutants [66]. This procedure is described in
Chapter 3. Once this method is reviewed (both intemally and
externally) and finalized, it wilt provide another way for regufatory
authorities to assess bioconcentratable pollutants.

1.7.1 Types of Health Effects

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

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

small number of molecular events can evoke changes in a singte
cell that can lead to uncontrolied cellular profiferation. This
mechanism for carcinogenesis is referred to as “nonthreshold,”
since there is essentially no level of exposure for such a chemical
that does not pose a small, but finite, probability of generating a
carcinogenic response. Genotoxic pollutants are presumed to
have no threshoid 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 chemicais that give rise to toxic endpoints other
than cancer because of their effects on the function of various
organ systems, Such chemicals are pres.: =d to have safe expo-
sure levels. This characteristic distingu:: - 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 poflut-
ants individually, There are whole effiuent tests that can measure
a wastewater’s potential to cause carcinogenicity or mutagenicity
(e.g., Ames test). However, the application of such data is experi-
mental because of the difficulty in establishing cause/effect rela-
tionships between exposure to wastewaters and human health
problems. Therefore, at this time EPA recommends regulatory
authorities focus on controls for bioconcentratable toxicants on a
chemical-by-chemical control basis.

The remaining information regarding regulation of human health
impacts is contained in the following chapters: Chapter 2, Water
Quality Standards, discusses the development and updating of
human health water quality criteria. Chapter 3, Effluent Charac-
terization, discusses the evaluation of effluents for potential hu-
man health impacts, Chapter 4, Exposure and Wasteload Alloca-
tion, contains information on design conditions and averaging
periods. Finalty, Chapter 5, Permit Requirements, discusse: 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 apphcabon of water quality stan-
dards.

2.1.1 Overview of Water Qusiity Standards

A water quality standard defines the water quality goals of a water
body, or portion therecof, by designating the use or uses to be
made of the water, by setting criteria hecessary to protect the
uses, and by establishing antidegradation policies and implemen-
tation procedures that serve to maintain and protect water qual-
ity. States adopt water quality standards to protect public health
or welfare, enhance the quality of water, and serve the purposes
of the Clean Water Act (CWA). “Serve the purposes of the Act”
(as defined in Sections 101(a), 101{a)(2), and 303(c) of the Act)
means that water quality standards should (1) include provisions
for restoring and maintaining chemical, physical, and biological
integrity of State waters; (2) provide, wherever attainable, water
quality for the protection and propagation of fish, shellfish, and
wildlife and recreation in and on the water (“fishable/swimmable*);
and (3) consider the use and value of State waters for pubtic water
supplies, propagation of fish and wildlife, recreation, agriculture
and industrial purposes, and navigation.

The CWA describes various uses of waters that are considered
desirable and should be protected. These uses include public
water supply, recreation, and propagation of fish and wildiife.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 131.10(a)).
EPA’s regulations emphasize the uses specified in CWA Section
101(a)(2), but do not preciude 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 101(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 131.10(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 timits under
CWA Section 301(b)(1XA) and (B) and Section 306 are imple-
mented for point source discharges and when cost-effective and
reasonable best management practices are implemented for
nonpoint sources. The Water Quality Standards regulation speci-
fies the conditions under which States may remove uses or estab-
lish subcategories of uses. Among these are that the State must

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 2 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/
switnmable” use that requires less stringent criteria, requires the

‘State to conduct a use attainability analysis. Technical guidance

on cenducting use attainability analyses is available from EPA
{e.q., Chapter 3 of the Water Quality Standards Handbook (1983)
{1), and Technical Support Manual: Waterbody Surveys and Assess-
ments for Conducting Use Attainability Analyses (1983) (2).

In the Water Quality Standards regulation, Section 131.11 en-.
courages States to adopt both numeric and narrative criteria.
Aquatic life criteria should protect against both short-term (acute)
and long-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 criteria also
may be the best way to address nonpoint source pollution prob-
lems. Narrative criteria can be the basis for limiting toxicity in
waste discharges where a specific poliutant 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 131.11(a)(2) requires States to
develop implementation procedures that explain how the State
will ensure that narrative toxics criteria are met.

EPA's water-quality -standards -regulation requires each State to

adopt, as part of its water quality standards, an antidegradation
policy consistent with 40 CFR 131.)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 131.12 effec-
tively sets out a three-tiered approach for the protection of water
quality.

“Tier 1" (40 CFR 131.12(a)(1)) of antidegradation maintains and
protects existing uses and the water quality necessary to protect
these uses. An existing use can be established by demonstrating
that fishing, swimming, or other uses have actually occurred since
Novernber 28, 1975, or that the water quality is suitable to aliow
such uses to occur, whether or not such uses are designated uses
for the waterbody in question. {Compare Sections 131.3(e) and
131.3(f) of the existing regulation.) For example, in an area
where shelifish are propagating and surviving in a biologically -
suitable habitat, the shellfish use is existing, whether or not people
are harvesting the shellfish. The aquatic life protection use is a
broad category requiring further explanation, which may be found
in the Water Quality Standards Handbook.
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“Tier II” {Section 131.12(a)(2)) protects the water quality in wa-
ters whose quality is better than that necessary to protect “fishable/
swimmable” uses of the waterbody. 40 CFR 131.12(a)(2) requires
that certain procedures be followed and certain showings be
made before lowering water quality in high-quality waters, These
showings may be called an “antidegradation review.” in no case
may water quality on a Tier | waterbody be lowered to the level at
which existing uses are impaired. The Tier Il protection usually is
applied on a parameter-by-parameter basis (calied the defini-
tional approach te Tier I). This approach is applied on a case-by-
case basis so that, if the level of any parameter is better than water
quality standards for that waterbody, then an antidegradation
review will be performed for any activity that could reduce the
leve! of that parameter.

Outstanding nationalresource waters (ONRWSs) are provided the
highest level of protection under the antidegradation policy (Tier
MY no degradation is allowed. ONRWS include the highest-
quality waters of the United States. However, the ONRW
antidegradation classification also offers special protection for
waters of “exceptional ecological significance,” i.e., those
waterbodies that are important, unique, or sensitive ecologicalfy,
but whose water quality, as measured by the traditional param-
eters such as dissolved oxygen or pH, may not be particularly
high. Waters of exceptional ecological significance may also
include waters whose characteristics cannot be described ad-
equately by traditional parameters (such as wetlands and estuaries).

States may, at their discretion, adopt certain policies in their
standards affecting the application and implementation of stan-
dards. For example, policies concerning mixing zones, variances,
low-flow exemptions, and schedules of compliance for water
quality-based permit limits may be adopted. Although these are
areas of State discretion, EPA retains authority to review and
approve or disapprove such policies (see 40 CFR 131.13). Guid-
ance on these subjects is available from EPA’s Office of Water
Regulations and Standards, Criteria and Standards Division.

2,1.2 Water Quality Standards and Siaste Toxics Control
' Programs '

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) include more
specific requirements. for the particular toxicants listed in CWA
Section 307(a). For regulatory purposes, EPA has translated the
65 compounds and families of compounds listed in Section 307(a)
inte 126 specific substances that EPA refers to as priority toxic
pollutants. The 126 priority toxic pollutants are listed in Appendix
A of 40 CFR Part 423, Because of the more specific requirements
for priority toxic pollutants, it is convenient to organize the re-
quirements applicable to State adoption of criteria for toxicants
into three categories:

* Requirements applicable to priority toxic poliutants that
have been the subject of CWA Section 304(a)(1) criteria
guidance

« Requirements applicable to priority tokic pollutants that
have not been the subject of CWA Section 304(a)(1) criteria
guidance and

* Requirements applicable to all other toxicants (i.e.,
nonpriority toxic pollutants),

The criteria requirements applicable to priority toxic polutants
(i.e., the first two categories above), are specified in CWA Section .
303(c}2)B). On December 2, 1988, EPA sent “Guidance for
State Implementation of Water Quality Standards for CWA Sec-
tion 303(c)2XB)" to each of its Regions and to each State water
pollution control agency. The guidance contained three options
for implementing the new numeric <riteria 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 poliutant could reasonably be expected to inter-
fere with designated uses; or (3) adopt a specific procedure in the
standards to “transiate” the State’s narrative “free from toxics”
standard to derived numeric criteria,

The transmittal memorandum for the Section 303(c)(2)(B) na-
tional guidance expresses the Office of Water position regarding
priority toxic pollutants that may “reasonably be expected” to
interfere with designated uses, That memorandum and guidance
established a rebuttable presumption that any 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 goat is not justto
identify pollutants that are already impacting surface waters, but
rather to identify pollutants that may be impacting surface waters
now, or have the potential to do so in the future. Lack of detaiied
or widespread monitoring data is not an acceptable basis to omit
numerical (or derived numerical) criteria from water quality stan-
dards under Options 2 and 3. Even a limited amount of monitor-
ing data indicating the discharge or presence of priority toxic
pollutants in surface waters is sufficient basis to conclude that
numerical (or derived numerical) criteria are necessary.

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

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

Where EPA has not issued Section 304(a) criteria guidance, but
available laboratory toxicity {bioassay) data are sufficient to sup-
port derivation of chemical-specific criteria, States should consider
deriving and adopting numeric criteria for such priority toxic
poliutants. 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 cherical-specific and other approaches is nec-
essary {e.g., pollutants where bicaccumulation in fish tissue or
water consumption by humans is a primary concern).

Criteria requirements applicable to toxicants that are not priority
toxic pollutants (i.e., the third category above), are specified in
the 1983 water quality standards regulation (see 40 CFR 131.11).
Under these requiréments, States must adopt criteria based on
sound scientific rationale that cover sufficient parameters to pro-
tect designated uses. Both numeric and narrative criteria are
addressed by these requirements.

Numeric criteria are required where such criteria are necessary to
protect designated uses. ‘Numeric criteria to protect aquatic life
should be developed to address both Short-term (acute) and
long-term (chronic) effects, Saltwater species, as well as freshwa-
ter species, must adequately be protected. Adoption of numeric
criteria is particularly important for toxicants known to be impair-
ing surface waters and for toxicants with potential human health
impacts (e.g., those with high bioaccumulation potential). Hu-
man health should be protected from exposure resulting from
consumption of water and fish or other aquatic life (e.g., mussels,
crayfish). Numeric water quality criteria also are usefu! in address-
ing nonpoint source pollution problems,

In evaluating whether chemical-specific numeric criteria for toxi-
cants are required, States should consider whether other ap-
proaches (such as whole effluent toxicity criteria or biological

controls) will ensure full protection of designated uses. As men-. -

tioned above, a combination of independent approaches may be
required in some cases to support the designated uses and com-
ply with the requirements of the water quality standards regula-
tion (e.g., pollutants where bioaccumutation 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.

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

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

has not adopted chemical-specific numeric criteria. Narrative
ciiteria also can be the basis for establishing whole effluent toxic-
ity controls required by EPA regulations at 40 CFR 122.44(d)(1)(v).

To ensure that narrative criteria for toxicants are attained, the
water quality standards regulation requires States to develop
implementation procedures (see 40 CFR 131.11(a)}(2)). Such
implementation procedures (Box 2-1) should address all mecha-
nisms used by the State to ensure that narrative criteria are
attained. Because implementation of chemical-specific numeric
criteria is a key component of State toxics control programs,
narrative criteria implernentation 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
implernent 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 uitimately require, State implementa-
tion procedures to provide for implerentation of biological crite-
ria. However, the regulatory basis for requiring whole effluent
toxicity controls is clear. EPA regulations at 40 CFR 122.44(d)(1)(v)
require NPDES permits to contain whole effluent toxicity limits
where a permittee has been shown to cause, have the reasonable
potentiai to cause, or contribute to an in-stream excursion of a
narrative criterion. Implementation of chemical-specific controls
also is required by £PA 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 specify needed application criteria.

In addition to EPA's regulation at 40 CFR Part 137, EPA has regu-
lations at 40 CFR 122.44 that cover the National Surface Water
Toxics Control Program. These regulations intrinsically are linked
to the requirements to achieve water quality standards, and spe-
cifically address the control of pollutants both with and without
numeric criteria. For example, Section 122.44(d)(1)(vi) provides
the permitting authority with séveral options for estabiishing
effluent limits when a State does not have a chemical-specific
numeric criteria for a pollutant present in an effluent at a concen-
tration that causes or contributes to a violation of the State's
narrative criteria.

2.2 GENERAL CONSIDERATIONS

2.2.1 Magnitude, Duration, snd Frequency

As stated earlier, criteria are specifications of water quality de-
signed to ensure protection of the designated use, EPA criteria are
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Box 2-1. Components of an ldeal State Implementation Procedure

¢ Specific, scientifically defensible methods by which the State will implement its narative toxics standard for all
toxicants, mcludmg

- Methods for ghemical-specific crterta, including methods for applying chemical-specific criteria in per-
mits, developing or modifying chemical-specific criteria via a “transiator procedure” {defined and
discussed below), and calculating site-specific criteria based on local water chemistry or biology

- Methods for developing and implementing whole effluent toxicity criteria and/or controls
- Methods for developing and implementing biologicat criteria.

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

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

- Methods the State will use to identify thosepollutants to be regulated in a specific discharge
- Anincremental cancer risk level for carcinogens

- Methods for identifying compliance thresholds inpermits where calculated limits are below
detection

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

- Methods or policies controlling the size and in-zone quality of mixing zones

- Design flows to be used in translating chemical-specific numeric criteria for aquatic life and human’
health into permit limits

- Other methods and information that will be needed to apply standards on a case-by-case basis.

developed as national recommendations to assist States in devel- concentration does not exceed (4) ug/L more than once
oping their standards and to assist in interpreting narrative stan- every three years on the average.
dards. EPA criteria or guidance consist of three components:
In this exampie generic statement, the following terms are in-
* Magnitude—How much of a pollutant {or pollutant param- serted at: .
. eter such as toxicity), expressed as a concentration, is allow-

able, (1) — either “freshwater” or "saltwater”
* Duration—The period of time (averaging period) over which (2) — the name of the pollutant
the instream concentration is averaged for comparison with . .
criteria concentrations. This specification limits the dura- (3) — the lower of the chronic-effect or residue-based
tion of concentrations above the criteria, concentrations as the criterion continuous con-
centration (CCC)

= frequency—How often criteria can be exceeded.
{4) — the acute effect-based criterion maximum con-

A typical aquatic life water quality criteria statement contains a centration (CMC).

concentration, averaging petiod, and retumn frequency, stated in

the following format: Defining water quality criteria with an appropriate duration and

frequency of excursions helps to ensure that criteria appropriately

The procedures described in the Guidefines for Deriving are considered in developing wasteload allocations (WLAs), which
National Water Quality Criteria for the Protection of Aquatic are then translated into permit requirements. Duration and fre-
Organisms and Their Uses indicate that, except possibly quency may be defined in the design stream flow appropriate to
where a locally important species is very sensitive, (1) the criterion. However, in these cases, the State should provide-
aquatic organisms and their uses should not be affected an evaluation that the selected design stream fiow approximates
unacceptably if the four-day average concentration of the recommended duration and frequency.

{2) does not exceed (3) ng/L more than once every
three years on the average and if the one-hour average

32

18934



222 Mixing Zones

It is not always necessary to meet all water quality criteria within
the discharge pipe to protect the integrity of the waterbody as a
whole. Sometimes it is appropriate to allow for ambient concen-
trations above the criteria in small areas near outfalls. These areas
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 conse-
quences, they should be carefully evaluated and appropriately
limited in size. As our understanding of poliutant impacts on
ecological systems evolves, there may be cases identified where
no mixing zone is appropriate,

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

For application of two-number aquatic life criteria, there may be
up to two types of mixing zones (Figure 2-1). In the zone
immediately surrounding the outfall, neither the acute nor the
chronic criterion is met. The acute criterion is met at the edge of
this zone. In the next mixing zone, the acute, but not the
chronic, criterion is met. The chronic criterion is met at the edge
of the second mixing zone.

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

Outfall

\Acute criteria met

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

The CWA allows mixing zones at the discretion of the State [1].
EPA recommends that States have a definitive statement in
their standards on whether or not mixing zones are allowed.
Where mixing zones provisions are part of the State standards,
the State should describe the procedures for defining mixing
zones.

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

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

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

if a full analysis of concentrations and hydraulic resi-

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

Where mixing zone toxicity is evaluated using the probit
approach described in the water quality criteria
“Bluebook” [3], or using models of toxicant accumula-
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tion and action in organisms (described by Mancini [4]
or Erickson et al. [S]), 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, caition 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. 1 the total area
affected by elevated concentrations within all mixing zones com-
bined is small compared to the total area of a waterbady (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 unigue or critical habitats. EPA has developed
a multistep procedure for evaluating the overall acceptabiiity of
mixing zones [6).

For protection of human health, the presence of mixing zones
should not result in significant heatth risks, when evaluated using
reasonable assumptions about exposure pathways. Thus, where
drinking water contaminants are a concern, mixing zones should
not encroach on drinking water intakes. Where fish tissue resi-
dues are a concern {either because of measured or predicted
residues), mixing zones should not be projected to result in
significant health risks to average consumers of fish and shellfish,
after considering exposure duration of the affected aquatic or-
ganisms in the mixing zone, and the pattems of fisheries use in
the area.

While fish tissue contamination tends to be a far-field problem

affecting entire waterbodies rather than a narrow-scale problem.
confined to mixing zones, restricting or eliminating mixing zones -

for bicaccumulative pollutants may be appropriate under condi-
tions such as the following:

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

* Mixing zones might be denied where such deniaf is used as
a device to compensate for uncertainties iri the protective-
ness of the water quality criteria or uncertainties in the
assimilative capacity of the waterbody,

2.3 WATER QUALITY CRITERIA FOR AQUATIC LIFE
PROTECTION

2.3.1 Development Process for Criteria

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,
all 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 avaitable, they are used to
derive the acute criterion. f 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 recornmended criteria to ac-
count for site-specific or other scientifically defensible factors. in
cases where additional toxicological data are needed to modify or
develop criteria, the discharger may be required to generate the
data. Guidance on modifying national criteria is found in the
handbook [1]. When a criterion must be developed for a chemni-
cal for which a national criterion has not been established, the
regulatory authority should refer to the. Guideiines for Deriving Cri-
teria for Aquatic Life and Human Health (see 45 FR 79341, Novem.-
ber 28, 1980, and 50 FR 30784, July 29, 1985).

2.3.2 Magnitude for Single Chemicals

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

Most State standards include numerical criteria for a limited num-
ber of individual toxic chemicals. Therefore, evaluation and con-
trol of toxic pollutants is based on maintenance of the designated
use and often-relies on the narrative criterion prohibiting toxic
substances in toxic amounts. The adverse effects of concern wilt
depend on the designated use and the chemical. Bipaccumulation
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 cherical is used when standards do not
include specific numerical criteria. Such information can include
EPA criteria documents, published literature reports, or studies
conducted by the discharger.

As mentioned in Section 2,1.2, water quality-based controls may
be based directly on the State’s technical determination of what
concentration of a specific potiutant meets the State's narrative
“free from” toxics criterion, Although EPA water quality standards
regulation requires that the State’s pracess 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 guality-based controls and therefore a case-by-case
interpretation of the narrative criterion may be necessary.
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2.3.3 Magnitude for Wiole Effiwent Toxlcity

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
natignal criteria developed under CWA Section 304(a) for whole
effluent toxicity. Acute and chronic toxicity units (TUs) are a
mechanism for quantifying instream toxicity using the whole
effluent approach. The procedure to implement the namative
criteria using a whole effluent approach should specity the testing
procedure, the duration of the tests (acute or chronic), the test
species, and the frequency of testing required.

EPA’s recommended magnitudes for whole effluent toxicity are as
fallows {again, two expressions of allowable magnitude are used):
a CMC to protect against acute (short-term) effects and.a CCCto
protect against chronic (long-term) effects, For acute protec-
tion, the CMC should be set at 0.3 acute toxic unit (TU,) to the
most 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 LCsp endpoint of an acute toxicity test (50
percent mortality) to an LCq value (virtually no mortality). Spe-
cifically, a facter of 0.3 was found to include 91 percent of
observed LC to LCgg ratios in 496 effluent toxicity tests as illus-
trated in Figure 2-2, This figure presents effiuent toxicity data
from many years of toxicity testing of both industrial and munici-
pal effluents by the Environmental Services Division, U.5. EPA
Region IV, Athens, Georgia.
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Figure 2-2. LCq to LCgg Ratios for Effluent Toxicity Tests
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For chronic protection, the CCC should be set at 1.0 chronic
toxic unit (TU,) to the most sensitive of at least three test
species. The selection of test organisms is as described above. A
1.0 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 Doration for Singie Chemicals and Whole Effiuent Yoxicity

The quality of an ambient water typically varies in response to
variations of effluent quality, stream fiow, 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 ¢riteria 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, o .

For acute criteria, EPA recommends an averaging period of 1
hour. That is, to protect against acute effects, the 1-hour average
exposure should not exceed the CMC. The 1-hour acute averag-
ing period was derived primarily from data on response time for
toxicity to ammonia, a fast-acting toxicant. The 1-hour averaging
period is expected to be fully protective for the fastest-acting
toxicants, and even more protective for slower-acting toxicants,
Scientifically justifiable alternative (site-specific) averaging periods
can be derived from (1) data relating toxic response to exposure
time, if coupled with considerations of delayed mortality (mortality
occurring after exposure has ended), or (2) models of toxicant
uptake and action, such as presented by Erickson [5] and Mancini
et al. [4].

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

For chronlc ¢riteria, EPA recommends an avéraging period of 4
days. That is, the 4-day average exposure should not exceed the
CCC. Different chronic averaging periods could be derived, de-
pending on the nature of the pollutant and the toxic endpoint of
concern (€.9., the rate of uptake and accumulation, and the mode
of action).

The toxicity tests used to establish the nationat criteria are con-
ducted using steady exposure fo toxicants usually for at least 28
days. The test concentrations do not fluctuate as much as typically
occurs instream. As the period of averaging increases, so too does
the period of time the exposure concentrations can be above the
criterion concentration without exceeding the average. The sig-
nificant consideration involved in setting duration criteria is how
long the exposure concentration can be above the critetion 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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2.3.5 Froquency for Single Chemicals and Whole Effisent
Toxichy

To predict or ascertain the attainment of criteria it is necessary to
specify the allowable frequency for exceeding the criteria. This is

because it is statistically impossible to project that criteria will

never be exceeded. As ecological communities are naturally
subjected to a series of stresses, the allowable frequency of pollut-
ant stress may be set at a value that does not significantly increase
the frequency or severity of all stresses combined.

EPA recommends a once in 3.year average frequency for
excursions of both acute and chronic criteria, These recom.-
mendations apply to both chemical-specific and whole effluent
approaches. However, the allowable frequency depends on site-
specific factors. To implement alternative frequencies, site-spe-
cific factors (see Appendix D) or other data or analyses should be
taken into account. In all cases, the recommended frequency
applies to actual ambient concentrations, and excludes the influ-
ence of measurement imprecision.

EPA established its recommended frequency as part of its Guidelines
for Deriving Criteria, tast issued in 1985 [8]. EPA selected the 3.
year retumn interval with the intent of providing a degree of
protection roughly equivalent to a 7Q10 design flow condition,
and with some consideration of rates of ecological recovery from
a variety of severe stresses. Because of the nature of the ecological
recovery studies available, the severity of criteria excursions could
not be related rigorously to the resulting ecological impacts.
Nevertheless, EPA derives its criteria intending that a single mar-

ginal criteria excursion (i.e., a slight excursion over a 1-hour

period for acute or over a 4-day period for chronic) would result in
little or no ecological effect and require little or no time for
recovery, !f the frequency of marginal criteria excursions is not
high, it can be shown that the frequency of severe stresses,
requiring measurable recovery periods, would be extremely small,
EPA thus expects the 3-year return interval to provide a very high
degree of protection,

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

The concentration, duration, and frequency provisions of the
criteria are implemented through the development of WLAs and
water quality-based effluent limits. As discussed in Chapter 4, the
duration and frequency recommendations are implemented di-
rectly if a dynamic modeling approach is used to develop WiAs
and permit limits, However, if a steady-state approach is used, a
design condition is needed for the calculations.

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

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

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

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

. 2.4 WATER QUALITY CRITERIA FOR HUMAN HEALTH

PROTECTION

2.4.1 Overvisw

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

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

The purpose of the following section is to provide a review of
EPA’s procedures used to develop assessments of human health
effects in developing water quality criteria and reference ambient
concentrations. A complete human health effects discussion is
included in the {draft) Guidelines and Methodology Used in the
Preparation of Health Effects Assessment Chapters of the Consent
Decree Water Documents by EPA’s Environmental Criteria and As-
sessment Office (ECAQ). The procedures contained in the ECAQ
document are used In the development and updating of EPA
water quaiity criteria and may be used in developing reference
ambient concentrations (RACs) for those poliutants lacking EPA
human health criteria. Although the same procedures are used to
develop criteria and RACs, only those values that are subjected to
the regulatory process of regional, State, and public comment
can be considered “criteria.” RACs may be applied as site-specific
interpretations of narrative standards and as a basis for permit
fimits under 40 CFR 122.44 ()T Xvi).
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Procedures also are provided in this chapter to develop values
called reference tissue concentrations (RTCs) that can be used in
assessing or monitaring fish tissues for unacceptable resicdues.

2.4.2 Magaitude and Duration

Water quality criteria for human health contain only a single
expression of allowable magnitude; a criterion concentration gen-
erally to protect against long-term (chronic) human health effects.
Currently, national policy and prevailing opinion in the expert
community dictate that the duration for human health criteria for
carcinogens be derived assuming lifetime exposure, taken to be a
70-year time period. The duration of exposure assumed in deriv-
ing criteria for noncarcinogens is more complicated due to a wide

variety of endpoints: some developmental (and thus age-specific

and perhaps sex-specific), some lifetime, and some, such as or-
ganoleptic effects, not duration-related at all. Thus, appropriate
durations depend on the individual noncarcinogenic pollutants
and the endpoints or adverse effects being considered.

2.4.3 Human Exposure Considerations

A complete human exposure evaluation for toxic poliutants of
concern for bioaccumulation would not only encompass esti-
mates of exposures due to fish consumption, but also exposure
due to background concentrations and other exposure routes,
including recreational and occupational contact, dietary intake
from other than fish, inhalation of air, and drinking water. How-
ever, the focus of this document is on ingestion of contaminated
fish tissue, a direct human exposure route of potentially significant
risk. (For the human health sections in this document the term
“fish” generally is used to mean both fish and shellfish.) The
consumption of contaminated fish tissue is of serious concern
since the presence of even extremely low ambient concentrations
of bicaccu-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 expaosures from consuming contaminated
fish vary depending upon a number of case-specific consumption
factors. These factors include type of fish species consumed, type
of fish tissue consumed, tissue lipid content, consumption rate
and pattern, and food preparation practices. In addition, de-
pending on the spatial variability in the fishery area, the behavior
of the fish species, and the point of application of the RAC or
criterion, the average exposure of fish may be only a smali 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 sheilfish, such as oysters, snails, and mussels, whole body
tissue consumption commonly occurs, whereas with fish, muscle
tissue and roe are most commonly eaten. This difference in the
types of tissues consumed has implications for the amount of
available bioaccumulative contaminants likely to be ingested.
Whole body shellfish consumption presumably means ingestion
of the entire burden of bicaccumulative contaminants. However,
with most fish, selective cleaning and removal of intemal organs,
and sometimes body fat as well, from edible tissues, may result in

removal of much of the lipid material in which bicaccumulative
contaminants tend to concentrate.

2.4.4 Fish Consumption Vaiues

EPA’s human health criteria have assumed a human body weight
of 70 kg and the consumption of 0.0065 kg of fish and shellfish
per day. Based on data collected in 1973-1974, the national per
capita consumnption 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 [10].

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

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

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

* 165 g/day to represent consumption of fish and shelifish
from marine, estuarine, and freshwaters by the 99.9th
percentile of the U.S. population consuming the most fish
or seafood [12].

* 180 g/day to represent a “reasonable worst case” based on
the assumption that some individuals would consume fish

. at a rate equal to the combined consumption of red meat,
poultry, fish, and shellfish in the United States (EPA Risk
Assessment Council assumption based on data from the
U.5, Department of Agriculture Nationwide Food Con-
sumption Survey of 1977-1978).

EPA currently is updating the national estuarine and freshwater
fish and shelifish 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 consurme 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, Hlinois, and Arizona)
tse the above mentioned 20 g/day value. For sait waters Delaware
uses another EPA value, 37 g/day [13). In general, EPA recom-
mends that the consumption values used in deriving RACs from
the formulas in this chapter reflect the most current relevant and/
or site-specific information available.
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2.4.5 Bloaccumuintion Considerstions for Raterence Amblent
Conceniration Development

The ratio of the contaminant concantrations in fish tissue versus
water is termed either the bloconcentration factor (8CF) 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 faboratory conditions, measure-
menits 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-walter 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 fevels, and to chemicals
with log P close to 6.5. For chemicals with log P values greater
than about 7, there is some uncertainty regarding the degree of
bioaccumulation, but generally, trophic level effects appear to
decrease due to slow transport kinetics of these chemicals in fish,
the growth rate of the fish, and the chemical's relatively low
biocavailability,

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 iife, Under such conditions of migration,
fish would only receive a small portion of the chemical and never
come into equilibrium, In addition, trophic tevel for a given fish
species will vary with life stage and structure of the food chain.

in this document, bioaccumulation considerations are integrated
inta the RAC equations in Sections 2.4.7 and 2.4.8 by using food
chain muitipliers (FMs) with the BCF. The hioaccumulation and
bioconcentration factors for a chemical are related as follows:

BAF = FM x BCF

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

In this process, bicaccumuilation considerations are included by
incorporating the FM term with the BCF in calculating the RTCs
and RACs. In Table 2.1, FM values derived from the work of
Thomann [14, 15] are listed according to log P value and trophic
level of the organism. Trophic level 4 organisms are typicatly
the most desirable species for sport fishing and therefore,
¥Ms for trophic level 4 generally should be used in the equa-
tions for calculating RTCs and RACs. In those very rare situations
where only lower trophic level organisms are found, e.g., possibly
oyster beds, an FM for a lower trophic level may be used in
calculating the RTCs and RACs.

Measured BAFs (especially for those chemicals with log P values
above 6.5) reported in the literature should be used when avail-
able. To use experimentally measured BAFs in caiculating 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 specific ecosystem where they were devel-

Table 2-1. Estimated Food Chain Multipliers

. Trophic tevels
Log P 2 3 4
3.5 1.0 1.0 1.0
36 1.0 1.0 1.0
3.7 1.0 1.0 1.0
3.8 1.0 1.0 1.0
39 1.0 1.0 1.0
40 1.1 1.0 1.0
4.1 1.1 1.1 1.1
4.2 1.1 1.1 1.1
43 1.1 11 11
4.4 1.2 1.1 1.1
4.5 1.2 1.2 1.2
4.6 1.2 1.3 1.3
4.7 1.3 1.4 1.4
4.8 1.4 1.5 16
4.9 1.5 1.8 2.0
5.0 15 2.1 26
5.1 1.7 25 . 3.2
5.2 1.9 3.0 43
53 22 3.7 5.8
5.4 24 4.6 8.0
55 28 5.9 1"
5.6 3.3 7.5 16
5.7 39 9.8 23
58 4.6 13 33
59 56 17 47
6.0 6.8 21 67
6.1 8.2 25 75
6.2 10 2 84
6.3 13 34 92
6.4 15 39 98
6.5 19 45 100
26.5 19.7° 45" 100"

* These recommended FMs are conservative estimates; FMs for log P
values greater than 6.5 may range from the values given to as low as
0.1 for contaminants with very 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
the necessary experimental and quality controls.

2.4.6 Updating Human Heallh Criteris and Generating RACs
ising RIS :

EPA recommends using the most current risk information
when updating criterla and generating RACs. The integrated
Risk Information System (IRIS) is an electronic online data base of
the U.S. EPA that provides chemical-specific risk information on
the relationship between chemical exposure and estimated hy-
man health effects [16). Risk assessment information contained in
the IRIS, except as specifically noted, has been reviewed and
agreed upon by an interdisciplinary group of scientists represent-
ing various program offices within the Agency and represent an
Agencywide consensus. Risk assessment information and values
are updated monthly and are approved for Agencywide use. -
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The IRIS is intended to make risk assessment information readily
available to those individuals who must perform risk assessments
and also to increase consistency among risk assessment/risk man-
agement decisions. The IRIS is available to Federal and some State
and local environmental agencies through the EPA’s electronic
MAIL system and aiso is available to the public through the Public
Health Network and TOXNET. Since IRIS is designed to be a
publicly available data base, interested parties may submit studies
or documents for consideration by the appropriate interdiscipli-
nary review group for chemicals currently on the IRIS or scheduled
for review. Information regarding the submission of studies of
chemicals may be obtained from the IRIS Information Submission
Desk. In addition to chemical-specific summaries of hazard and
dose-response assessments, the IRIS contains a series of sections
identified by service codes that serve as a user's guide as well as
provide background documentation on methodology. Addi-

tional information is avaHable from IRIS Users Support: 513/FTS -

684-7254,

The IRIS contains two types of quantitative risks values: reference
dose (RID) and the carcinogenic potency estimate or slope factor.
The RfD (formerly known as the acceptable daily intake or AD) is
the human health hazard assessment for noncarcinogenic (target
organ) effects. The carcinogenic potency estimate (formerly known
as q1°) represents the upper bound cancer causing potential
resulting from lifetime exposure to 8 substance. The RfD or the
oral carcinogenic potency estimate are used in the derivation of

Data sxists
in IRIS?

an RAC. Appendix H contains the suppomng 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 (RIS contains the Agency’s most recent quantitative risk
assessment values, current IRIS values should be used in develop-
ing new RACs. This means that the 1980 human health criteria
shouid be updated with the latest RIS 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
24.70r248.

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

2.4.7 Calcuisting RACs for Noncarcinogens

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 Assistant,
drinking water
MCLs, fish
consumption

advisory levels,

FDA action levels,
[ -8

" Use current
criterion

L3

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

RIDs are derived from the “nc observed adverse effect level”
(NOAEL} or the “lowest observed adverse effect level” (LOAEL)
identified from chronic or subchronic human epidemiology stud-
jes or animal exposure (mammal LD5g) studies. [Note: LOAEL
and NOAEL refer to animal and human toxicology and are there
fore distinct from the aquatic toxicity terms “no observed effect
concentration” (NOEC) and the “lowest observed effect concen-
+ration” (LOEC)]. Uncertainty factors are then applied to the
NOAEL or LOAEL to account for uncertainties in the data associ-
ated with variability among individuals, extrapolation from non-
human test species to humans, data on other than long-term
exposures, and the use of an LOAEL [17]. 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.
Whiie 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 beiow the RfD reduces the probability, -

it does not guarantee the absence of effects in all persons. The
RfDs contained in the IRIS are values that represent EPA’s consen-
sus {and have uncertainty spanning perhaps an order of magni-
tude).

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

CorRAC(mgfl) = (RIDxWT)-(DT +IN)x WT -
W1 + [FC x L x FM x BCF]
where
C = updated water quality criterion {(mg/t)
RAC = reference ambient concentration (mg/h)
RID = reference dose (mg toxicant/kg human body weight/
day}
WT = weight of an average human adult (70 kg)
DT = dietary exposure (other than fish)
{mg toxicant/kg body human weight/day) .
IN = inhalation exposure
{mg toxicant/kg body human weight/day)
Wl = average human adult water intake
(2 liters/day)
FC = dally fish consumption (kg fish/day)
L = ratio of lipid fraction of fish tissue consumed to
3 percent
fM = food chain multiplier (from Table 3-1)
BCF = bioconcentration factor (mg toxicant/kg fish divided

by mg toxicant/| water) for fish with 3 percent lipid.

if the receiving waterbody is not used as a drinking water source,
the factor Wi can be deleted. 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 RID (see Appendix H). '

2.4.8 Calcuisting RACs for Carcinogens

Any human health criterion for a carcinogen is based on at 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 of zero. The zero level is based upon the assumption of
nonthreshold effects (i.e., no safe level exists below which any
increase in exposure does not result in an increase in the risk of

. cancer) for carcinogens. However, because safety does-not re-

quire the absence of all risk, 2 numerical estimate of risk (in pg/f)
that comresponds to a given level of risk for a population of a
specified size is selected instead. A cancer risk level is defined as
the: number of new cancers that may result in a population of
specified size due to an increase in exposure {(e.q., 10°° risk level =
1 additional cancer in a population of 1,000,000). Cancer risk is
calculated by multiplying the experimentally derived cancer po-
tency estimate by the concentration of the chemical in the fish
and the average daily human consumption of contaminated fish.
The risk for a specified population (e.g., 1,000,000 people or 10-)
Is then calculated by dividing the risk level by the specific cancer
risk. EPA’s ambient water quality criteria documents provide risk
tevels ranging from 103 to 107 as examples.

When the cancer potency estimate, or slope factor (formerly

. known as the g1*), is derived using animal studies, high-dose

exposures are extrapolated to low-dose concentrations and ad-
justed to a lifetime exposure period through the use of a linearized
multistage model. The modet calculates the upper 95 percent
confidence limit of the slope of a straight line that the model
postulates to occur at low doses. When based on-human (epide-
miological) data, the slope factor is based on the observed in-
crease in cancer risk, and is not extrapolated. For deriving RACs
for carcinogens, the oral cancer potency estimates or slope factors
from the IRIS are used. . '

it is important to note that cancer potency factors may overesti-
mate actual risk. Such potency estimates are subject to great
uncertainty due to two primary factors: (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-
larly for those chemicals for which human carcinogenicity infor-
mation is lacking. Risk levels of 10°5, 106, and 107 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 10-6 may yield a higher overall
risk level if multiple carcinogenic chemicals are present.

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

CorRAC(mg/l) = (RL x WT)

q1"[WI+FCxL_x(FMxBCF)]
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where

C = updated water quality criterion (mg/l)
RAC = reference ambient concentration (mg/l}
RL = risk level (10°%)
WT = weight of an average human adult (70 kg)
ql* = carcinogenic potency factor (kg day/mg)
Wl = average human adult water intake (2 liters/day)
FC = daily fish consumption (kg fish/day)

L = ratioof lipid fraction of fish tissue consumed to

3 percent

M = food chain multiplier {from Table 3-2)

BCF = hioconcentration factor (mg toxicant/kg fish divided
by mg toxicant/| water) for fish with 3 percent lipid.

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

2.4.9 Deriving Quantitative Risk Asssssments In the Absence
of IRIS Values

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

2.4.10 Deriving Reference Tisstie Concentrations for MonHoring
Flzh Tisgue

Where fish tissue evaluations have been used for assessing human
health risks, or, perhaps, used for additional routine monitoring
" where a chemical is below analytical detection limits, the follow-
ing formulas may be used to calculate an RTC. Readers also
should consult EPA’s Assessing Human Health Risks from Chemically
Contaminated Fish and Shellfish [171.

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

For noncarcinogens:

RTC{mg/kg) = _(RFD x WT}- (DT + IN) x WT
[WI/(BCF x EM x L)] + FC
For carcinogens:
RTC (mg/kg) = RL x WT
qi* (WI/BCF x FM x L) + FC]

The above equations should be corrected for sité-speciﬁc lipid
content and bicaccumnulation factdrs whete data are available.

. Again, some States have established their own procedures whereby

RTCs can be developed based upon extrapolation of acute and/or
chronic animal data to safe concentrations protective of fish
consumiption by humans. Where additional risk information is
needed, an RTC could be based upon other information such as
drinking water MCLs or FDA action levels.

2.5 BIOLOGICAL CRITERIA

As discussed in Chapter 1, to fully protect aquatic habitats and
provide more comprehensive assessments of aquatic life use at-
tainment/nonattainment, States are to fully integrate chemical-
specific techniques, toxicity testing, biologica! surveys, and
biocriteria into their water quality programs. In particular, the
Agency’s policy is that States should develop and implement
biclogical criteria-in their water quality standards (see Chapter 1,
Reference §5).

2.5.1 Regulstory Bases for Blocriterla

The primary statutory basis for EPA's policy that States should
develop biocriteria is found in Sections 101(a) and 303(c)(2)(B) of
the Water Quality Act of 1987, Section 101(a) of the 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 bic-
togical integrity. Section 101(a) includes the interim water quality
goal for the protection and propagation of fish, shellfish, and
wildlife,

Section 304 of the Act provides the legal basis for the develop-
ment of informational criteria, including biological criteria. Spe-
cific directives for the development of regulatory biocriteria can
be found in Section 303, which requires EPA to develop criteria
based on biological assessment methods when numerical criteria
are not established.

Once biocriteria formally are adopted into State standards,
biocriteria and aquatic life use designations serve as direct, legal
endpoints for determining a quality life use attainment/
nonattainment. As stated in Section 131.11(b)(2) of the Water
Quality Standards Regulation (40 CFR Part 131), biocriteria should
be used as a supplement to existing chemical-specific criteria and
as criteria where such chemical-specific criteria have not been
established. States are encouraged to implement and integrate
all three approaches (biosurvey, chemical-specific, and toxicity
testing methods) into their water quality programs, applying
them in combination or independently (providing the most pro-
tective of the three methods is used) as site-specific conditions
and assessment objectives dictate.

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

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

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

2.5.2 Developmesnt and implementation of Blocriteris

Blocriteria are numerical values or narrative expressions that de-
scribe the reference biological integrity of aquatic communities
inhabiting unimpaired waters of a designated aquatic life use.
The biclogical 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 critefia support designated aquatic life use classifica-
tions for application in State standards. Each State develops its
own designated use classification system based on the generic
uses cited in the Act (e.g., protection and propagation of fish,
shellfish, and wildlife). Designated uses are intentionally general.
However, States may develop subcategories within use designa-
tions to refine and clarify the use class. Clarification of the use
class is particularly helpful when a variety of surface waters with
distinct characteristics fit within the same use class, or do not fit
well into any category. )

For example, subcategories of aquatic life uses may be on the
basis of attainable habitat (e.g., cold versus warmwater communi-
ties dominates by bass versus catfish). Special uses also may be
designated to protect particularly unique, sensitive, or valuable
aquatic species, communities, or habitats.

Resident biota integrate multiple impacts aover time and can
detect impairment from known and unknown causes. Biocriteria

can be used to verify improvement in water quality in response to. .
regulatory efforts and detect continuing degradation of waters.

They provide a framewark for developing improved best manage-
ment practices for nonpoint source impacts, Numeric criteria can
provide effective monitoring criteria for inclusion in permits.

The assessment of the biological integrity should include mea-
sures of the structure and function of an aquatic community of
species within a specified habitat. Expert knowledge of the
system is required for the selection of appropriate biological
comporents 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

s 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.

2.6 SEINMENT CRITERIA

2.6.1 Corrent Dovelopments in Sodimest Criteria

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

EPA has authority to pursue the development of sediment criteria
in streams, lakes, and other waters of the United States under
CWA Sections 104 and 304(a)1) 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 develop and
publish information on, among other things, “the factors
necessary for the protection and propagation of shellfish,
fish, and wildlife for classes and categoeries of receiving
waters...”

To the extent that sediment criteria could be developed that
address .the. concems of the. Section 404(b)(1) guidelines for
discharges -of dredged or fill material under-the CWA or the
Marine Protection Research, and Sanctuaries Act, they also could
be incorporated into those reguiations.

2.6.2 Approach to Sediment Criteria Development

Over the past several years, sediment criteria development activi-
ties have centered on evaluating and developing the equifibrium
partitioning approach for generating sediment criteria. The equi-
libriurn partitioning approach focuses on predicting the chemical
interaction between sediments and contaminants. Developing
an understanding of the principal factors that influence the sedi-
ment/contaminant interactions will allow for predictions to be
made as to what concentration of a contaminant benthic and
other organisms may be exposed to. Chronic water quality
criteria, or possibly other toxicological endpoints can then be
used to predict potential biclogical 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 benthlc
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 ecosystemn protection and remedial programs.

2.6.3 Agplication of Sediment Criteria

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

Sediment criteria wil be particularly valuable in site monitoring
applications where sediment contaminant concentrations are
gradually approaching a criteria over time. Sediment criteria also
are valuable as a preventative tool to ensure that point and
nonpoint sources of contamination are controlled to ensure
uncontaminated sediments remain uncontaminated. Aiso, com-
parison of fietld measurements to sediment criteria will be a reli-
able method for providing early wamning of a potential problem.
An early warning would provide an opportunity to take corrective
action before adverse impacts occur. For the reasons mentioned
above it has been identified that SQC are essential to resolving key
contaminated sediment and source control issues in the Great
Lakes.

Specific Applications

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

One mode of application of EqP-based numerical SQC would be
in a tiered approach. In such an application, when contaminants
in sediments exceed the SQC, the sediments would be considered
as causing unacceptable impacts. Further testing may or may not
be required depending on site-specific conditions and the degree
in which a criteria has been violated. (No additional testing
would be required in locations where contamination significantly
exceeds a criterion, Where sediment contaminant levels are close
to a criteria, additional testing rmay 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 effects
of several contaminants in the sediments may be of concemn,

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 aiready con-
taminated have an opportunity to cleanse themselves, This
would occur only after criteria and the means to tie point
sources 1o sediment deposition are developed.

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

« For remediation activities, SQC would be valuable in identi-

fying:
- Rernediation need
- Spatial extent of remediation area
- Benefits derived from remediation activities
- Responsible parties

- Impacts of depositing contaminated seduments in
water environments

- Success of remediation activities.
+ In tiered testing sediment evaluation processes, sediment

criteria and biological testing procedures work very well

together.-

2.6.4 Sediment Critoria Status

. Sclence Advisory Board Revisw

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

The Science Advisory Board also identified the need for “a better
understanding of the uncertainty around the assumptions inher-
ent in the approach, including assumptions of equilibrium,
bioavailability, and kinetics, all critical to the application of the
EqP.” An uncertainty analysis and a guidance document to assist
in the regulatory application of developed criteria are under de-
velopment and expected to be completed in 1991.
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Sediment Criteria Documents and Application Buidence

EPA efforts at producing sediment criteria documents are being
directed first toward phenanthrene, fluoranthene, DDT, dieidrin,
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.

Mathodology for Developing Sediment Criteria for Metal
Contaminants

EPA is proceeding with a methodology for developing sediment
criteria for metal contaminants, with key work focused on identi-
fying and understanding the role of acid volatile sulfides (AVS) in
controliing the bioavailability of metal contaminants. A variety of
field and laboratory verification studies are underway to add
additional support to the methodoalogy. 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 authotity 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 deveiop
permit limits that will controt the discharge. At aminimum, the
permitting authority must make this determination at each permit
reissuance. The effivent characterization procedures described in
the following sections apply only to the water quality-based ap-
proach, not to end-of-the-pipe technology-based controls,

Although many waterbodies receive discharges from only single
point sources, permitting authorities will also occasionally encoun-
ter recelving waters where several dischargers are in close proxim-
ity. In such situations, the permitting authority may find that each
discharger alone does not cause, have the reasonable potential to
cause, or contribute to an excursion above water quality criteria.
Yet, the dischargers may collectively cause, have the reasonable
potential to cause, or contribute to an excursion. Under these
circumstances, limits must be developed for each discharger
to protect against collective excursions of applicable water
quality standards consistent with the Environmental Protec-
tion Agency’'s (EPA) existing regulations in 40 CFR
122.44(d)(1)(ii) for controlling multiple discharges. The terms
“cause,” “reasonable potential to cause,” and “contribute to” are
the terms used in the National Pollutant Discharge Elimination
Systen (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 shoutd not use them to characterize effluents.

3.1.1  NPDES Roguistion Reguirements

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

40 CFR 122.44(d)(1)(iD

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 2 limit.

40 CFR 122.44(d)(V)(iii}

When the pemmitting authority determines, using the
procedures in paragraph (d)(1)(ii) of this section, that a
discharge causes, has the reasonable potential to cause,
or contributes to an in-stream excursion above the
allowable-ambient concentration of a State numeric
criteria within a State water quality standard for an
individual pollutant, the permit must contain effluent
limits for that poHutant.

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

40 CFR 122.44(d)(1)(iv)

When the permitting authority determines, using the
procedures in paragraph (d)(1)(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 effiuent toxicity.

Under this regulation, permitting authorities need to investigate
for the existence of whole effluent toxicity in effluents if there is a
numeric water quality criterion for that parameter and to imple-
ment whole effluent toxicity limits where necessary.

Dranmdins mana hlanl
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40 CFR 1ﬁ.ﬂ(d)(1 vy

Except as provided in this subparagraph, when the
permitting authority determines, using the procedures
in paragraph (d)(1)(ii} of this section, toxicity testing
data, or other information, that a discharge causes, has
the reascnable potential to cause, or contributes to an
in-stream excursion above a narrative criterion within
an applicable State water quality standard, the permit
must contain effluent lirnits for whole effluent toxicity.
Limits on whole efffuent 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){(1Xii) of this section, that
chemicat-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 effiuents. If the
permitting authority can demonstrate that control of specific
chernicals 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 CFR122.44(d)(1)(vi)

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

Under this regulation, permitting authorities need to investigate
for the existence of specific chemicals in effluents for which the
State has not adopted numeric criteria, but which may be con-
tributing to aquatic toxicity or impairment of human health.
Narrative criteria apply when numeric criteria do not protect alt
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 numaeric 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 Criterfa for protecting
" human health. Cnce 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){1)(vi). in any case,
the permitting authority will need to characterize the effluent in a
manner consistent with the selected approach for controlling the
poliutant.

3.1.2  Background for Toxic Effects Assessments on Aquatic
Life and Human Ne:::th

Aquatic toxicity effects car . characterized by conducting a
general assessment of the affluent, or by measuring effluent

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 efffuents for buman health effects: chemical-by-
chemical and whole effluerit. However, only the chemical-by-
chemical approach currently is practical for assessing and control-
ting human health impacts. Appendix G discusses developing
procedures for assessing human health impacts from whole efflu-
ents. ’

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

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

The water quality analyst will use the same basic components in
the above-described relationship (i.e., critical receiving water flows,
ambient criteria values, measures of effluent quality) for both
effluent characterization and wasteload allocation (WLA) develop- .
ment, albeit from different perspectives. In the case of effluent
characterization, the objective is to project receiving water con-
centrations based upon existing effluent quality to determine
whether or not an excursion above ambient criteria occurs, or has
the reasonable potential to occur. In developing, WLAs, on the
other hand, the objective is to fix the RWC at the desired criteria
level and determine an allowabie 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 aliowable
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 Goneral Considerstions In Effluent Characterization

There are two possible ways to characterize an effluent to deter-
mine the need for effluent limits for the protection of aquatic life
and human health. First, an assessment may be made without
generating effluent data; second, an assessment may be con-
ducted after effluent data have been generated. Regufatory au-
thorities must determine whether a discharge causes, has the
“reasonable potential” 10 cause, or contributes to an excursion
above an applicable narrative or numeric water quality criterion.
An analysis of “reasonable potential” determines an effluent’s
capability to cause such excursions. ‘

in determining the need for a permit limit for whole effluent
toxicity or for an individual toxicant, the regulatory authority is
required to consider, at a minimum, existing controls on point and
nonpoint sources of pollution, the variability of the pollutant or
pollutant parameter in the effiuent, 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
122.34{d)(i).

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

" nology), the regulatory authority wilt 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-
ciple of “independent application” of the data and informa-
tion that characterizes the effluent. In other words, effluent
data alone, showing toxicity at the RWC, may be adequate to
demonstrate the need for a limit for taxicity or for individual
toxicants. Likewise, otherfactors may form an adequate basis for
determining that limits are necessary. For example, where avail-
able diution is low and monitoring information shows that texic
pollutants are frequently discharged at concentrations that have
caused toxicity 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 cases, the decision must be based upon
consideration of factors cited in 40 CFR 122.44(d)(1)(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 fimit for whole effluent toxicity or individuat toxi-
cants are discussed below and summarized in Boxes 3-1 through
3.3,

isti ntrols on point and nonpoin r f

control equipment, treatment efficiency, etc.

* Compliance history

itivity of th i icil in

ilytion of nt in_the receiving w.

« Dijution calculations

Box 3-1. 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)(1)(H). Examples of the
types of information relating to these factors are listed below.

liution

 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,
treatment efficiencies, chlorination/ammonia problems, etc.

v ili flutant gr pollutant parameter i u
» Existing chemical data from discharge mnnitoring reports and applications.
= Adopted State water quality criteria, or EPA criteria

* Any available in-stream survey data applied under independent application of water quality standards
¢ Recelving water type and designated/existing uses
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Box 3-2. Determining “Reasonabie Potential” for Excursions Above
Ambient Criteria Using Effluent Data Only

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

Step 1 Determine the number of total observations (“n”) for a particular set of effluent data {(concentrations or
toxic units [TUs]), and detemnine the highest value from that data set.

Step 2 Determine the coefficlent of variation for the data set. For a data set where n<10, 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 >0, 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 Iarge to calculate a standard deviation or mean wnth
sufficient confidence.

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

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

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

Example

Consider the following results of toxicity measurements of an effluent that is being characterized: 5 TU¢, 2 TU, 9 TU,,
and 6 TU.. Assume 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 There are four sarnples, 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 xp,,) after dilution is calcu-
lated as:

[9 TU, x 4.7 x 0.20] = 0.85 TUL.

Step5 0.85 TU is less than the ambient criteria concentration of 1.0 TU,. There is nQ reasonable
potenual for this effluent to cause an excursion above the CCC.

3.2 DETERMINING THE NEED FOR PERMIT LIMITS without facility-specific effluent monitoring data, or prior to the
- WITHOUT Eﬂ:wm MONITORING DATA FOR A generation of effluent data. Water quality-based permit limits can
SPECIEIC FACILITY be set for a single toxicant or for whole effluent toxicity based on

the available dilution and the water quality criterion or the State

. ] ) standa::' 1 the absence of facility specific effluent monitoring

i the regulatory authority so chooses, or if the circumstances data. - -mver, in doing so, the regulatory authority must satisty

dictate, the authority may decide to develop and impose a all the i s anrements of 40 CFR 122.44(d)1)(i).
permit limit for whole effiuent toxicity or for individual toxicants :
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Box 3-3. Recommend Muitiple-source Toxicity Testing Procedures
Tests

Where the combined efffuents make up 1 percent or greater of the recemng 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 js the assessment of relative and absolute toxicity of each source so that
appropriate permit conditions can be set for individuat dischargers. The following procedure is suggested.

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

2) Run a paralle! 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 contarminated with upstream effiuents or other
toxicant sources. The purpose of this test is to project toxic impact of the effluent after it is mixed at its point
of discharge. This is a relative effluent toxicity measurement. The relative testing procedure could result in a
change in the standard concentration-effect curve generated by the testing. The dilution water for the relative
toxicity test may cause significant mortality, growth, or reproductive effects at the lower effluent concentra-
tions (including the 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 from the relative toxicity tests can be used to assess the effluent’s toxicity in relation to other sources
and ambient receiving water conditions. However, a control dilution water with no toxicity must be used for
quality assurance and determination of absolute toxicity of the effiuent.

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

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

Frequency for Ambient Testing

All testing should be conducted simultaneously by each discharger, if possible, At a minimum, the tests should
be conducted concurrently starting within a short time period () 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 variabllity analysis should be similar to
that used in effluent variability analyses.

Other Considerations

Dyé studlies of effluent dispersion for rivers, lakes, reservoirs, and estuaries are strongly recommended. This
allows analysis of effiuent 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 investigatiohs
conducted under the Complex Efffuent Toxicity Testing Program. Site reports from that study can be used to
obtain further description of the toxicity testing procedures used to analyze multiple source toxic impact {1, 2].
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STEP 1
Dilution
determination’

Y

STEP2

on dilution determination

Conduct toxicity testing? based

at a minimum of quarterly for 1 year)

{3 species

Acute toxicity data or Chronic toxicity data or
estimate basedon ACR ¢ estimate based on ACR

Develop permit
limits

Develop permit
fimlts

Require
monitoring at
relssuance

Notes:

Dilution determinations should be performed for critical flows and any applicable mixing zones.

2Toxicity testing recommendations
a. Dilution > 1000:1: acute testing, check CMC only.

b. 100:1 < Dilution < 1000:1: acute or chronic testing, check CMC and CCC with data or ACR,
. Dilution < 100:1: conduct chronic testing, check CCC with data and CMC using acute data or ACR,

3Reasonable potential: tse procedures in Box 3-3.

Figure 3-2. Effluent Characterization for Whole Effluent Toxicity

* Type of industry—aAlthough dischargers should be indi- .
vidually characterized because toxicity probiems are site-
specific, the primary industrial categories should be of princi-
pal toxicity concern. 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 POTW—POTWs with loadings from indirect
dischargers (particularly primary industries) rnay be
candidates for toxicity limits. However, absence of
industrial input does not guarantee an absence of
POTW discharge toxicity problems. For example,
commercial pesticide applicators often 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, theit 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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Figure 3-3. National Distribution of NPDES Diution
Conditions at 7Q10 and at Annual Mean Flow

+ 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(j) require POTWs with design
flows equal to or greater than T MGD -and POTWSs with
approved pretreatment programs, or POTWs required to
develop a pretreatment program, to submit the results of

¢

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

History of compliance problems and toxic impact—
Regulatory authorities may consider particular dischargers
that have had difficulty complying with limits on toxicants
or that have a history of known toxicity impacts as probable
priority candidates for. effluent toxicity limits.

Type of receiving water and designated use—Regulatory
authorities may compile data on water quality. Examples of
available data include fish advisories or bans, repoerts 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
idgentifying 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(})
regulations at 40 CFR 130.10(d)(6); 50 FR 23897-98, june 2,
1989:

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

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

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

4) Waters identified by the state in its most re-
cent state section 305(b) report as either “par-
tially achieving” or “not achieving” desngnated
uses;

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

6) Waters identified by the state as priority water
bodies;

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

8) Waters for which effluent toxicity test results
indicate possible or actual excursions of state
water quality standards, including narrative
“free from" water quality criteria or EPA water
quality criteria where state criteria are not
available;
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9) 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;

10) Waters with POTW 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 criterfa are not available)
for toxic pollutants, ammonia, or chlorine;

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

12} Water classified for uses that will not support
the “fishable/swimmable” goals of the Clean
Water Act;

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

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

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

16) Waters judged to be impaired as a result of 2
bioassessment/biosurvey.

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

Regardiess, the regulatory authority, if it chooses to impose an
effiuent 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 pricr to establishing the limit.

" If the regulatory authority, after evaluating all available informa-

tion on the effluent, in the absence of effiuent 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.

DETERMINING THE NEED FOR PERMIT LIMITS
WITH EFFLUENT MONITORING DATA

33

3.3.1 . General Considerations

When characterizing an effluent for the need for a whole effluent
toxicity limit, and/or an ingividual toxicant limit, the regulatory
authority should use any available effluent monitoring data, to-
gether with any information like that discussed under Section 3.2
above, as the basis for a decision. The regulatory authority may
already have effluent toxicity data available from previous moni-
toring, or it may decide to require the permittee to generate
effivent monitoring data prior to permit issuance or as a condition
of the issued petmit. EPA regulations at 40 CFR122.21(j) require
POTWs with design flows equal to or greater than 1 MGD and
POTWSs with approved pretreatment programs, or POTWSs 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 permit application.

In the instance where the permittee is required to generate data
in advance, data collection should begin 12 to 18 months in
advance of permit development to allow adequate time for
conducting toxitity 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 defayed. -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.
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3.3.2  Addressing Uncertainty in Effiuent Characterization

by Senerating Effiuent Monitoring Data

Al toxic effects testing and expasure 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 water exists where (1) a2 complete data base is available on
the effects of acute and chronic toxicity on many indigenous
species, (2) there Is a clear understanding of ecosystem species
composition and 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.

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 LCgp 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
meoenitoring data where in this range the effluent variability really
falls. More monitoring data would need to be generated to
determine the actual variability of this effluent and reduce this
source of uncertainty.

To better characterize the effects of effluent variability and reduce
uncertainty in the process of deciding whether to require an
effluent limit, EPA has developed the statistical approach de-
scribed below. This approach combines knowiedge 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 concentration for the effluent. The estimated
maximum concentration is calculated as the upper bound of the
expected lognormal distribution of effluent concentrations at a
high confidence level. The projected effluent concentration after
" consideration of dilution can then be compared to an 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 level)1/n

where p,, 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 this relationship at a 99 percent confidence
level: ‘

e 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 percentlle described above and the selected upper
bound of the iognormal 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 twio percen-
tiles can be related using the coefficient of variation (CV) as shown
below: :

Cog  exp(2.3260-0.502)

exp(-0.2580 - 0.56%)

Ca0

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

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

discharger, and comparing it to the water quality standard. This
involves an assurnption 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.

3.2.3  Effivent Characterization for Whole Etfluent Toxicly

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 Factors: 999 Confidence Level and 99% Probability Basis

Number of Coefficient of Variation
Samples | 0.1 0.2 03 04 05]06 07 08 09 10|11 12 13 14 15|16 17 1.8 1% 20
1 1.6 25 3.9 60 90 |13.2 189 265 362 483 |63.3 81.4 1028 128.0 157.1 J90.3 227.8 269.9 316.7 368.3
2 14 20 29 40 55|74 98 127 161 202 1249 30.3 363 43.0 504|584 672 76.6 867 975
3 14 19 25 33 44|56 72 B89 11.0 134 160 190 222 257 294 |33.5 377 423 470 520
4 1.3 1.7 23 29 38|47 59 72 87 103|122 142 163 186 21.0 [23.6 263 293 321 351
5 3 1.7 21 27 3442 51 62 73 861100 11.5 131 148 166 {184 204 224 245 266
6 1.3 16 20 25 37138 46 55 64 75|86 98 117 124 138|153 168 183 199 215
7 13 16 20 24 29|36 42 50 58 67|77 B7 97 108 120{131 144 156 169 182
8 1.2 1.5 19 23 28 (33 39 46 53 61[69 78 87 9.6 106[11.6 126 13.6 147 158
g 1.2 15 1.8 22 27132 37 43 50 5764 71 79 87 %6104 113 122 133 140
10 1.2 15 18 22" 26 (30 35 431 47 53159 66 73 80 88| 95 103 110 1.8 126
n 1.2 15 1.8 21 25129 34 19 44 5056 62 68 74 81| 8B 94 101 108 115
12 12 14 17 20 2428 32 37 42 47|52 58 64 70 75|81 B8 94 100 106
13 1.2 14 17 20 23127 31 36 40 453]{50 55 60 65 71|76 82 &7 93 99
14 1.2 %4 17 20 23|26 30 34 39 43 (48 52 57 62 67|72 77 82 B7 9.2
15 12 14 16 19 22 [26 29 33 3.7 41|46 50 54 59 64)| 68 73 77 B2 87
16 1.2 14 té 19 22|25 29 32 36 40144 48 52 56 61165 69 73 78 82
17 1.2 14 16 19 21125 28 31 35 38 (42 46 50 54 58|62 66 70 74 78
18 1.2 14 1.6 18 21|24 27 30 34 37|41 44 48 52 56|59 63 67 70 74,
19 1.2 14 16 1.8 21|24 27 30 33 36140 43 46 50 53| 57 60 64 67 7.1
20 12 13 16 18 20|23 26 29 32 35[38 42 45 48 52|55 58 61 65 68
Table 3-2. Reasonable Potential Multiplying Factors: 99% Confidence Level and 95% Probability Basis
Number of Coefficient of Variation
Samples | 01 0.2 03 04 05106 07 08 09 10111 12 13 14 15|16 V7 18 19 20
1 14 19 26 3.6 47|62 80 101 126 155 [18.7 223 264 308 356 [40.7 462 52.1 584 649
2 1.3 1.6 20 25 31|38 46 54 64 74| 85- 97 109 122 136 {150 164 179 195 21
3 2 15 1.8 21 25130 35 40 46 52|58 65 72 79 86/[ 93 100 108 115 123
4 1.2 14 1,7 19 2226 29 33 37 42|46 S50 55 60 64| 69 74 78 83 B8
5 1.2 14 16 18 21123 26 29 32 36.39 42 45 49 52| 56 59 62 66 69
[ 11 1.3 15 1.7 18121 24 26 29 31 |34 37 39 42 45| 47 50 52 355 57
7 19 1.3 14 16 18|20 22 24 26 28|37 33 '35 37 39/ 41 43 45 47 49
8 11 1.3 14 16 17|19 27 23 24 26|28 30 32 33 35| 37 39 40 .42 43
¢ . |1 12 14 15 L7118 20 21 23 24|26 28 29 31 32|34 35 36 38 39
10 19 1.2 13 1.5 16117 19 20 22 23|24 26 27 28 30] 31 32 33 34 36
" 11 1.2 13 14 16|17 1.8 19 2% 22123 24 25 27 281 29 30 31 32 33
12 11 1.2 1.3 14 15116 172 19 20 231122 23 24 25 26| 27 28 2% 1310 30
13 19 1.2 13 14 15|16 17 18 19 20|21 22 23 24 25125 26 27 28 29
14 11 1.2 1.3 14 14|18 16 17 18 19120 21 22 23 23|24 25 26 26 27
15 .7 12 12 13 14015 16 17 18 18019 20 21 22 22) 23 24 24 25 28
16 11 31 1.2 13 14| 1W5 16 16 17 18|19 19 20 21 21 22 23 23 24 24
17 1.1 11 1.2 13 14|14 15 16 L7 V7|18 1% 19 20 20| 21 22 22 23 23
18 111 12 13 13|14 15 16 16 17117 18 19 19 20( 20 21 21 22 22
19 11 11 1.2 13 13§14 15 15 16 16|17 18 1.8 19 18] 20 20 20 21 21
20 19 1 20

1.2 1.2 13 it4 14 15 15 16|17 1.7 t8 1.8 18{19 19 20 20
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General Considerations and Assumptions

EPA has revised its initial effluent toxicity data generation recom-
menidations based on three cbservations made over the last 5
years;

1) Only rarely have effluents discharged by NPDES permittees
been observed to have LCgqs less than 1.0 percent or no
observed effect concentrations (NOECs) less than 0.1 per-
cent. However, there is always a chance that an effluent
could be toxic at such low effluent concentrations.

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 seldorn above 10: However, higher -

ACRs may be found for selected facilities.

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

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 procedures, and developing decision criteria for per-
mit limit. There are certain basic assumptions built into this flow
chart. The basic principle used in making decisions is to compare
available dilution to known or projected toxic effect concentra-
tions in order to place an effiuent into one of three categories:

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

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

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

This categorization is accomplished by using dilution estimates in
the first step 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 conservative assumption is used to
determine whether or not an impact is projected to occur.
Estimates of possible toxic impact are made assuming that the
effluent is most toxic to the most sensitive species or lifestage at
the time of lowest available dilution.

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 LCsgs of 1 percent and NOECs of 0.1 per-
cent as th= most extreme toxicity measurements that can normally
be expected for the vast majority of effluents discharged by NPDES
permittees for acute and chronic toxicity, respectively. The obser-
vation of toxicity was based on muitiple dilution tests. The same
observation may not hold for toxicity measured with single dilution
tests (pass/fail). As reflected in Chapter 1, single dilution toxicity
tests are much more variable than muitiple dilution tests. There:
fore, the use of single concentration toxicity tests is strongly
discouraged for this data generation process.

Since the new data generation requirements are much less expen-
sive than the previous requirements, tiered testing (less expensive,
single-concentration, initial screening followed by increasingly ex-
pensive-definitive data generation, using muiticoncentration tests,
as described in the September 1985 version of the technical
support document) is unnecessary. However, elimination of the
requirement to conduct toxicity testing on the basis of projec-
tions using dilution alone is not recommended. Although EPA's
data review suggests that an LCsq of 1 percent and an NQOEC of
0.1 percent are the lower bounds on effluent toxicity, there may
be other effluents that are presently unmeasured that are more
toxic. Testing data are always desirable for fully characterizing
discharges of concern. :

Steps in Whole Effluent Characterization Process

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

Step 1: Dilution Determination

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

Some State water quality standards do not allow the use of mixing
in the control of acute toxicity. For these States, acute toxicity is
often limited at the end of the pipe. Permit limits derived to
enforce such requirements would be considered “water quality-
based” because they would be based upon an ambient criterion
(as opposed to an arbitrary test endpoint). Regardless, both
chronic and acute toxicity must be assessed in these situations.

Step 2: Toxicity Testing Procedures

Where toxicity tests are required in order to make decisions re-
garding appropriate next steps in a screening protacol, EPA rec-
ommends as a minimum that three species (for example, a
vertebrate, an invertebrate, and a plant) be tested quarterly
for a minimum of 1 year. As discussed in Chapter 1, the use of
three species is strongly recommended. Experience indicates that
marine algae can be a highly sensitive test species for some efflu-
ents. Using a surrogate species of the plant kingdom adds ancther
trophic level to the testing regimen. For both freshwater and
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Figure 3-4. Schematic Representation of Mixing Zone Areas
Where the CMC and CCC Apply

rmarine situations, the use of three species is more protective than
two species since a wider range of species sensitivity can be
measured. EPA is continuing to develop toxicity test methods
using additional organisms including plants. In addition, EPA has
revised the test for Sefenastnum, 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 occur:
{1) the toxicants causing toxicity must remain the same, and (2)
the ratios of the toxicants in the effluent (if more than one) must
remain the same. Based on EPA’s experience at the Duluth 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 ammaonia 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 identify.

Conducting toxicity tests using three species quarterly for 1
year is recommended to adequately assess the variability of
toxicity abserved 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 only a single species whose
sensitivity to the effluent is not well characterized.

EPA recommends that a discharger conduct acute toxicity
testing if the dilution of the effluent is greater than 1000:1 at
the edge of the mixing zone [3]. Such a discharger would be
considered a low priority for chronic toxicity testing. The rationale
for this is that the effluent concentration would be below 0.1
percent at the edge of the mixing zone and thus incapable of
causing an excursion above the CCC. A worst case NOEC of 0.1
percent translates into 1,000 TU,, which would result in a con-
centration of less than 1.0 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 i the dilution of the effluent falls
between 100:1 and 1,000:1 at the edge of the mixing zone.
Effluents have been shown to be both acutely and chronically
toxic within this range of receiving water dilution. Under worst-
case scenarios, LCss of 1.0 percent and ACRs of 10 will result in
excursions above both the CCC and CMC at the edge of the
regulatory mixing zone.

Although either acute or chronic testing can be required within
this dilution range, acute testing would be more appropriate at
the higher end of this dilution range (1,000:1 or 0.1 percent). At
the lower end of this diiution range (100:1 or 1.0 percent),
chronic tests may be more appropriate. Where other factors are
equal, chronic testing may be preferable since the interim resuits
in a chronic test gives data on acute toxicity as well. The acute
endpoint data can then be used to compare directly to the CMC
without the need for an ACR.

Whichever type of toxicity test (either acute or chronic) is speci-
fied, the results from that test should be compared to the 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 2 chronic test result to an acute endpoint and
vice versa. Forexample, a chronic NOEC of 5 percent effluent (or
20 TU,) represents an acute LCsq of 50 percent (or 2 TU,) at an
ACRof 10,

EPA recommends that a discharger conduct chronic toxicity
testing if the dilution of the effluent falls below 100:1 at the
edge of the mixing zone. The rationale for this recommenta-
tion is that chronic toxicity has been observed in some effluents
down to the 1.0 percent effect concentration. Therefore, chronic
toxicity tests, although somewhat more expensive to conduct,
should be used directly in order to make decisions about toxic
impact,
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There is a potential for acute toxicity within this dilution range,
although this is less likely as the 100:1 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, regardiess of how
calculated, would be compared to the CMC,

Step 3: Decision Criterio for Permit Limit Dcvélopment

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 nurneric 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} Excyrsion Above CMC or CCC—Where any one data point
shows an excursion above the State’s numeric or narrative
criterion for the parameter toxicity, EPA regulations require
a permit limit be set for whole effluent toxicity (40 CFR
122.44(d)(1)(iv or v}), uniess limits on a specific chemical
will aliow the narrative water quality criterion to be at-
tained or maintained, 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 Potentia] for Excursion Above CMC or CCC—
EPA belleves that “reasonable potential” is shown where
- an effluent is profected to cause an excursion above the
C€CC 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 resuits alone
indicate a “reascnable potential” to cause an excursion
above a State water quality criterion in accordance with 40
CFR 122.44(d)(1)(il), a permit limit must be developed.

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

Whatever approach selected by the autherity, it must use

all thie factors that account for all the factors listed in 40 CFR
122.44(d)Y(1 Xii).

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 reguiatery authority. Other factors will need
to be considered and given appropriate weight in the
decisionmaking process, including value of waterbody (e.g.,
high-use fishery), relative proximity to the CCC or CMC,
existing controls on point and nonpoint sources, informa-

- 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.

3) Potential for i MC or —
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 POTWSs under 40 CFR

122.21().
4) Mggg:g_ln_fm@n;%em a regulatory authority has

inadequate information to determine reasonable potential
for an excursion of a numeric or narmative water quality
criterion, there may still be-a basts for concern on the part of
the authority. The permit should contain whole effluent
toxicity monitoring requirements and a reopener clause.
This clause would require reopening of the permit and
establishment of a limit based upon any test results, or other
new factors, which substantiate that the effluent causes, has
the reasonable potential of causing, or contributes to an
excursion above the CCC or. CMC.

3.3.4  Uso of YoxicHy Testing in Myltiple-source Discharge
Shustions

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 devei-
oped for each individual discharger on that waterbody. For the
requlatory 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 is
defined as a situation where impact zones coverlap, or where
ambient receiving water concentrations of a poliutant are elevated
due to upstream discharges. In multiple-source discharge situations,
additivity, antagonism, and persistence of toxicity can be of con-
cern, To collect additional data, the permit autherity 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 scurces.
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 ioad for the receiving waterbody
and develop individual wasteload allocations for each discharger
using the procedures discussed in Chapter 4.

3.3.5 Amblent Toxichy Testing

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 recelving water taken above, at, and below
outfalls. It can be used in freshwater, marine, and estuarine
systems. The procedure must be conducted during an appropti-
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.

8.3.6 Specisi Considerations for Discharges to Maring and
Estuarine Environments

Special problems are encountered when assessing and controlling
impacts of toxic pollutants. discharged to marine and estuarine
waterbodies. These special problems include the following:

» Determining the physical characteristics of estuaries and the
complex mixing and effluent dilution situations for RWCs of
effluents,

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

* Assessing exposure and controlling impacts from persisterit
toxicants accumulating in fish and shelffish 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 accumnulate in sediments.

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

To characterize the type of whole effiuent toxicity that is most
" relevant for a particular discharge to marine and estuarine waters,
the following questions should be considered [5]:

e 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 controtl.

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 conditior's 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 cbjective of whole effluent toxicity tests is to identify
sources of toxicity that can potentially cause an excursion of a
State’s narrative or numeric water quality criteria. For this reason,
the toxicity tests should reflect the natural conditions of the
receiving water so to be able to measure any effluent characteris-
tic that could contribute to ambient toxicity. The marine toxicity
test methods identify 1,000 mg/l as the point at which salinity
begins to exert an effect on freshwater species, As a general rule,
£PA recommends that freshwater organisms be used when
the receiving water salinity is less than 1,000 mg/l, and that
marine organisms be used when the receiving water salinity
equals or exceeds 1,000 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 water,
Also, the proportion of dissolved salts in the effluent may be
different from that of the salts in the receiving water. In this case,
the toxicity test needs to be able to determine if these salts
contribute to ambient toxicity. For this reason, marine organisms
are needed:

Saline Effiuent Discharged to Freshwater

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

Freshwater Effluent Discharged to Saltwater

In this instance, the lack of dissolved salts in the effluent can cause
an apparent toxic effect to the marine organisms in the toxicity
test. However, in contrast to the instances presented above, the
toxicity test does not need to be able to measure this effect
because a lack of salts is not a pollutant. The marine toxicity test
methods account for this by requiring that the satinity of the
effluent be adjusted to approximate the salinity of the receiving
water, As an altemnative to using a marine organism, a freshwater
organism can be used if the test is being conducted only on a
100-percent effluent sampie and if State water quality standards
do not require that a marine organism be used.
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3.3.7 Using a Chomical-specific Limit to Cowtrol Toxicity

EPA regulations at 40 CFR 122.44(d)(1)Xv) provide that limits on
whole effluent toxicity are not necessary where the permitting
authority demonstrates in the fact sheet or statement of basis of
the NPDES permit that chemical-specific limits for the effluent
are sufficient to attain and maintain applicable numeric and
narrative State water quality criteria. To make this demonstration
that chemical-specific limits are sufficient, additional effluent
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)1}v) has been made, limits on whole effluent toxicity
need not be imposed. Effluent limits 'on the controlling chemical
with concurmrent whole effluent monitoring will be sufficient.
Where subsequent whole effluent toxicity testing reveals the

-presence of toxicity in the effluent, the above process will need . .

to be repeated, or alternatively a whole effluent toxicity limit will
be needed. If continued toxicity testing shows that additional
chemical-specific effluent limits are insufficient to control whole
effluent toxicity, then toxicity limits may be the only practical
way to control toxicity.

3.3.8 Effluent Characterization for Specific Chemicals

The previous section discussed effluent characterization for whole
effluent toxicity. This section will describe EPA’s recommenda-
tions for data generation to determine whether or not permit
limits are needed to control specific chemical polfutants 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 impacts due to specific chemicals do not
require a determination of the type of testing as is required for
whole effluent toxicity because there is generally only one type
of test for specific chemicals. However, there are some antecedent
steps that are unique to effluent characterization for specific
chemicals: determination of the chemicals of concern 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 Pollutants of Concern

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

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

+ Pretreatment industrial surveys

* STORET for ambient monitoring data

¢ SARA Title Ill Toxic Chemical Release Inventory

¢ Industrial effluent guidelines development documents

* The Treatability Manual [6]

» Effluent bioconcentration assessment (see Section 3.3.9).

Data on specific chemicals that are typically submitted with NPDES
application forms will consist of a limited number of analytical test
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-
tocois will need to be specified in order to gather all appropriate
information.

Step 2: Determine the Basis for Establishing RACs, CMCs, and
CCCs for the Pollutants of Concern

The second step is to identify the appropriate water quality stan.
dard, including designated or existing use, and criteria for use.
Ideally, the State water quality standards include aquatic tife and
human health criteria for the pollutants of concern. If a State does
not have a numeric water quality criterion for the poliutant of
concern, then one of three options for using the narrative criterion
may be used (40 CFR 122.44(d)(1)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 poliutant. Although the provisions of 40 CFR
122.44(d)(1){vi) are presented in the regulation in the context of
permit limit development, these same considerations should be
applied in characterizing effluents in order to determine whether
limits are necessary. The options available are as follows:

+ Option A allows the regulatory authority to establish limits
using a “calculated numeric water quality criterion” that the
regulatory authority demonstrates will attain and maintain
applicable narvative water quality criteria and fully protect
the designated use. This option allows the regulatory au-
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 fevel,
and any other current data that may be available,

¢ Option B allows the regulatory autharity to establish efflu-
ent limits using EPA’s Water Quality Criteria guidance docu:
ments, if EPA has published a criterla 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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Require
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Notes:

1 RAC and/or CMC/CCC: Use State numeric criterion or interpret State narrative criterion using one of three options specified under 40 CFR

122.44(d).

2 Dilution determination: Perfarm for critical flow and for any applicable mixing zones for aquatic life and human health protection procedures,

respectively.
3 peasonable potential: Use procedures in Boxes 3-2 and 3-4.

Figure 3-5. Effluent Characterization for Specific Chemicals

+ Option C may be used to develop limits for a pollutant of
concern based on an indicator parameter under limited
circumstances, An example of an indicator parameter is
total toxic organics (TTO}; effiuent fimits on TTO are useful
where an effluent contains organic compounds.  However,
use of this option must be justified to show that controls on
one pollutant control one or more other poliutants to a level
that will attain and maintain applicable State narrative water
quatity criteria and will protect aquatic {ife and human health
{see 40 CFR 122.44(d)(1)(viXC)). 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 concern. Using Option A or Option B
is a more direct and perhaps mare defensible approach.

Step 3: Dilution Determination

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

same as were previously presented for whole effiuent 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 source
wasteload allocations and nohpoint source alipcations and pre-
dicts the resulting pollutant concentrations in receiving waters

(7).
Step 4: Decision Citeria for Permit Limit Development

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

* Excursion above the RAC, CMC, or CCC

* Reasonable potential for excursion above the RAC, CMC, or
CCC

* No reasonable potential for excursion above the RAC, CMC,
ccC

* Inadequate information.

If these evaluations project excursions or the reasonabie potential
to cause or contribute to an excursion above the RAC, CMC, or
CCC, then a permit limit is required (40 CFR 122.44(d)(1)iii)). The
statistical approach shown in Box 3-2 or an analogous approach
developed by a regulatory authority can be used to determine the
reasonable potential. Effiuents 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 discussed in Section 3.2, or if there were inadequate
information to make a decision, the permit should contain chemi-
cal testing requirements and a reopener clause. This clause would
require reopening of the permit and establishment of a limit based
upon any test results that show effluent toxicity at levels that cause
or have 2 reasonable potential to cause or contribute to an excur-
sion above the RAC, CCC, or CMC.

3.3.9 Effiuent Characterization for Bloconceniratable
Pollutants

The previous section discussed how to characterize effects of
specific chemicals, including those that may threaten human health,
to determine whether or not a discharge causes, has the reasonable
potential to cause, or contributes to excursions above an water
quality criterion. The primary disadvantage of this approach is
that it does not identify all effluent chemicals of potential concern
for human health. To help addrass this gap, EPA is developing a
procedure for identifying poliutants with the propensity to
bicconcentrate 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 Hllustrated in Figure 3-6 is a seven-step pro-
cedure that starts with collecting samples and ends with develop-
ing permit effluent limits. The sffluent characterization step unique
to this approach lies in Step 3. There are two alternatives under
this step: fish tissue residue and effluent assessment. An analytical
chemistry laboratory with residue chemistry and gas chromato-
graph/mass spectometer (GC/MS) capability is needed to conduct
the analytical methods for both alternatives. A summary of the
alternatives follows:

No turther
ragulstory sction

sliocation

potential
axist?

YES

NO

No further
regulatory action

parmit limits

Conduct

Figure 3-6. Procedure for Assessment and Control of
Bloconcentratable Contaminants in Surface Waters
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s Tssye Residue Altemative: 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 GC/MS to
identify and quantify the bioconcentratable contaminants.
The procedure provides recommendations to sort the resuits
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 confirned prior to taking subsequent
action.

+ Effluent Altemative: This altemnative 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 bicconcentration from the other chemical com-
ponents of the effluent sample. This separation is achieved
by way of an analytical chemistry methodology called high-
pressure liquid chromotography (HPLC). The HPLC also
separates (fractionates) an effluent sample into three
subsarmples or “fractions.” These three fractions contain
chemicals with increasing potential to bioconcentrate, with
the third fraction containing those chemicals with the high-
est bioconcentration rates. Following HPLC fractionation,
each fraction is then analyzed with GC/MS to identify and
quantify the bioconcentratable contaminants. The effluent
procedure also provides recommendations to sort the re-
sults of the initial screening analysis to determine which of
the contaminants pose a hazard and require subsequent

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

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

Although the approach provides a means to identify chemicals
that can bioconcentrate, it does not identify all bioconcentratabie
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 Anslytical Considerations for Chemicals

Anatysis 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 Methods for Chemi-
cal Analysis of Water dnd Wastes [8], contains sampling and han-
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 (ASTM, 17th edition, 1989, or most recent
edition) and 40 CFR Part 136. Chapter 5 discusses detection
limits and sampling requirements,
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4. EXPOSURE AND WASTELOAD ALLOCATION

4.1 INTROBUCTION

At this point in the toxics control process, a water quality problem
has been identifled. 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

_nonpaoint sources of pollution and natural background sources, .

tributaries, or adjacent segments. WLAs represent that portion of
a TMDL that is established to limit the amount of pollutants from
existing and future point sources so that surface water quality is
protected at all flow conditions..

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

This chapter is divided into sections that explain the steps that
precede establishment of a WLA and then the methods and tools

(models) that can be used to determine the WLA. Section 4.2

briefly discusses TMDLs and how they relate to waters identified
as requiring a water quality-based approach for toxics control.
The section also discusses different WLA schemes. Sections 4.3
and 4.4 discuss mixing zones, areas described as allocated impact
zones where acute and chronic water quality criteria may be
exceeded. Section 4.3 provides background information on mix-
ing zones and discusses EPA’s mixing zone policy and how this
policy 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 characterization procedures described in Chapter 3 can
be designed to support the specific types of WLA modeling
selected by the regulator. Section 4.6 discusses human health
considerations and how to determine WLAs for human health
toxicants.

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

4.2 TOTAL MAXIMUM DAILY LOADS AND WASTELOAD
ALLOCATIONS

4.2.1 Totsl Maximum Dally Loads

The Federal Clean Water Act (CWA), under Section 303(d), re-
quires the establishment of TMDLs for “water quality limited”
stream segments. In such segments, water quality does not meet
applicable water quality standards and/or is not expected to meet
applicable water quality standards even after the application of
the technology-based effluent limitations. A TMDL includes a
determination of the amount of a pollutant, or property of a
pollutant, from point, nonpoint, and natural background sources,
including a margin of safety, that may be discharged to a water
quality-imited waterbody. Any foading above this loading capac-
ity risks violating water quality standards. TMDLs can be expressed
in terms of chemical mass per unit of time, by toxicity, or by other
appropriate measures. Permits should be issued based on TMDLs
where available,

The establishment of a TMDL for a particular waterbody is depen-
dent on the location of point sources, available dilution, water
quality standards, nonpoint source contributions, background
conditions, and instream pollutant reactions and effluent toxicity.
All of these factors can affect the allowable mass of the poliutant
in the waterbody. Thus, two issues must be determined in
<onjunction with the establishment of the TMDL: (1) the defini-
tion of upstream and downstream boundaries of the waterbody
for which the TMDL is being determined, and (2) the definition of
critical conditions, For the following discussion, the waterbody
boundaries are delineated as the portion of the waterbody be-
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tween the poliutant source (whether point source or nonpoint
source) that is farthest upstream and the downstream point at
which water quality has recovered to the background quality
found above the pollutant source that is farthest upstream. The
delineation of critical conditions for stream flow, loading, and
water quality parameters may be specific to the type of waterbody
and is discussed in Section 4.4.

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

The loading capacity of TMDLs have been determined in many
ways, but the most common method is to find the poliutant
loading that will attain and maintain applicable water quality
criteria.  For example, in the Tualatin River Basin in Oregon,
loading capacity was deterrnined by multiplying stream flow in
critical flow periods by the pollutant water quality standard [1}.
Another method of determining a loading capacity is by quantify-
ing instream toxicity. This method was used in developing a
TMDL for the Amelia River in Florida [2].

The aflowable TMDL is defined as the sum of the individual WLAs
and LAs; a margin of safety can be included with the two types of
allocations to ensure that allocated loads, regardless of source,
would not produce an excursion above water quality standards.
The WLAs are those portions of the TMDL assigned to point
sources; the LAs are those portions of the TMDL assigned to the
sum of all nonpoint sources and background sources (40 CFR

. 130.2()). The background sources represent loadings to the
specified waterbody or stream segment that come from sources
outside the defined segment. For examnple, 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 TMODL 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 after its value. This phenomenon resuits 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., 7Q10) 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 nonpaint source
poliutant loadings (.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 TMDL should be evaluated under conditions that
reflect worst-case {critical) conditions for both point and nonpoint
source Joadings (i.e., low-flow drought and high flow conditions).
Determination of the TMDL under these two scenarios would
identify the lower of the two loading capacities of the waterbody.
This lower capacity is necessary to protect the waterbody in
question, . : .

In the case of design flows for human health protection, the

" harmonic mean flow Is recommended as the basis for TMDLs for

carcinogens. Design flows for human health protection should
consider worst-case conditions for both point and 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 10 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 monitoring studies,
and simplistic correlations between loadings and rainfall can be,
by their statistical nature, unreliable for estimating low-frequency
events (e.g., worst 10-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 130,
January 11, 1985) require that TMDLs contain a margin of safety
“which takes into account any lack 6f knowledge concerning the
relatianship between effluent limitations and water quality.” The
margin of safety is to take intc account any uncertainties related
to development of the water quality-based control, including any
uncertainties in pollutant loadings, ambilent 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 sephrate
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, mast
often through the use of conservative design conditions.

In addition, all WELAs, LAs, and TMDLs must meet the State
antidegradation provisions developed prusuant to the Water
Quality Standards Regulation {Section 131.12 of 40 CFR Part 131,
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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. WLAs, LAs, and TMDLs that allow
such a decline in water quality cannot be established unless the
applicable public’ participation and intergovern-mental review
requirements of the antigradation provisions have been met and
all existing uses are fully maintained and protected.

4.2.2 Wasteload Allocation Schemes

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 WLAs. 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 [5], lakes and reservoirs [6], and estuaries [7]. Guid-
ance for the determination of critical design conditions for steady-
state modeling of rivers and streams also is available [8).

Table 4-1 lists 19 afiocation schemes that may be used by the
States to develop WLAs. This is not intended to be a complete list
of approaches; regulatory authorities may use any reasonable
allocation scheme that meets the antidegradation provisions and
other requirernents of State water quality standards [3].

The most commonly used allocation methods have been equal
percent rermoval, equal effluent concentrations, and a hybrid
method. The equal percent removal approach can be applied in
two ways: the overall removal efficiencies of each pollutant
source must be equal, or the incremental rernoval efficiencies
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 substantialiy higher influent levels, requiring
equal effluent concentrations will result in higher. overall treat-
ment levels for that source than the equal percent removal ap-
proach,

The final commonly used method of allocating wasteloads is a
hybrid method in which the criteria for waste reduction may not
be the same for each point source. One facility may be allowed to
operate unchanged, while another may be required to provide
the entire load reduction. More often, a proportionality rule that
requires the percent removal to be proportional to the input
loading can be assigned. In these cases, larger sources would be
required to achieve higher overall removals.

4.3 INCOMPLETELY MIXED, IIlSGI'IAHGE RECEIVING
WATER SITUATIONS

Mixing zones are areas where an effluent discharge undergoes
initial dilution and are extended to cover the secondary mixing in
the ambient waterbody. A mixing zone is an allocated impact

zone where acute and chronic water quality criteria cSn be ex-
ceeded as long as a number of protections are maintained, in-
cluding freedom from the following:

e 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]

Equal percent removal (equal percent treatment)
Equal effluent concentrations
Equal total mass discharge per day
Equal mass discharge per capita per day
Equal reduction of raw load {pounds per day)
Equal ambient mean annual quality (mg/)
Equal cost per pound of pollutant removed
Equal treatment cost per unit of production
Equal mass discharged per unit of raw material used
Equal mass discharged per unit of production
. Percent removal proportional to raw load per day
11b. Larger facilities to achieve higher removal rates

12, Percent removal proportional to community effective
income

Effluent charges (doilars per pound, etc.)
Effiuent charge above some load limit

WoNon AW

- —h
-t
B -

13a.
13b.
14,
15.
16.

+

Seasonal limits based on cost-effectiveness analysis
Minimum total treatment cost

Best availability technology (BAT) (industry) plus some
level for municipal inputs

Assimilative capacity divided to require an "equal effort
among all dischargers”

Municipal: treatment level propartional to plant size

Industrial: equat percent between best practicable tech-
nology (BPT) and BAT, i.e., Allowable wasteload alloca-
tion:

=BPT- X -
(WLA) = BPT. 00 (BPT-BAT)

17.

18a,
18b.

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 fiow is above an
upper value, the plant would be required to treat to a
level comparable to BPT.
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» Substances in concentrations that produce objectionable
color, odor, taste, or turbidity

* Substances in concentrations that produce undesirable
aquatic life or resuit in a dominance of nuisance species.

Acutely toxic conditions are defined as those lethal to aquatic
organisms that may pass through the mixing zone. As discussed
in Chapter 2, the underlying assumption for allowing. a mixing
zone is that a small area of concentrations in excess of acute and
chrohic 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 ail State
requirements for a mixing zone are met.

When wastewater is discharged into a waterbody, its transport
may be divided into two stages with distinctive mixing character-
istics. Mixing and dilution in the first stage are determined by the
initial momentum and buoyancy of the discharge. This initial
contact with the receiving water is where the concentration of the
effluent will be its greatest in the water column. The design of the
discharge outfall should provide ample momentum to dilute the
concentrations in the immediate contact area as quickly as pos-
sible.

The second stage of mixing covers a more extensive area in which
the effect of initial momentum and buoyancy is diminished and
the waste is mixed primarily by ambient turbulence. !n large
rivers or estuaries, this second-stage mixing area may extend for
miles before uniformly mixed conditions are attained. In some
instances, such as larger lakes or coastal bays, completely mixed
conditions are never reached in the waterbody. The general
definition for a completely mixed condition is when no measur-
able difference in the concentration of the pollutant {e.g., does
not vary by more than 5 percent) exists across any transect of the
waterbody.

This section provides background information on the policy of
mixing zones and the means to characterize them for use in WLAs
(Section 4.5). The first subsection discusses the concerns that
must be addressed when the boundaries and restrictions of a
mixing zone are determined. The second subsection discusses
the guideiines for preventing lethal conditions in the mixing zone.

4.3.1 Determination of Mixing Zone Boundaries
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 4o organisms passing through the
mixing zone.

+ There are no significant health risks, considering likely path-
ways of exposure (see Section 2.2.2).

The Water Quality Criteria—1972 [10] recommends that mixing
zone characteristics be defined on a case-by-case basis after it has
been determined that the assimilative capacity of the receiving
system can safely accommodate the discharge. This assessment
should take into consideration the physical, chemical, and bio-
logical characteristics of the discharge and the receiving system;
the life history and behavior of organisms in the receiving system;
and the desired uses of the waters. Nearly all States require such
an analysis before they allow a mixing zone [11). Further, mixing
zones should not be permitted where they may endanger ¢ritical
areas (e.g., drinking water supplies, recreational areas, breeding
grounds, areas with sensitive biota).

EPA has developed a holistic approach to determine whether 2
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 overapping mixing
zones. it includes the identification of all upstream and down-
stream waterbodies and the ecological and cultural data pertain-
ing to them; the collection of data on all present and future
discharges to the waterbody; the assessment of relative environ-
mental value and level of protection needed for the waterbody;
and, finally, the allocation of environmental impact for a discharge
applicant. Because of the difficulty in collecting the data necessary
for this procedure and the general lack of agreement concerning
refative 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
spatiat dimensions to limit the areal extent of the mixing zones.
The mixing zones are then-allowed (or not allowed) after case-by-
case determinations. State regulations dealing with streams and
rivers generally limit mixing zone widths, cross-sectional areas,
and flow volumes and allow lengths to be determined on a case-
by-case basis. For lakes, estuaries, and coastal waters, dimensions
are usually specified by surface area, width, cross-sectional area,
and volume. :

Where a mixing zone is allowed, water quality standards are met
at the edge of that regulatory mixing zone during design flow
conditions and generally, (1) provide a continuous zone of pas-
sage that meets water quality criteria for free-swimming and
drifting organisms and (2) prevent impairment of critical resource
areas. Individual State mixing zone dimensions are designed to
limit the impact of a2 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 systemns, reservoirs, lakes, estuaries, and coastal waters,
zones of passage are defined as continuous water routes of such
volume, area, and quality as to allow passage of free-swimming
and drifting organisms so that no significant effects are produced
on their populations. Transport of a variety of organisms in river
water and by tidal movernents in estuaries is biclogically impor-
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 {11), Anadromous and catadromous species must
be able to reach suitable spawning areas. Their young (and in
some cases the adults) must be assured a return route to their
growing and living areas. Many species make migrations for
spawning and other purposes. Barriers or blocks that prevent or
interfere with these types of essential transport and movement
can be created by water with inadequate chemical or physical

quality.

As explained above, a State regulatory agency may decide to
deny a mixing zone ina sie-specific case, For example, denial
should be considered wher bioaccumulative pollutants are in the
discharge. The potential for a pollutant to bicaccumulate 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 bioaccumutation
potential exists, bicaccumulation 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 stream, resulting in a low concentration

but having a high BCF value, may cause in a bicaccumulation

hazard. Also, some chemicals of relatively low toxicity, such as
zine, will bioconcentrate in fish without harmful effects resulting
from human consumption.

Another example of when a regulator should consider prohibiting
2 mixing zone is in situations where an effluent is known to attract
biota. In such cases, provision of a continuous 2one 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 chernicals 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 aftraction to the toxicant
discharge. Innate behavior such as migration may also supersede
an avoidance response and cause fish to incur a significant expo-
sure.

4.3.2 Minimizing the Size of Mixing Zones

Concentrations above the chronic criteria are likely to prevent
sensitive taxa from taking up fong-term residence in the mixing
zone. In this regard, benthic organisms and territorial organisms
are likely to be of greatest concern. The higher the concentra-
tions occurring within an isopleth, the more taxa are likely to be
excluded, thereby affecting the structure and function of the
ecological community. It is thus important to minimize the
overall size of the mixing zone and the size of elevated concentra-
tion isopleths within the mixing zone.

4.3.3 Prevention of Lethality to Passing Organisms

The Water Quality Standards Handbook [14] indicates that whether
to establish a mixing zone policy is a matter of State discretion,
but that any State policy allowing for mixing zones must be
consistent with the CWA and is subject to approval of the Re-
gional Administrator. The handbook provides additionat 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 poilutant concentrations causing lethality. The
criterion maximum concentration (CMC) is used as a means to
prevent lethality or other acute effects. As explained in Appendix
D, the CMC is a toxicity level and should not be confused with an
LCsq 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 tevel is tess than 1 hour. The CMC for whole effluent toxicity
is intended to prevent lethality or acute effects in the aquatic
biota. The CMC for individual toxicants prevents acute effects in
all but a small percentage of the tested species. Thus, the areal
extent and concentration isopleths of the mixing zone must be
such that the 1-hour average exposure of organisms passing
through the mixing zone is less than the CMC. The organism
must be able to pass through quickly or flee the high-concentra-
tion area. The objective of developing water quality recommen-
dations for mixing zones is to provide time-exposure histories that
produce negligible or no measurable effects on populations of
critical species in the receiving system. '

Lethality to passing organisms can be prevented in the mixing
zone in one of four ways. The first method is to prohibit concen-
trations in excess of the CMC in the pipe itself, as measured
directly at the end of the pipe. As an example, the CMC should
be met in the pipe whenever a continuous discharge is made to
an intermittent stream. The second approach is to require that
the CMC be met within a very short distance from the outfall
during chronic design-flow conditions for receiving waters (see
Section 4.4.2). :

if the second alternative is selected, hydraulic investigations
and calculations indicate that the use of a high-velocity dis-
charge with an initial velocity of 3 meters per second, or
more, together with a mixing zone spatial limitation of 50
times the discharge length scale in any direction, should
ensure that the CMC Is met within a few minutes under
practically all conditions. The discharge length scale is defined
as the square root of the cross-sectional area of any discharge
pipe.

A third alternative (applicabie to any waterbody) is 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:

o 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.

e The CMC should be met within a distance of 50 times the
discharge length scale in any spatial direction. In the case
of a muttiport diffuser, this requirement must be met for
each. port using the appropriate discharge length scale of
that port. This restriction will ensure a dilution factor of at
least 10 within this distance under all possible circum-
stances, including situations of severe. bottom interaction,
surface interaction, or lateral merging.

s The CMC should be met within a distance of five times the

iocal 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 shaflow environments or
very close to shore, which would result in significant surface
and bottom concentrations,

A fourth altemative (applicable to any waterbody) is for the
discharger to provide data to the State regulatory agency show-
ing that a drifting organism would not be exposed to 1-hour
average concentrations exceeding the CMC, or would not receive
harmful exposure when evaluated by other valid toxicological
analysis, as discussed in Section 2.2.2. Such data should be
collected during environmental conditions that replicate critical
conditions.

For the third and fourth altemnatives, examples of such data
include monitoring studies, except for those situations where
collecting chemical samples to develop monitoring data would
be impractical, such as at deep outfalls in oceans, lakes, or
embayments. Other types of data could include field tracer
studies using dye, current meters, other tracer materials, or de-
tailed analytical calculations, such as modeling estimations of
concentration or dilution isopleths.

The Water Quality Criteria—1972 [11] outlines a method, appli-
cable to the fourth alternative, to determine whether a mixing
2one is tolerable for a free-swimming or drifting organism. The
methad incorporates mortality rates (based on toxicity studies for
the poliutant 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 [10]:

" Tm
Z[n(x) at C(n)]S !

where T(n) is the exposure time an organism is in isopleth n, and
ET(X) is the "effect time.” That is, ET(X) is the exposure time

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
exposumﬁmetoeffectumels Iasthan 1, then the percent effect
will not occur.

4.3.4 Provention of Blosccumuliation Problems for Human
Hosith

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 bicaccumnulative 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
zome may not be appropriate in this situation,

4.4 MDONG ZONE ANALYSES

Proper design of a mixing 2one 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 rmodels. Both proce-
dures, along with simple order-of-magnitude dilution calcula-
tions, are discussed in the following subsections.

if the distance to complete mixing is insignificant, then mixing
zone modeling is not necessary and the fate and transport models
described in Section 4.5 can be used to perform the WLA. It is
important to remember that the assumption of complete
mixing is not a conservative assumption for toxic discharges;
an assumption of minimal mixing is the conservative ap-
proach. i completely mixed conditions do not occur within a
short distance of the outfall, the WLA study should rely on mixing
zone monitoring and modeling. fust as in the case of completely
mixed models, mixing zone analysis can be performed using both
steady-state and dynamic techniques. State requirements regard-
ing the mixing zone will determine how water quality criteria are
used in the TMDL.

This section is divided into five subsections. The first discusses
recommendations for outfall designs and means to maximize
initial dilution. The second provides a brief description of the four
major waterbody types and the critical design period when mix-
ing zone analysis should be performed for each. The third pro-
vides a brief description of tracer studies and how they may be
used to define a mixing zone. The fourth and fifth subsections
discuss simplified methods and sophisticated models to predict
the two stages of mixing (i.e., discharge-induced and ambient-
induced mixing). For a detailed explanation of the mechanisms
involved in estimating both stages of mixing, two references are
recommeénded, 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 U.S. EPA Center for Exposure Assess-
ment Modeling [CEAM] in Athens, Georgia, provides an overview
course that teaches the basics of mixing and how the basics
should be used for water quality management.)

it is important to note that the mixing zone models presented
here attempt to predict the dispersion and dilution of the effluent
plume. They do not attempt to predict any removal or transfor-
mation of the poliutants. 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 reutines may be used for these far-field, incomplete mixing
analyses,

4.4.1 Gonoral Rocommendations lor Outfall Design

An important factor in maximizing the initial dilution of an effiu-
ent is the design of the effluent outfall. There are three major
types of outfalf designs: surface discharge from free flows in a pipe
or canal, single-port submerged discharge, and muitiport 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 initial mixing.
In particular, surface discharges at the shoreline of a waterbody
usually have an impact along the shareline when there is signifi-
cant cross-flow and thus yleld high surface concentrations.

Submerged discharges offer more fiexibility in meeting the design
goals for toxic discharges. Submerged discharges may be in the
form of a single pipe outlet or of multiport discharges (diffusers)
giving rise to one or several submerged discharge jets. A typical
diffuser section is illustrated in Figure 4-1, Submerged discharges
allow the effluent to be directed at different angles to the ambient
flow to maximize the initial dilution. Diffusers are particularly
effective in counteracting the buoyancy of the effiuent. 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.
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Figure 4-1, A Typical Diffuser Section [17)

Many of the complexities of submerged diffusers have been

" summarized by Jirka [18), Holley and Jirka [15], 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 (iow flow or high stratifica-
tion) and at off-design conditions (higher flow or lower stratifica-
tion) to ensure the best placement and design of the diffuser.
Diffusers provide more dilution than single outlets, but the align-
ment of the diffuser with the receiving water flow direction infiu-
ences how much dilution will be provided. If the outlet structure
is directed paraliel 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 paralle! diffuser alignment (tee diffuser) and perpendicular
diffuser alignment (staged diffuser) [18]. In lakes and reservoirs,
the preferred arangement for a negatively buoyant discharge is
to direct the diffuser vertically upward. A positively buoyant,
vertically directed jet could penetrate stratification, so the prefer-
ence for this type of discharge is to orient the diffuser at a slight
angle above the horizontal. For ocean outfalls, initial ditution is
improved by longer (perpendicular to the shoreline) and deeper
diffusers. Further, the ports of the diffuser should be sufficiently
separated to minimize merging of the separate plumes [22].

4.4.2 Critical Design Periods for Waterbodiss

This section provides & brief description of the four major waterbody
types and defines the critical design periods that should be used
when performing mixing zone analyses in each of these waterbody

types. Appendix D provides a further discussion on the appropri-
ate selection of design periods.

1) Rivers and Run-of-River Reservoirs

Rivers and run-of-river reservoirs are waterbodies that have a
persistent throughflow in the downstream direction and do not
exhibit significant natural density stratification. Recommenda-
tions for hydrologically based and biologically based design flows
for completely mixed, steady-state modeling of rivers are de-
scribed in Appendix D of this document. The biologically based
design flows are determined using the averaging periods and
frequencies specified in water quality criteria [8]. Also, the hydro-

-logically based flows 1Q10 and 7Q10 for the CMC and CCC,

respectively, have been used traditionally and may continue to be
used for steady-state modeling. Run-of-river reservoirs with resi-
dence times less than 20 days at critical conditions also should be
analyzed using biologically or hydrologically based design flows
(see below). Regulated rivers may have a minimum flow in excess
of these toxicological flows. In such cases, the minimum flow
shoufd 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 jevel, wind speed and
direction, and seasonal solar radiation should be determined to
define the critical period [23]. In the case of long and narrow
rasarvoirs, areas above the plunge point {i.e., areas where no
stream-like flow is present and waters are mixed or stratified by
density) can be analyzed as rivers. The areas below can be
analyzed as reservoirs. Since effluent density refative to the ambi-
ent water can vary Over seasons, no one season or stratification
condition can be selected as the most critical difution 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 beén documented. Special atten-
tion should be given to periods of rising water level since pollut-
ants can move back into coves and accumufate under these
conditions. Location of discharges in coves and dead-end
embayments should be prevented whenever possible,

3) Estuaries and Coastal Bays

This receiving water category encompasses estuaries, which are
defined as having a main channel reversing flow, and coastal
bays, which are defined as having significant two-dimensional
flow in the horizontal directions. For both waterbodies, the
critical design conditions recommended here are based on astro-
nomical, not meteorological, tides.

Determining the nature and extent of the discharge plume is
complicated in marine systems by such conditions as differences
in tides, riverine input, wind intensity and direction, and thermal
and saline stratification. Because of the tidal nature of the estuar-
ies and coastal systems and their complex circulation patterns,
dilution of discharges cannot be determined simply by calculating
the discharge rate and the rate of receiving water flow (i.e., the
design flow). For example, tidal frequency and amplitude vary
significantly in different coastal regions of the United States.
Furthermore, tidal influences at any specific location have daily
and monthly cycles. These and additional factors require that
direct, empirical steps be taken to ensure that basic dilution
characteristics of a discharge to salt water are determined.

In estuaries without stratification, the critical dilution condition
includes a combination of low-water slack at spring tide for the
estuary and design low flow for riverine inflow. In estuaries with
stratification, a site-specific analysis of a period of minimum strati-
fication and a period of maximum stratification, both at low-
water slack, should be made to evaluate which one results in the
lowest dilution. In general, minimum stratification is associated
with low river inflows and large tidal ranges {spring tide), whereas
maximum stratification is associated with high river inflows and
low tidal ranges {neap tide).

After either stratified or unstratified estuaries are evaluated at
critical design conditions, an off-design condition should be
checked. The off-design condition (e.g., higher flow or lower
stratification) recommended for both cases is the period of maxi-
mum velocity during a tidal cycle. This off-design condition
results in greater dilution than the design condition, but it causes
the maximal extension of the plume. Extension of the plume into
critical resource areas may cause more water quality problems
than the high-concentration, low-dilution situation. -

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 minirmum stratification
in order to select the worst case. The off-design condition of
maximum tidal velocity should also be evaluated to predict the
worst-case extent of the plume,

4) Oceans

Critical design periods for ocean analyses are described in two
separate documents, the Section 301(h) Technical Support Docu-
ment [22] and the Section 301(h) document, Initial Mixing Char-
acteristics of Municipal Ocean Discharges [24]. The following sub-
section contains a summary from these documents. Like dis-
charges to estuaries, discharges to ocean waters are subject to
two-dimensignal horizontal fiows. Oceanic critical design periods
must include periods with maximum thermal stratification, or
density stratification. These periods shorten the distance of verti-
cai diffission 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 General Recommendations for Tracer Studles

Atracer 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 ¢ritical design condition
has been seiected for a waterbody, dye studies can be performed
to proride data on the dimensions and dilution of the wastewater
plume during this critical period. Tracer studies other than dye
studies (e.g., chloride, lithium) can be performed for cases in
which the receiving water is amenable to such tests,

For WLA studies in which a discharge is already in operation,
tracer studies can be used to determine specific concentration
isopleths in the mixing zone that reflect both discharge-induced
and ambient-induced mixing. The isopleth concentrations, with
effluent toxic concentrations, should be superimposed over a
map of the various resource zones of the waterbody. The map
will illustrate whether the State’s mixing zone dimensions are
exceeded, whether the required zone of passage is provided, and
whether the plume avoids critical resource areas.. The WLA can
then be calculated to provide the appropriate zone of passage
and to prevent detrimental impacts on spawning grounds, nurs-
eries, water supply intakes, bathing areas, and other important
resource areas.

Obviously, if the outfall is not yet in operation, it is impossible to
determine discharge-induced mixing by tracer stuclies. 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 normatly 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-to-critical conditions also can be used to determine
the computer mode! required to predict critical-condition mixing
and provide the coefficients needed for that TMDL model.

A number of references provide information conceming the de-
sign, conduct, and analysis of tracer studies for mixing analyses.
Techniques of Water-Resources investigations of the USGS provides
the best overview of how to conduct tracer studies [25, 26, 27].
The fluorescent dyes (usually Rhodamine WT), measuring equip-
ment, fluorometers, field and laboratory procedures, and calcula-
tion methods are all discussed, The procedures essentially consist
of adding dye to the waterbody and recording concentrations of
the dye at various stations at specific time intervals. Exampies of
tracer studies for river systems are presented in Fischer [28); Kisiel
{29]; Holley and firka {15); and Yotsukura, Fisher, and Sayre [30].
Examples of tracer studies in tidal systems are presented in Wilson,
Cobb, and Yotsukura [31]} and Hetling and O'Connell [32}, both
of which are studies of the Potomac River estuary; Baily [33], a
study of Suisun Bay in California; Fischer [34], a study of Bolinas
Lagoon, a coastal bay in Marin County, California; and Crocker et
al. [35], a study of Corpus Christi Bay, Texas. Methods to perform
a tracer study in a reservoir are provided in Johnson [36].

The dye study recommended for obtaining a quick saltwater
dilution assessment is one in which Rhodamine WT dye is admin-
istered to a discharge and monitored in the receiving waters for
not less than 24 hours, The basic goal of this study is to determine
the near-field nature of the effiuent 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 accurring 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 cormrection of fiuores-
cence data and to determine the dye concentration required in
the effluent. Since Rhodamine WT dye is bleached by free chlo-
rine, a preliminary study of the degree of dye bleaching by the
effluent should precede the study for chiorinated discharges to
avoid underestimation of the extent of the mixing zone. Dye
concentrations should be surveyed for two successive slack tides,
and for any other conditions that could lead to concentration
maxima. Surveys should extend from the point of discharge to a
distance at which the effluent dilution ratio of interest is attained.
The dye fluorescence at this point should be at least twice the
variability in background fluorescence,

EPA has completed two TMDL studies to test the procedures
outlined in the previous version of this document. Both studies
used dye to-determine the mixing zone and the dilution within it.
The first study was performed on the Amelia River, an estuarine
system in Florida {2]; the second was performed on the Green-
wich Cove, an embayment of Narragansett Bay in Rhode Istand
[37). in both studies, Rhodamine WT dye was introduced con-
tinuously into the effiuent and numerous stations were set up to
measure the spatial and temporal distribution of the dye. Both
studies are good examples of how to perform a dye study in
complex tidal systems. '

4.4.4 Discharge-induced Mixing

The first stage of mixing is controlied 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 fiow. 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-fieid conditions,

1) Use of a Simplistic Screening Equation
A minimum estimate of the initial dilution available in the vicinity

of a discharge can be made using the following equation derived
from information in Holley and Jirka (1986) [15]:

X
$=03 d
where
§ = flux-averaged dilution
x = distance from outlet
d = diameter of cutlet.
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Figure 4-2. Example of Discharge-Induced Mixing [7]

The coefficient 0.3 represents the average of two vatues derived
from the literature, 0.28 [16] and 0.32 [38).

The equation provides a minimum estimate of mixing because it
'is based on the assumptions that cutlet 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
coresponding to the CMC—has been achieved, The equation is
vakid only close to the discharge, up to a distance corresponding
to several (two to three) water depths. At longer distances, other
factors are of increasing importance in jet mixing and must be
included,

Mixing graphs that include the effects of discharge buoyancy,

ambient velocity, and stratification can be found in Holley and

Jirka [15], Fischer et al. {16], and Wright [39]. They are useful to
account for these other initial dilution factors and can aid in

determining whether criteria will be met at the edge of the
regulatory mixing Zone,

2) Use of Detalled Computer Models

More detailed design data for the mixing zone can be obtained
from the use of computer models based on integral jet tech--
niques. It is important to note that most models represent an
idealization of actual field conditions and must be used with
caution to ensure that the underlying model assumptions hold for
the site-specific situation being modeled. In general, these buoy-
ant jet models require the following input data: discharge depth,
effluent flow rates, density of effluent, density gradients in receiv-
ing water, ambient current speed and direction, and outfall char-
atteristics (port size, spacing, and orientation). Model output
includes the dimensions of the plume at each integration step,
time of travel to points along the plume centerline, and the
average dilution at.each point. .

Described below are six mixing zone models that are available
through EPA. All of the models require a user who is well versed in
mixing concepts and the data necessary to run the models. The
first model, 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. Itis available
from the National Technical Information Service (NTIS), and user
support is available from the U.S. EPA CEAM. The other models
were developed and designed for ocean discharges. All but one
can be used on rivers, lakes, and estuaries with appropriate input
modifications; UPLUME is restricted to stagnant water environ-
ments where the ambient water cutrent velocity is zero (e. 9.
lakes, reservoirs).

These five models were designed for submerged discharges in
oceans. They all report dilution, and all terminate execution
when the vertical ascent of the plume is zero (e.g., when the
piume reaches the surface or when plume density is equal to
ambient density in some stratified systems). With the exception
of CORMIX1, they all assume that there is a “deep” receiving
stream (i.e., no bottomn interference). They too are available from
NTIS, and user support is provided by the U.S. EPA Hatfield
Marine Science Center in Newport, Oregon [24]. These five
models have been modified such that the user inputs the data
into a universal data format that allows the user to apply any of
the five models with only minor input changes.

+ 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 zone. Subsystem CORMIX1 deals with single-port
discharges, and subsystem CORMIX2 addresses multiport
diffusers. The system operates on microcomputers with the
MS-DOS operating system. CORMIX1 can summarize dilu-
tion characteristics of the proposed design, flag undesirable
designs, give dilution characteristics at specified boundaries
(i.e., legai 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.

e UPLUME is an initial dilution model that can be used for
stagnant waterbodies, such as lakes and reservoirs, where
the ambient currents can be assumed to be zero. The

. model simulates a submerged single-port discharge. The
bouyancy between the effluent and ambient water can be
accounted for, and the discharge can be given a vertical
angle. UPLUME calculates flux-averaged dilutions and, for
one output opticn, a centerine dilution.

* UOUTPLM can be used in flowing and stagnant waterbodies.
The user specifies the current speed of the ambient water,
and this speed is assumed to be constant with depth. The
model simulates a submerged single-port discharge. Buoy-
ancy between the effluent and ambient water can be mod-
eled, as well as the discharge vertical angle. The ambient
current is assumed to be perpendicular to the diffuser.

+ UMERGE is 2 mode! that can also be used for both fiowing
and stagnant waters. It has capabilities that UOUTPLM
does not have: it considers multiple submerged ports, and
the user can specify arbitrary ambient current speed varia-
tions with depth. The ports are assumhed to be equally
spaced. The model accounts for adjacent plume interfer-
ences over the course of the plume trajectory and in the
subsequent dilution calculation. Positive buoyancy is ac-
counted for, and the discharge vertical angle can be modi-
fied. The ambient current is assumed to be perpendicular
to the diffuser.

e UDKHDEN is a three-dimensional model that can be used
for flowing and stagnant waterbodies. It has all the capa-
bilities of UMERGE plus the ability to simulate instances
where the ambient current flow Is not perpendicular to the
diffuser.

s ULINE models a vertical slot jet discharge into a flowing -

waterbody. The discharge angle is assumed to be perpen-
dicular to ambient current. The ambient cumrent may vary
with depth, and the axis of the diffuser may range from
parallel to perpendicular to the ambient current. The buoy-
ancy of the effluent can also be modeled.

An evalustion and comparison of all these models can be found in
the Technical Guidance Manual for Performing Wasteload Alloco-
tions—Book 3, Estuanies [7].

4.4.5 Ambiem-induced Mixing

The equations for discharge-induced mixing can be used to pre-
dict concentrations in the regulatory mixing zone where strong
jet mixing predominates over ambient mixing. Beyond this point,
the mixing is controlled by ambient turbulence. Thus, ambient
mixing models must be used to predict the poliutant concentra-
tion distributions up to the stage of complete lateral mixing to
provide boundary conditions for the completely mixed fate and
transport models described in Section 4.5. This information also
may be needed to estimate concentrations encountered at impor-
tant resource areas or at subsequent downstream dischargers.

¥ 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 &
neutrally buoyant, soluble effiuent 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 effiuent 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]:

mwiy

Xm=
Oy

width of the river

flow velocity for the critical design flow

lateral dispersion coefficient as discussed below

2 parameter whose value depends on the degree of
uniformity used to define “complete mixing” and
on the transverse location of the outfali in the
stream.

spe =i

if compiletely mixed conditions are defined as a 5-percent varia-
tion’ in-concentration’ across the stream wicith, 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. K, 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 (.24 for a discharge near the edge of
the river. For a very small stream, X,y, may be only a few hundred
feet; for medium and large streams, Xy, is normally several miles
to several tens of miles,

The lateral dispersion coefficient (D, y) for most rivers can be
calculated with the following equatlon [16}:

Dy =0.6 du* + 50%
where
d = water depth at design flow
u* = shear velocity.

The coefficient (0.6) can vary from 0.3 to above 1.0 depending
on the type and degree of imegularity of the channe! cross-
sections, The more straight and uniform the flow, the lower the
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value; the more iregular the flow (resulting from curves, sidewall
interference, etc.), the higher the value. Values approaching and
exceeding 1.0 are normally associated with significant channel
.meandering [42]. The foilowing equation for shear velocity should
be used {16}:

U = (gds)”z
where
g = acceleration due to gravity
s = slope of the channel
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 Xp,, the models for compietely.

mixed effiuents discussed in Section 4.5 can be used to calculate
concentrations at these distances. For shorter distances, maxi-
mum concentrations can be much greater than those predicted
by “completely mixed” modeis and should be uumated using
the following equation:

e CeQeW
Qy(xDyX/u)/%
where
Cx = maximum pollutant concentration distance x from
the outlet
Ce = effluent concentration
Q. = design effluent flow
Q; = design stream flow
Dy = lateral dispersion coefficient
X = distance from the outiet
W = stream width
u = flow velocity for the design flow.

it should be noted that this estimate of Cy is a worst-case predic-
tion since the equation assumes no significant discharge-induced
mixing and a neutrally buoyant effluent. A more accurate-way to
predict concentrations within this second stage of mixing is to use
the methods of Yotsukura and Sayre [42]. To use this approach,
however, the value of Dy and pollutant concentrations after dis-
charge-induced mixing must be known from tracer studies and/
or from the use of one of the discharge-induced models,

The PSY model can be used to predict ambient mixing in shallow,
freshwater streams where water depth is small in proportion to
the width. PSY is a steady-state, two-dimensional plume model
that predicts dilution of a surface discharge into a shallow receiv-
ing water where the plume attaches to both bottom and nearshore
[43). Uniform vertical mixing is assumed to occur at the point of
discharge.

Ambient mixing is minor for lakes and reservoirs because flow
velocity is assumed to be minimal and mixing is accomplished by
means of the discharge momentum and buoyancy. For estuaries
that are completely mixed with regard to salinity, the equations
presented above can be used to estimate concentrations between
the outlet and the point of complete mixing with a slight modifi-
cation of shear velocity. The above equations will be applicable to

dmeelﬁuemtopassoutofﬂ\eunmﬂﬁedpartofﬂmeatuary,me
time required for the effiuent 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 fiow should include the velocity associated
with the inflow of freshwater as well as the tidal velocity; thus uy,

- which is based on an average total velocity; is substituted for u in

ot

only unstratified estuaries since the time required to mix across

the estuary must: be significantly less than the time required for

the equations and shear velocity becomes
| u* =010 uy.

The CORMIX expert systern model can also be used to obtain
predictions for the ambient-induced mixing. In addition to the
routines for discharge-induced mixing, this model also includes
predictive elements that apply to ambient mixing in rivetine, lake,
of coastal situations.

4.5 COMPLETELY DISCHARGE RECEIVING WATER
SITUATIONS

At the present time, most States and EPA Regions use steady-state
modeis that assume the wastewater is completely mixed with the
receiving waters in order to calculate WLAs for contaminants.
This approach is appropriate for conventional contaminants where
critical environmental effects are expected to occur far down-
stream from the scurce. WLAs for toxic chemicals require a
different approach, however, because critical environmental con-
ditions occur near the discharge before complete mixing with the
receiving water occurs. Consequently, mixing analyses should be
performed because many of these toxicants can exert maximal
toxicity in a variety of regions spanning from the dnscharge point
to significant distances downstream.

if complete mixing occurs near the discharge point, such as in
effluent-dominated receiving streams, then steady-state models
may be used to calculate TMDLs. Recent EPA developments in
the identification  of critical design flows based on toxicalogical
concemns provide for better use of steady-state models in catculat-
ing toxic WLAs. However, if complete mixing does not occur near
the discharge point and the effiuent plume is discernible downriver,
then modeling techniques that can simulate and predict mixing
conditions are more appropriate. The mixing zone models pre-
sented in the previous section may be used to define the mixing
zone. However, they only determine the dispersion and dilution
of the effiuent and do not account for chemical or biological
processes in the mixing zone. TMDL models are available that
can simulate mixing processes and predict areas of maximal
concentrations in the receiving stream based on chemical, bio-
logical, and physical processes.

4.5.1 Wasteload Modeling Techsiques
1) Steady-State Modeling Techniques

A steady-state model requires single, constant inputs for effluent
flow, effluent concentration, background receiving water concen-
tration (RWC), receiving water flow, and meteorological condi-
tions (e.g., temperature). The frequency and duration of ambient
concentrations predicted with a steady-state model must be as-
sumed to equal the frequency and duration of the critical receiv-
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ing water conditions used in the modei. The variability in effluent
flows and concentrations also affects RWCs, but these effects
cannot be predicted with constant inputs. Steady-state models
can be improved for toxic 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 WLA studies. Ambient
water quality criteria have been-established for numerous toxic
pollutants. These criteria specify an acute concentration (CMC)
and a chronic concentration {criteria continuous concentration,
or CCC) for each toxicant, as well as durations and frequencies of

exposure for the two concentration levels. The design flows used-

in steady-state modeling should be reflective of the CCC and
CMC durations and frequencies. The duration of the design flow
is based on the maximum exposure time that will prevent acute
and chronic effects. The duration of flow Is assumed to apply to
the duration of the allowable effluent concentration or load, For
example, if the flow used is a 7-day average value, the allowable
foad is considered to be a 7-day average. The return frequency is
based on the number of years required for biological papulation
recovery after criteria have been exceeded. Appendix D describes
the toxicological basis for selecting receiving stream design flows
for steady-state modeling and recommends specific design flows
for CCC and CMC calculation of TMDLS for rivers and streams.

In summary, there are two types of design flows, hydrologicatly
based and biologically based. The hydrologically based design
flows are those traditionally used by the States, in which the 7Q10
flow is used as the CCC design flow and the 1Q10 is used as the
CMC design flow. The biologically based method uses the 1-day,
3-year duration-frequency for determining the CMC design flow
and the 4-day, 3-year duration-frequency for determining the
CCC design flow. Consequently, the biologically based design

flows are based on specific toxicological effects of a pollutant and .

biological recovery times from localized stresses [6]. - The advan-
tages of both types, as well as how they may be calculated, also
are described in Appendix D.

A 4-day, 3-year biological design flow does not equate to a 4Q3
hydrological design flow. EPA has determined that a 4Q3 design
flow would result in an excessive number of water quality criteria
exceedances. As explained in Appendix D, a hydrologically based
7Q1 0 will, for most streams, be similar to a baologlcally based 4-
day, 3-year design flow.

At the present time, there are no recommended toxicological
flows for steady-state modeling of fakes, reservoirs, or estuaries.
The design conditions recommencled for these waterbodies in
Section 4.4.2 are based on hydrological and meteorologicaf 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 WLAs, one for the CMC and
one for the CCC. Steady-state WLA models should be used to
calculate the allowable effluent load that will meet the CMC at the

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 poliutants modeled at site-specific conditions. To determine
stream design temperature, pH, alkalinity, and hardness, a pro-
gram called DESCON was developed. (See Appendix D for
additional information.) DESCON is a computer program that
estimates design conditions for WLA modeling. These conditions
are based on maintaining a desired limit on the frequency of
water quality excursions in a receiving water. DESCON considers
the effect that daily fluctuations in stream flow and water quality
conditions, such as temperature and pH, have on the variability of
the capability of a receiving water to accept pollutant ioadings. 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) Along-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 {oad, 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.

DESCGON provides the same advantages as continuous simulation
by considering the joint occurrences of stream flow and other
water quality parameters as observed in the historical record. In
addition, it is more computationally efficient; it contains a facility
for extracting and analyzing flow and water quality data from
STORET; it can use both the extreme value and the biologically
based methods of calculating of water quality excursions; and it is
specifically designed to handie such poilutants as ammonia, heavy
metals, pentachloropheriol, and biochemicat oxygen dermand
(BOD) for which water quality criteria are functions of such design
condition variables as termperature, pH, alkalinity, hardness, and
dissolved oxygen. The main limitations of DESCON are that it
requires at least 10 years of historical daily flow data and it can
only analyze a single discharger, edge-of-mixing zone situations
{or & simplified Streeter-Phelps dissolved oxygen response for
BOD).

2) Dynamic Modeling Techniques

Steady-state modeling considers only a single condition; effiuent
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 Scherme for Deriving Design Conditions

in the design conditions if these conditions reflect the desired
toxicological effects regime. Dynamic modeling techniques ex-
plicitly predict the effects of receiving water and effluent flow and
of concentration variability. The three dynamic modeling tech-
niques recommended by EPA for WLAs are continuous simulation,
Monte Carlo simulation, and lognormal probability modeling.
These methods calculate a probability distribution for RWCs rather
than a single, worst-case concentration based on critical condi-
tions. . Prediction of complete probability distributions allows the
risk inherent in alternative treatment strategies to be directly
quantified.

The use of 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 zorng,
and water supply systems. The same cost-effectiveness can be
realized for pollution controls if probability analyses are used.

The dynamic modeling techniques have an additional advantage
over steady-state modeling in that they determine the entire
effluent concentration frequency distribution required to produce
the desired frequency of criteria. compliance. Maximurm daily and
monthly average permit 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 2 single allowable effluent value and no
information about effiuent variability. if the steady-state model is
used to calculate both acute and chronic wasteloads, limited
information will be provided and the entire effluent distribution
will not be predicted. Steady-state WLA values can be more
difficult to use in permits and enforcement because of the variable
nature of the receiving waterbody and the effluent. The outcome
of probabilistic modeling can be used to ensure that permit limits
are determined based on best probability estimates of RWCs
rather than a single, worst-case condition. As a resuit, maximum
daily and monthly average permit limits, based on compliance
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with water quality criteria over a 3-year period, can be obtained
directly from the probability distribution,

n . As shown in Figure 44, a
continuous simulation model uses daily effluent flows (Qa) and
concentration data (C,) with daily receiving water flow (Q;) and
background concentration data (C) to calculate downstream
RWCs [44]. The maodel predicts these concentrations in chrong-
logical order with the same time sequence as the input variables
{C, versus time). The daily RWCs can then be ranked from the
lowest to the highest without regard to time sequence, A prob-
ability plot can be constructed from these ranked values, and the
occurrence frequency of any 1-day concentration of interest can
be determined (Cy, versus frequency). Running average concen-
trations for 4 days (i.e., the chronic design flow), or for any other
averaging periad, also can be computed from the daily concen-
trations (Figure 4-5). :

The probability plot generated by the continuous simulation modei
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 biclogical recovery period required for a
specific waterbody. ¥ 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 ieast 20 to 25
years should be continuous daily data, with the remaining years
represented with only intermittent data. The data should be
examined to verity that the receiving stream has not undergone
significant hydrological modification. The data aiso should be
examined to determine if there were any long-term changes due
to technology-based treatment or petiodic changes due to indus-
trial or municipal plant closings or expansions. The same data
‘requirements are also true for the lognormal probabilistic and
Monte Carlo methods. However, except for the continuous
simulation models, other nonsteady-state models in this section
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Figure 4-4. 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 provi-
sion of the two-number water quality criteria. Users are cautioned
about the specific limitations of some of the dynamic modeis
included here. Continuous simulation models have the following
advantages compared to steady-state formulations:

» The frequency and duration of toxicant concentrations in a
receiving water can be predicted.

* The cross-correlation and interaction of time-varying pH,
flow, temperature, pollutant discharges, and other param-
eters are incorporated. .

* The effect that the serial correflation of daily flows and other
parameters has on the persistence of criteria excursions is
incorporated.

¢ Long-term stream flow records for ungauged rivers using
precipitation and evapotranspiration data can be synthe-
sized.

* Long simulation times can prevent the initial conditions
used in the model from affecting the calibration of fate and
transport processes.

Untike steady-state models, continuous simulation models require
significantly more data to apply, to calibrate, and/or to verify a
specific problem and require that input information for the appli-
cation of the model be time-series data. Also, the model results
need manipulation to calculate the effluent LTA concentration
and CV for use in developing effluent limits,

Monte Carlo Simylation Modeis. Monte Carlo simulation com-
bines probabilistic and deterministic analyses since it uses a fate .
and transport mathematical model with statistically described
inputs, Monte Carlo simulations have been the most frequently
used approach in stochastic water quality studies [45-51). The
probability distributions of effiuent fiow, effluent concentration,
and other model input must.be defined using the appropriate
duration for comparison to the CMC and CCC. !f 1-day average
RWCs must be predicted for CMC comparisons, probability distri-
butions of daily model input data are needed for Monte Carlo
simulation. if 4-day average concentrations must be predicted for
CCC comparisons, the probability distributions.of 4-day average
input data are required. The computer selects input values from
these distributions using a random generating function. The fate
and transport model is repetitively run for a large number of
randomly selected input data sets. The result is a simulated
sequence of RWCs. These concentrations do not follow the
temporal sequence that is calculated with the continuous simula-
tion model, but they can be ranked in order of magnitude and
used to form a frequency distribution. Monte Carlo analyses can
be used with steady-state or continuous simulation models [52].

The approach for calculating the allowable poflutant (oad 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:

* |t can predict the frequency and duration of toxicant con-
centrations in a receiving water.
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* [t can be used with steady-state or continuous simulation
models that include fate processes for specific pollutants.

* |t can be used with steady-state or continuous simulation
models that include transport processes for rivers, lakes,
and estuaries.

* |t can be used with steady-state or continuous simulation
models that are designed for single or multiple pollutant
source analyses,

« It does not require time series data.

* It does not require model input data to follow a specific
statistical distribution or function.

« [t can incorporate the cross-correlation and interaction of
time.varying pH, flow, temperature, pollutant discharges,
and other pararneters 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 efflu-
ent limits.

I . Without resorting to
the continuous simulation method of computing RWCs in tempo-
ral sequence, this probabilistic method uses the lognormal prob-
ability distributions of the input variables to calculate probability
distributions of output variables [53]. As a result, the method
requires only the relevant statistical parameters of the input vari-
ables {(medians and coefficients of variation) rather than the actual
time series data needed for continuous simulation, K 1-day
average RWCs must be predicted for comparisons with the CMC,
lognormal probability distributions of daily input data are needed.
if 4-day average concentrations must be predicted, the lognormal

' probability distributions of 4-day average input data are required.. .. .

Because this probabilistic model cannot, as yet, incorporate fate

and transport processes, it can be used to predict the concentra-

tion of a substance only after complete mixing and before degra-
dation or transformation significantly alters the concentration.

The lognormal probabilistic dilution model has the following
advantages:

* It can predict the frequency and duration of toxicant con-
centrations in riverine environments,

s It does not require time series data.

* [t can incorporate the cross-correlation and interaction of
time-varying pH, flow, temperature, poliutant discharges,
and other parameters if the analysis is developed separately
for each season and the results are combined.

The lognormal probabifity dilution model has the following disad-
vantages:

* |t requires more input than a steady-state model.
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Figure 4-5. Concentration Frequency Curves,

It does not include instream fate processes.

It applies only to rivers and streams.

It analyzes multiple pollutant sources inaccurately.

* {t requires medel input data to be lognormally distributed.

4.5.2 Calcuiating the Allowable Effluent Concentration
Distribution and the Return Perlod

Information concerning effluent concentration means and vari-
abilities can be obtained from data bases on existing treatment
plants and from development documents for specific industrial
point source categories. This information is available from the
Industrial Technology Division of the Office of Water Regulations
and Standards, These effiuent data can be used with dynamic
models to determine what the effluent concentration distribution
must be to rneet water quality standards. Two possible ap-
proaches can be taken to determine this distribution regardless of
the type of dynamic modeling technique (i.e., continuous, Monte
Carlo, or lognormal probabilistic). One approach is based on the
simplifying assumption that treatment will change only the mag-
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nitude of effiuent concentrations; no changes are assumed to
occur in effluent flows or in the relative variabllity of effluent
concentrations. With these assumptions, no additional mode!
runs are needed to determine the allowable distribution for efflu-
ent concentrations. The other approach assumes that the re-
quired effluent concentration distribution is the same as the exist-
ing distribution except that it is reduced in magnitude by which-
ever is greater—the percentage necessary for the 1-day average
concentrations to meet the CMC, or the 4-day average concen-
trations to meet the CCC at the desired recurrence interval.
Chapter 5 includes detalls on how permit limits are derived from
the mean and coefficient of variation of effluent concentrations
determined from this analysis,

The second approach for determining the aliowable effluent con-
centration distribution is based on the assumption that effiuent
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 wili change the variability of these
constituents, The development documents mentioned above
aiso provide some variability data for treatment processes, To
account for a change in variability, an attemative approach should
be used to determine the allowable effluent distribution. Rterative
model runs can be performed using different concentration means
with the effluent “future treatment” varance until a mean s
found that meets the criteria at the desired recurrence intervals.
These iterative model runs require stochastic generation of effiu-
ent input data since daily effluent concentrations will not be
available for the hypothetical treatment schemes. The required
“future treatment” mean and CV of effluent concentration can
then be used to set permit limits (see Chapter 5).

EPA's Cffice of Water Regulations and Standards developed an
interactive preprocessor for DYNTOX that automatically creates
input for continuous simulation models, randomly selects the sets
of input data required for Monte Carlo simulations, and performs
the numerical integration calculation for the loghormal probabi-
listic model. DYNTOX is available from the EPA CEAM, Environ-
mental Research Laboratory (ERL) [54). I 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 stochasticalty.
The Jag-one Markov method uses the mean, standard deviation,
and daily correlation coefficient of the observed data to create
random sequences of data having the same statistical properties.
The interactive program is written in FORTRAN and is available for
use on mainframe or IBM PC.compatible computers.

Two common methods exist to calculate the return period for a
given concentration from probabilistic modeling: the percentile
method and the extrema method. The percentile method used
by DYNTOX ranks a listing of all individual dally concentrations.
The retumn period for a concentration is then calculated based on
the percentile cccurrence. In the extrema method, only annual
extrema values are used in the ranking. The return periods
calculated from these two methods are equally valid statistical
representations. When using the percentile method, results ex-

press an average retum period and multiple occurrences within
any year. The extrema method describes the retum period for an
annual extreme and includes only the extreme of multiple occur-
rences within a year.

4.5.3 General Recommendstions for 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, effiuent flow, effluent concentrations, and background
concentrations. in many locations, stream flow data should be
sufficient for both steady-state and dynamic models. At least 30
years of flow data should be available if excursions of the CMC

* "and CCC must be evaluated at rare frequency of once in 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
shouid be limited to steady-state procedures if a daily receiving
water flow record is not available; however, in effluent-dominated
situations, critical flow may be used to characterize the receiving
stream. Appendix D describes how to select appropriate design
flows if State regulations do not require a specific design flow for
tiver WLAs. Fate and transport models or dilution calculations can
be used for individual toxicants. At the present time, only dilution
calculations or first-order decay equations are recommended for

“effluent toxicity analyses. Chapter 1 discusses the conservative/

additive assumption for toxicity.

if adequate receiving water flow and effluent concentration data
are available to estimate frequency distributions, one of the dy-
namic modeling techniques should be used to develop more
cost-effective treatment requirements. if the effluent data exhibit
significant seasonal differences or batch process trends, the con-
tinuous simulation approach may be the easiest dynamic model-
ing method to use. The best results will, of course, be obtained if
daily effluent flows and concentrations are available for model
input. for. an.entire year. The lag-one Markov technique can be
used to generate daily effluent data for the entire simulation as
long as adequate measurements for the site-specific facility (or a
similar one) are available to estimate a day-to-day correlation
coefficient and to determine when seasonal or batch process
changes in effluent quality occur.

¥ adequate receiving water flow and effluent concentration data
are available and if effluent data exhibit no seasonal or batch
process trends, lognormal and Monte Carlo methods may be
easier and require less computer time than the continuous simula.
tion approach.

4.5.4 Specific Mods! Recommendations

The foliowing section recommends models for toxicity and indi-
vidual toxicants for each type of receiving water—rivers, lakes,
and estuaries. Detailed guidelines on the use of fate and transport
models of individual toxicants are included in the toxic TMDL
guidance available from the Monitoring Branch of EPA’s Office of
Water Regulations and Standards {5, 6, 7] and Office of Research
and Development [55]. These manuals describe in detail the
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transport and transformation processes involved in water quality
modeling. Transport processes include the dispersion and advec-

tion of a contaminant once it enters the receiving stream; its

volatilization from the water; and its sorption to suspended sedi-
ment, eventual settling, and possible resuspension and diffusion
from the sediment, Transformation processes include the oxida-
tion, hydrolysis, photolysis, biodegradation, and bicaccumulation
of the chemical.

Most water quality models were developed with an emphasis on
the dynamics in the water column and the eventual water column
concentrations. Several models, including some of those listed
below (EXAMS-Il, WASP4) are now capable of simulating water
column-sediment interactions (resuspension, settling, and diffu-
sion), however, additional work needs to be compieted 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 irn areas where the sediments are contaminated to the
point at which they act as the source of a poliutant to the water
column, Tabie 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]. Al the models, plus two
bioaccumulation models, briefly are described befow.

e DYNTOX [54] is a WLA model that uses a probabilistic
dilution technique to estimate receiving water chemical
concentrations or whole effluent toxicity fractions. The
model considers dilution- and net first-order loss, but not
sorption and benthic exchange. The net loss rate must be
determined empirically on a case-by-case basis and cannot
be extrapolated to different conditions of flow, tempera-
ture, solids, pH, or light.

* EXAMS-II [57] is a compartment model that can be used as
either a steady-state or quasi-dynamic model designed for
evaiuation of the behavior of synthetic organic chemicals in
aquatic ecosystems, It simulates a toxic chemical and its

transformation products using second-order kinetics for all
significant organic chemical reactions. EXAMS-II does not
simulate the solids with which the chemical interacts. The
concentration of solids must be user-specified for each
compartment. The model accounts for sorbed chemical
transport based on solids concentrations and specified trans-
port fields. Sediment exchanges with the water column
include pore-water advection, pore-water diffusion, and
solids mixing. The last describes a net steady-state ex-
change associated with solids that is proportional to pore-
water diffusion.

WASP4 [58] is a generalized modeling framework for con-
taminant fate in surface waters. Based on the flexible
compartment modeling approach, WASP4 can be applied
in one, two, or three dimensions, given the transport of
fluxes between segments. WASP4 can read output files
from the link-node hydrodynamic model DYNHYD4, which
predicts unsteady flow rates in unstratified rivers and estuar-
ies, given variable tides, wind, and inflow. TOX!4, a subset
of WASP4, simulates up to three interacting toxic chemicals
and up to three sediment size fractions in the bed and
overlying waters. First- or second-order kinetics can be
used for all significant organic chemical reactions. Sedi-
ment exchanges include pore-water advection, pore-water
diffusion, and deposition/scour, Net sedimentation and
burial rates can be specified or calculated. The output can
be used with the two bioaccumulation models FGETS and
FCM2, which are described below.

HSPF [59] simulates watershed hydrology and water quality
for both conventional and toxic organic pollutants. HSPF
incorporates the watershed-scale ARM and NP5 models
into a basin-scale analysis framework that includes trans-
port and transformation in one-cimensional stream chan-
nels. The simulation provides a time history of the runoff
flow rate, sediment load, and nutrient and pesticide con-
centrations, along with a time history of water quantity and
quality at any point in a watershed. HSPF simulates three
sediment types (sand, silt, and clay) in addition.to- specific

Table 4-2. Toxicant Fate and Transport Models .

Model Environment Time Domain Spatial Domain Chemical
DYNTOX river dynarmic far field, organic,
, _1-dimensional metal
EXAMS-II lake, river, steady-state, far field, organic
estuary quasi-dynamic 3-dimensional
WASP4 lake, river, steady-state, far field, organic,
estuary dynamic 3.dimensional metal
HSPF river dynamic far field organic,
1-dimensional metal
SARAH2 river steady-state treatment plant, organic
near fieid,
2-dimensional
MINTEQA2 lake, river, steady-state - g metal
estuary
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organic chemicals and transformation products of those
chemicals. The reaction and transfer processes included are
hydrolysis, oxidation, photolysis, biodegradation, volatiliza-
tion, and sorption. Sorption is modeled as a first-order
kinetic process in which a desorption rate and an equilib-
rium partition coefficient for each of the three solid types

must be specified. Resuspension and settling of silts and -

clays (cohesive solids) are defined in terms of shear stress at
the sediment-water interface. For sands, the systems ca-
pacity to transport sand at a particular flow is calculated
and resuspension or settling is defined by the difference
between the sand in suspension and the calculated capac-
ity. Sediment exchanges with surficial benthic sediments
are modeled as sorption/desorption and deposition/scour.
Underlying sediment and pore water are not modeled.

SARAH2 [60] is a steady-state, near-field model for calculat-
ing acceptable concentrations of hazardous organic chemi-
cals discharged to land disposal or wastewater treatment
facilities. Acceptable teachate or treated industrial waste

discharge constituent concentrations are estimated by a,

“hack calculation” procedure starting from chemical safety
criteria in surface water, drinking water, or fish. For steady
or batch waste streams, SARAH2 considers the following
concentration reductions: dilution and loss during treat-
ment, initial Gaussian mixing at the edge of a stream,
lateral and longitudinal diffusion in the mixing zone, sorp-
tion, volatilization, hydrolysis, and bivaccumulation in fish.
The user must specify appropriate concentrations for pro-
tection of the aquatic community and of humans exposed
through corisumption of fish and water, The benthi:. com-
munity is not presently considered. Treatment loss is handled
empirically. SARAH2 contains data sets for three disposal-
watershed scenarios that can be easily modified and em-
ployed. The model is designed for screening analysis and
contains numerous assumptions that should be verified
before the model is used in actual cases.

MINTEQAZ is an equilibrium metals speciation model for
dilute aquegus systems [61]. It does not have any transport
and transformation processes and must be run with one of
the above models. It can be used to calculate the mass
distribution at equilibrium among dissolved, absorbed, and
solid phases and the species distribution within each phase.
MINTEQAZ contains a chemical component data set for
major ions commonly found in aqueous systems (e.g., Ca,
Fe, and §), trace metals/metalioids of pollution interest
(e.g., Cd, Cr, Ni, Pb, and Zn), and organic ligands of
significant affinity for metal complexation. The miodel can
be used to calculate the concentrations of adsorbed metals
via any of seven different adsorption algorithms.

FGETS is 2 toxicokinetic model that simulates the
bicaccumulation of nonpolar organic chemicals by fish from
both water and food' [62]. Both of these routes of ex-
change are modefed as diffusion processes that depend
upon physicochemical properties of the pollutant and mor-
phological/physiological characteristics of the fish, FGETS
contains a moderately sized data base of allometric relation-
ships for gill morphology with which it can simulate the
direct gill/water exchange of organic chemicals for essen-
tially any fish species, assuming certain defautt values. FGETS

also contains a limited data base of physiological/morpho-
logical relationships that are used to set parameters for food
exchange. in addition to simulating bloaccumulation of
organic toxicants, FGETS can calculate time to death from
chemicals whose mode of action is narcosis. This calcula-
tion is based on the existence of a single, lethal, 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,

* FCM2 is a generalized model of the uptake and elimination
of toxic chemicals by aquatic organisrivs [63]. It generates a
mass balance calculation in which the rates of uptake and
elimination are related to the bioenergetic parameters of
the species. A linear food chain or a food web may be
specified. Fish tissue concentrations are calcufated as a
function of time and age for each species included. Expo-
sure to the toxic chemical in food is based on a consump-
tion rate and predator-prey relationships that are specified
as a function of age. Exposure to the toxic chemical in
water is functionally related to the respiration rate. Steady-
state concentrations also may be calculated. The concen-
trations of the toxic chemical to which the food chain is
exposed may be specified by the user or may be taken
directly from the values calculated by the exposure concen.
tration model WASP4, Thus FCM2 may be executed as a
separate mode} or as a postprocessor to WASP4, Migratory
species, as well as nonmigratory species, may be consid-
ered. Separate nonmigratory food chains may be specified,
and the migratory species is exposed sequentially to each
food chain based on its seasonal movements,

4.5.5 Effivent Toxiciy Modeling

To apply the steady-state, continuous simulation, or probabilistic
methods to effluent toxicity modeling, the percent effluent mea-
surements should be converted to toxic units (TUs). As discussed
in Chapters 1, 2, and 3, it is necessary to convert toxicity to units
that can be directly related to mass. When comparing toxicity
among chemicals, the relationship between toxicity and concen-
tration is inverse; chemicals that have toxic effects at low concen-
trations have a greater “toxicity” than chemicals that have toxic
effects at higher concentrations, The modeling of toxic effluents
is Dased on mass balance principles; therefore, toxicity needs to
be in units that increase when the percent of the effluent of the
receiving stream increases. Thus, a TU is the reciprocal of the
dilution that produces the test endpoint, i.e., acute toxicity end-
point (ATE) or chronic toxicity endpoint (CTE). An acute toxic
unit (TU,) is the reciprocal of an ATE. A chronic toxic unit (TU) 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,. Thisis a value that shouid prevent lethality uriless the
duration of exposure exceeds 1 hour.

The CCC for toxicity measured with chronic tests is recommended
as the following:

CCC=1.0TU,.
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The first step in the TMDL process is to calculate the allowable
acute effluent toxicity that meets the CMC in the receiving water
at the duration and frequency discussed in Appendix D.

The next step in the TMDL process is to calculate the allowable
chronic effluent toxicity that meets the CCC in the receiving water
at the duration and frequency discussed in Appendix D. To
compare the allowabie acute toxicity value to the allowable chronic
toxicity value, the numbers must be converted to the same units
as follows:

TU, = (ACRXTU)
where the acute-to-chronic ratio (ACR) is determined from tests

on the effluent. It is important that the ACR used for TMDL
purposes be based on actual data and not be assumed to be 10 or

20, as in the screening procedure (Chapter 3). The value of this .
ratio will influence whether the acute or chronic TMDL is more

stringent and is used to calculate the permit limit using the
methods described in Chapter 5.

At the present time, the fate of effluent toxicity in a receiving
water is not fully understood. Even if a decay rate for toxicity can
be measured on a given day in a site-specific situation, there is no
way as yet to know how this rate is affected by temperature, pH,
or other environmental conditions. There is also no way to know
how this rate may change when new treatment is installed,
Instrearn measurernents of toxicity should be made at ieast once
per season to identify any time-varying trends in site-specific fate
processes. These monitored decay rates can then be used in
steady-state or continuous simulation fate and transport models
to predict receiving water toxicity, assuming that the rates will not
change with future treatment.

Without specific information concerning the persistence of toxic-
ity, it is recommended that effluent toxicity be limited to dilution
estimates and that toxicity be assurmned to be additive and conser-
vative. Toxicity is expected to be additive even when the toxicity
of one effluent affects selected biota while the toxicity of a down-
stream discharge affects different biota. For rivers and run-of-river
reservolrs with a detention time of iess than 20 days, the following
dilution eguation should be used, assuming completely mixed
conditions: '

C= C;Q; + CeQe
Qe + Qs
where
C = downstream concentration (TU. or TU, )
C; = upstream concentration (TU or TU, )’
Q; = upstream flow (cfs)
Ce = effluent concentration (TU. or TU, ) and
Qe = 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 G
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-
normat probabilistic, or Monte Carlo methods. For these dy-
namic analyses, a series of Cq, Qp Cs, and Qg values would be
used. .

ff instream toxicity measurements are available and a first-order
decay rate for toxicity can be estimated, the following equation
should be used:

C = Coeklv/w)
where ,
C = downstream concentration (TU,. or TU,)
Co = concentration after the point source discharge has
mixed completely with the river (TU. or TUy)
x = distance downstream of complete mix point
u = velocity of river
= measured decay rate.

Additional statistical approaches are available that might provide '
better statistical fits to the available data. However, these models
are somewhat more limited than the example provided above,

The same equations used for toxicity analyses in rivers can aiso 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 essentiat 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=V/Q
C =Cr/(1+T K}

3
3

mean hydraulic residence time

lake volume at design conditions

mean total inflow rate at design conditions
steady-state lake concentration (TU. or TU,)
steady-state inflow concentration (TU, or TU,)
first-order decay rate,

xnNnp<
! £

o unna

if effluent is discharged into a stratified lake and mixes only with
the hypolimnion or epilimnion, the volume of the layer shoutd be
used only to calculate mean hydraulic residence time (T,,). The
mean total inflow rate (Q) and the inflow concentration (C;r,)
should be calculated as the sum of all sources to the lake, includ-
ing paint source, nonpoing source, and tributary inputs,

Dilution calculations for effiuent toxicity discharges to an estuary
are complicated by the oscillatory motion of the tides and pos-
sible stratification of the estuary. The prolonged detention times
make it essential that field measurements of toxicity be available
to estimate decay factors. These measurements should be made
at least once per season to identify any time-varying trends in
toxicity rate processes. Steady-state or continuous simulation fate
and transport models for estuaries can then be run with moni-
tored decay rates for toxicity. A simple steady-state analysis can
be performed using the following equations for each
nonconservative pollutant entering from the river at the head of
an estuary [64]: '
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G=Cagh”
where
By =l
1- (1-r)et
r, = exchange ratio for segment i as defined by modified
tidal prism method
t = flushing time
t, = fraction of freshwater in segment i
C; = nonconservative pollutant concentration in segment
i (TU, or TUQ)
k = decay rate of pollutant,

The following equations should be used for each nonconservative
pollutant entering along the side of an estuary:

For segments downstream of outfall:
nofir ry

;
G=Co I 7, [Fmpe®
i=

For segments upstream of outfal:

= oS n
G- I o e
where
C; = nonconservative pollutant mean concentration in
segment i (TU, or TU,) _
C, = nonconservative pollutant mean concentration in
segment of discharge
r, = exchange ratio for segment i as defined by the
modified tidat prism method
n = number of segment away from outfall
f; = fraction of freshwater in segment i
fo = fraction of freshwater in segment with discharge
S = salinity insegment i
So = salinity in segment of discharge
k = decayrate
t = 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 [64]. This manual aiso describes how to perform
these calculations for stratified estuaries using a two-dimensional
box model analysis. '

4.6 HUMAN HEALTH

4.5.1 Homan Heaith Considerstions

Human exposure to pollutants should be evaiuated as completely
as available information wilt allow. Exposure information is used
in calculating the human health reference ambient concentration
(RAC) from the formulas in Chapter 2, Water Quality Standards,
This information should be used to estimate exposures due to fish

consumption and drinking water ingestion, background concen-

‘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, bicaccumulation
factors also can be modified.

4.6.2 Determining the TMDL Based on Homan Health Yoxicants

TMDLs are typically necessary only where mixing is allowed.
Mixing zones are used at the discretion of the States, If a State
does not allow a mixing zone or the assumption of complete
mixing, then the RAC is applied at the end of pipe and no TMDL
determiination is typically necessary.

With persistent or biotoncentratable poliutants, special mixing
zone considerations apply. Bioconcentratable poliutant criteria
exceedances within- the mixing zone can potentially result in
tissue contamination of organisms directly or indirectly through
contamination of bed sediments with subsequent incorporation
into the food chain. For discharge situations with incomplete
mixing {e.q., 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
¢riteria are chronic only, a TMDL to protect against acute effects
will usually not be needed, although EPA's Office of Dnnkmg
Water does have acute criteria for some pollutants.

For the purpose of the foliowing 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 ang where additional factors
need to be considered. Dynamic models, where available, are
useful tools for accounting for an array of variabies that may have
an impact on the fate of bioconcentratable pollutants in the food
chain. These models may be used by States for surface waters in
appropriate instances.

In simple situations, the TMDL is determined from the RAC and
the design flow of the receiving water. In more complicated
situations, e.g., where mixing is not rapid or where lakes or
estuaries are involved, a spatial averaging scate must be chosen.
Selection of the spatial scale must be consistent with reasonable
assumptions about the behavior of aquatic organlsms and the
target human population.

In sorne cases, it may be necessary to apply the chronic human
health criterion within a mixing 2one 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/WLAs generally requires
determining values for the following parameters, based upon
water quality considerations: (1} the duration of the averaging
period applicable to the WLA; (2) design considerations, e.g.,
flow; (3) the discharge (WLA) concentration that will result in
meeting the ambient water quality criterion during the design
condition; and (4) the allowable probability (or frequency) of the
discharge’s exceeding the WLA, averaged over the appropriate
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duration. The technical basis for setting these values is discussed
in the following sections.

1) Averaging Periods

The duration of the averaging period for the WLA should be
selected 1o 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
liftetime 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) Ditution Design Conditions

a) Carcinogens: River and Stream Discharge Situations

In well-mixed situations, the RWC, C, is determined by the polut-
ant load, W (mass/time), and the combined receiving water plus
effluent flow, Q, such that, C = W/Q.

The long-term harmonic mean flow is recommended as the

design flow for carcinogens. The recommendation of long-term'

harmonic mean flow has been derived from the definition of the
hurman health criteria (HHC) for carcinogenic pollutants. The
adverse impact of carcinogenic pollutants is estimated in terms of
receptors (human) lifetime intakes. To be within the acceptable
level of life-time body-burden of any carcinogen, such intakes
should not exceed the HHC during the average life-time of the
receptor. A life-time for exposure to carcinogenic pollutants is

. defined as 70 years, or approximately 365 (days/year) multiplied .

by 70 years.

The HHC for carcinogenic pollutants can be numerically expressed
as:
HHC =C (design) ={Cq + CZ + C3 FO—— CI"I yn

where
n = (365 days/year) 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 ta, the streamflow downstream of the discharge. Using
this concept, 1/Q can be substituted for C, as foliows:

1/Q (design) = (1/Qq + 1/Qg + 1/Q3 + == + 1/Qp)/n,
The stream design flow (Q design can then be shown as follows:

Q (design) = n/(1/Qq + 1/Qp + 1/Q3 + == + 1/Qp)

The harmonic mean is expressed as follows:

n .
Q (design) = n/2 (1/Q))
('R}
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 30Q5) are also not appropriate since they have
no consistent relationship with the long-term mean dilution.
However, for situations involving seasonably variable effluent dis-
charge- rates, hold-and-release treatment systems, and effluent.
dominated sites, the harmonic mean may not be appropriate. In
these cases, the effluent load and downstream flow are not inde-
pendent (i.e., they are comrefated). Modeling techniques that can
calculate an average daily concentration over a long period of
time are more appropriate 10 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: Q 2
—_—m

Qm = Qo

where
m is the geometric mean flow
Qam is the arithmetic mean flow.

For U.S. Geological Survey flow records, summaries of the statisti-
cal parameters needed to estimate the harmonic mean can be
quickly obtained from STORET, through a user-friendly procedure
for permit writers, as described in Appendix D.

WQAB DFLOW is a software package available for computation
of harmonic mean flow. The DFLOW program (as discussed
below and described in Appendix D) should be used with data
that are not lognormally distributed.

To develop some guantitative sense of how a long-term harmonic
mean flow of any stream compares with its 7Q10 fiow, 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 EPA guidance [8]. Based on the long-term
harmonic flow and 7-day, 10-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 7Q10 low flow. Fifty-
four of the streams’ harmonic mean flows were equal to or
greater than 2.5 times their 7Q10 low flows. Finally, 40 of the 60
streams’ harmonic mean flows were equal to or greater than 3.5
times the 7Q10.

Based on the above observations, permit authorities may choose
a multiplication factor of 3 x 7Q10 to estimate strear design flow
for human health protection for carcinogenic pollutants. How-
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ever, it is recommended that the harmonic mean flow be calcu-
{ated directly from the historical daily flow record, if possible.
Alternatively, the foilowing equation might be used to estimate
harmonic mean flow [66}:

Qe = [1.194 * (Qam)®473] * [(7Q10)0-552), 2 = 0,99,

In this equation, Qam and 7Q10 are estimated using the U.S.
Geological Survey computer program, FLOSTAT.

b) Noncarcinogens: River and Stream Discharge Situations

The choice of average period represents a level-of-protection
consideration inherent in the risk management decision to be
made by the permitting agency. N a short-term duration of
exposure s chosen (i.e,, 90 days or less), design flows may be
appropriately based on extreme value statistics. Because the
effects from noncarcinogens are more often associated with short-
ened exposures, EPA suggests the use of 30Q5. However, in the
comparisons of flows for smaller rivers (j.e., low flow of 50 cfs), the
30Q5 flow was, on the average, only 1.1 times that of the 7Q10.
For larger rivers (i.e., low fiow of 600 cfs), the factor was, on the
average, 1.4 times. If the effects from certain noncarcinogens

" 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 individua! 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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S. 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, inciuding 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  Reguistory Reguirements

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 elemenits are
described in the revisions to the National Poliutant Discharge
Elimination System (NPDES) Surface Water Toxics Control Pro-
gram regulations (54 FR 23868, june 2, 1989). The regulations at
40 CFR 122.44(d)(1) require that regulatory authorities first deter-
mine whether a discharge causes, has the reasonable potentia! to
cause, or contributes to an excursion above water quality stan-
dards (narrative or numeric). In making these determinations,
regulatory authorities must use a procedure that accounts for
effluent variability, existing controls on point and nonpoint sources
of pollution, available dilution, and (when using toxicity testing)
species sensitivity. Each of these regulations were previously
discussed in Chapter 3.

There is a degree of flexibility in the specific procedures a regula-
tory authority uses in determining whether an excursion occurs or
is reasonably expected to occur and in the weight given to the
various factors in conducting the evaluation of a specific dis-
charger. The Environmentat Protection Agency’s (EPA} guidance
for making these determinations is contained in the recommen-
dations in Chapter 3.

There are also several EPA policies that reflect these regulatory
requirements, including the “National Policy for the Development

of Water Quality-Based Limits for Toxic Pollutants” (Appendix B-

2) and EPA’s “Whole Effluent Toxicity Permitting Principles and
Enforcement Strategy,” (Appendix B-4). This strategy states that
“all major permits and minors of concern must be evaluated for
potentiai or known toxicity {chronic or acute if more limiting).” In
addition, the strategy states that “{fJinal whole effluent toxicity
limits must be included in permits where necessary to ensure that
$tate 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.
Case-specific considerations will usually dictate the most appro-
priate approach to be taken in individual situations. Nevertheless,
the various assumptions used in the permit limit development
process should be consistent with the assumptions and principles
inherent in the effluent characterization and exposure assessment
steps preceding permit limit development. The permit limit

‘derivation procedure used by the permitting authority should

be fully enforceable and should adequately account for effiu-
ent variabllity, consider avallable receiving water dilution,
protect against acute and chronic impacts, account for com-
pllance monitoring sampling frequency, and protect the
wasteload aliocation (WLA) and ultimately water quality stan-
dards. To accomplish these objectives, EPA recommends that
permitting authorities use the statistical permit limit deriva-
tion procedure discussed in Section 5.4 with the outputs from
either steady state or the dynamic wasteload allocation mod-
eling.

5.2  BASIC PRINCIPLES OF EFFLUENT

VARIABILITY

An understanding of the basic principles of effluent variability is
centrai 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-
cipies is substantially different, as explained below.

5.2.1  Variations in Effient Quality

Effluent quality and quantity vary over time in terms of volumes
discharged and constituent concentrations. Variations occur due
to a number of factors, including changes in human activity over
a 24-hour period for publicly owned treatment works (POTWS),
changes in production cycles for industries, variation in responses
of wastewater treatment systemns to influent changes, variation in
treatment system performance, and changes in climate. Very few
effluents remain constant over long periods of time. Even in
industries that operate continuous processes, variations in the
quality of raw materials and activities, such as back-washing of
filters, cause peaks in effiuent constituent concentrations and .
volumes.

If effluent data for a particutar pollutant or pollutant parameter for
a typical POTW 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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5.2.2 Statistical Parameiors and Reistionship to Permit

Based upon the shape of the curve of a frequency-concentration
plot, the data can be described in terms of a particular type of
statistical distribution. The choices for statistical distributions
include normal (bell-shaped), lognormal (positively skewed), or
other variations on the lognormal distribution. From the vast
amount of data that EPA has examined, it is reasonable to assume
(unless specific data show otherwise) that treated effluent data
follow a lognormal distribution. This is because effluent values
are non-negative and treatment efficiency at the jow end of the
concentration scale is limited, while effluent concentrations may
vary widely at the high end of the scale, reflecting various degrees
of treatment system performance and loadings. These factors
combine to produce the characteristically positively skewed ap-
pearance of the lognomal curve when data are piotted in a
frequency histogram. Appendix E discusses the basis for conclud-
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 poliutant or pollutant parameter (i.e, the long-term average
[LTA) and the coefficient of variation [CV]). The CV is a standard
statistical measure of the refative variations of a distribution or set
of data, defined as the ratio of the standard deviation to the
mean. Using a statistical model, such as the lognormal, an entire
distribution of values can be projected from limited data, and
limits can be set at a specified probability of occurrence. Figure 5-
1 shows the frequency-concentration curve and the relative posi-
tions of the concentrations corresponding to the mean for the
data,

Long:Tarm Avarage

Wasloiosd ANOcahon
Loﬁpf-rm Averige

Figure 5-2a. Relationship Between a Single Wasteload
Allocation and Two Long-Term Averages
for Different Coefficients of Variation

Al permit limits, whether technology-based or water quality-
based, are set at the upper bounds of acceptable performance.
The purpose of a permit limit is to specify an upper bound of
acceptable effluent quality. For technology-based requirements,
the limits are based on proper operation of a treatment system.
For water quality-based requirements, the limits are based on
maintaining the effluent quality at a level that will comply with
water quality standards, even during critical conditions in the
receiving water. These requirements are determined by the WLA.
The WLA dictates the required effluent quality which defines the
desired level of treatment plant performance or target 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 effiuent 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 effiu-
ent limit guidelines, which lead directly to permit limits,

In contrast, the process operates in reverse for water quality-based
permit limits. The WLA, determined from water quality stan-
dards, defines the appropriate discharge level, which in turn
determines the requisite target LTA for the treatment facility in
order to meet that WLA. 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 WLA 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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Figure 5-2b. Long-Term Average Per Unit Wasteload
Allocation as a Function of the Coefficient of Variation
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charge situation—whether or not they are specifically recognized
or accounted for. Where a permit limit derivation procedure does
not address these principles specifically, the permit writer will be
implicitly assuming that there are enough conservative assurmp-
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 guality standards.

5.2.3 Exprossion of Pemit Limits

The NPDES regulations at 40 CFR 122.45(d) require that all permit
iimits be expressed, unless impracticable, as both average monthly
and maximum daily values for alt discharges other than POTWs
and as average weekly and average monthly limits for POTWs.
The maximum daily permit limit (MDL) is the highest allowable
discharge measured during a calendar day or 24-hour period
representing a calendar day. The average monthly permit limit
{AML) is the highest aliowable value for the average of daily
discharges obtained over a calendar month, The average weekly
permit fimit (AWL) is the highest allowable value for the average
of daily discharges obtained over a calendar week.

EPA believes that a maximum daily permit limit can be directly
used to express an effluent limit for alf toxic pollutants or pollutant
parameters except chronic whole effluent toxicity. The typical
toxicity test used to measure chronic toxicity consists of samples
collected from at least 3 different days over a 7-day period.
Therefore, the test does not measure toxicity in any given 24-hour
period or calendar day, but rather measures toxicity over a 7-day
period. The toxicity could be caused by any one sample or a
combination of samples. To address this situation, EPA recom-
mends that the permit contaln a notation indicating that
when chronic toxicity tests are required in a permit, the MOL
should be interpreted as signifying the maximum test resuft
for the month.

-Additionaily, in lieu of an AWL for POTWSs, EPA recommends
establishing an MDL {or a maximum test result for chronic toxic-
ity) for toxic pollutants and pollutant parameters in water quality
permitting. This is appropriate for at least two reasons. First, the
basis for the 7-day average for POTWSs derives from the secondary
treatment requirements. This basis is not related to the need for
assuring achievernent of water quality standards. Second, a 7-day
average, which could comprise up to seven or more daily samples,
could average out peak toxic concentrations and therefore the
discharge’s potential for causing acute toxic effects would be
missed. A MDL, which is measured by a grab sample, would be
- toxicologically protective of potential acute toxicity impacts.

5.3  ENSURING CONSISTENCY WITH THE

WASTELOAD ALLOCATION

The WLA provides a definition of effluent quality that is necessary
to meet the water quality standards of the receiving water. The
WLA is based on ambient criteria and the exposure of the resident
aquatic community or hurmans to toxic conditions. Once a WLA
has been developed, accounting for all appropriate consider-

ations, a water quality-based permit limit may be derived to
enforce the WLA. The methed used to derive the permit limits
must be consistent with the nature of the WLA.

The WLA addresses variability in effluent quality. For example, a
WLA for human health pollutants is typically expressed as a single
level of receiving water quality necessary to provide protection
against long-term or chronic effects. On the other hand, a WLA
for toxic pollutants affecting aquatic life {with corresponding
duration and frequency requirements) should describe levels nec-
essary to provide protection against both short-term and long-
term effects.

5.3.1  Statistical Considerstions of WLAs

Direct use of a WLA as a permit limit creates a significant risk that
the WLA will be enforced incorrectly, since effluent variability and
the probability basis for the limit are not considered specifically.
For example, the use of a steady state WLA typicaliy establishes a
level of effluent quality with the assumption that it is a value never
to be exceeded. The same value used directly as a permit limit
could allow the WLA to be exceeded without observing permit
violations if compliance monitoring was infrequent. Confusion
can also result in transiating a fonger duration WLA requirement
(e.g., for chronic protection) into maximum daily and average
maonthly permit limits, The permit writer must ensure that permit
limits are derived to implement a WLA requirement correctly,
Potential problem areas are as follows:

* The WLA must be enforced in a regulatory context by
transtating it into MDLs and AMLs; then and only then, wili -
compliance monitoring associated with permit limits allow
the reguiatory authority to deterrmine whether or not such
permit imits are violated.

« The WLA that assumes that the discharge is steady state
(i.e, not changing over time) requires a limit derivation
assumption regarding how the effiuent may vary.

* MDLs and AMLs average monthly limits must be developed
so that they are consistent with each other and mandate
the required level of wastewater treatment facility perfor-
mance.

» If the acute WLA is used alone directly as the MDL, the limit
will not necessarily be protective against chronic effects. If
the acute WLA is used alone directly as the AML, the limit
can allow excursions above the WLA within each month.

» |f the chronic WLA is used alone as an MDL, the limit wili be
protective against acute and chronic effects but at the
expense of being overly stringent. If the chronic WLA is
used alone as the AML, the limit may be protective against
acute and chronic effects depending upon effluent variabil-
ity.

The objective is to establish permit limits that result in the effluent
meeting the WLA under normal operating conditions virtually ali
the time. It is not possible to guarantee, through permit limits,
that a WLA will never be exceeded. It is possible, however, using
the recommended permit limit derivation procedures, to account
for extreme values and to establish low probabilities of exceedence
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of the WLA in conformance with the duration and frequency
requirements of the water quality standards. This is not to sug-
gest that permit writers should assume a probability. of exceedence
of the WLA, but rather, that they should develop limits that will
make an exceedance a very small likelihood.

Since effluents are variable and permit limits are developed based
on a low probability of exceedence, the permit limits should
consider effluent variability and ensure that the requisite loading
from the WLA is not exceeded under normal conditions. in effect
then, the limits must “force” treatment plant performance, which,
after considering acceptable effluent variability, will only have a
low statistical probability of exceeding the WLA and will achieve
the desired loadings.

Figure 5-3 shows a number of important aspects of the relation-
ships among the various statistical parameters. in this illustration,
‘the most limiting LTA (after comparing the LTAs derived from
both acute and chronic WLAs) has been chosen for the chronic
limiting condition. The more restrictive LTA will automatically
meet both WLA requirements. I the effluent “fingerprint” for this
LTA (and associated CV) is projected, it can be seen that the
distribution of daily effluent values will not exceed the acute or
chronic wasteload allocations for unacceptable periods of time.
The duration and frequency requirements of the acute and chronic
criteria for the pollutant or pollutant parameter will not be ex-
ceeded. This figure also illustrates permit limits derived from the
more limiting LTA. (Note that for the scenario depicted in Figure
5.3, the MDL is lower than the acute WLA and the average
monthly imit is lower than the chronic WLA. This scenario will
occur when a 99-percent probability basis is used to calculate the
LTA and a 95-percent probability basis is used to calculate the
permit limits from the lower of the acute and chronic LTA. For
other probability assumptions, these relationships wilt differ.)

5.3.2 Types of Water Quallty Models and Mode! Outputs

Each of the two major types of water quality modets, steady-state
and dynamic, and their WLA outputs have specific implications

Acute Wasteload Afiocation
Daity Parmit Limit
15
" g — T o e
Permit Limit
5 ﬁ ‘U ﬁ M Long-Term Average
o T T T T ™ T T T Y
0 10 20 .80 a0 50
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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 befow. EPA recommends
that steady-state WLA analyses generally be used by permit-
ting authorities in most cases and especially where few or no
whole effluent toxicity or specific chemicat 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. i adequate
recelving 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
cafculate WLAs at critical conditions, which are usually combina-
tions of worst-case assumptions of flow, effluent, and environ-
mental effects. For example, 2 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 mode! will be protective of water quality standards at the
critical conditions and for all environmental conditions less than
critical. However, such permit limits may be more stringent than
necessary to meet the return frequency requirements of the water
quality criterion for the pollutant of concern.

On the other hand, a steady-state modef approach may invoive
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 ievel 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 fimits,

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 wifl gener-
ally be lower than limits derived from dynamic models.

a) Single Volue From a Steady-State Analysis

Some single-value, steady-state modeling has been used to calcu-
late only chronic WiAs, These models produce a single effluent
loading value and no information about effluent variability. Single
value WLAs are typically based upon older State water quality
standards that do not specify levels for both acute and chronic
protection but only include one level of protection. Such outputs

- also would be found where a model is based upon protection of

human health, since only a single long-term ambient value is of
concern.
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b) Two Values from Steady-State Analysis

Steady-state modeling for protection of aquatic life can specily
two sets of calculations—one for protection against acute effects
and one for protection against chronic effects. These models
must use water quality criteria specifying two levels of protection,
in addition, these models include tonsiderations of mixing zones
when developing WLAs 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
fimits.

For complex discharge situations (i.e, multiple dischargers or
complex environmental factors needing consideration), water qual-
ity models and associated WELAs are typically developed by spe-
. cialized water quality analysts in the regufatory authority. How-

ever, the permit writer is often required to develop a water quality
model and WLA prior to permit limit derivation. In the latter
situation, water quality modeling usually consists of simple steady-
state dilution models using worst-case assumptions.

Dynamic Modeling

Dynamic models use estimates of effluent variability and the
variability of receiving water assimilation factors to develop effiu-
ent requirements in terms of concentration and variability. The
outputs from dynamic models can be used to base permit limits
on probability estimates of receiving water concentrations rather
than worst-case conditions. The advantages and disadvantages
of various types of dynamic models are provided in Chapter 4,

in general, dynamic models account for the daily variations of and
relationships between fiow, effluent, and environmental condi-
tions and therefore directly determine the actual probability that a
water quality standards exceedence will occur. Because of this,
dynamic models can be used to develop WLAs that maintain the
water quality standards exactly at the return frequency require-
. ments of the standards. Since this return frequency is usually one

event in 3 years, WLAs developed by dynamic models are typically.

higher than those developed by steady-state modeis.

A targeted long-term average performance level and coefficient of
variation can be derived from each type of dynamic mode! 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 developing permit limits. Chapter4
details the different dynamic modeis. Specific instructions for the
use of dynamic models are available in the references listed at the
end of Chapter 4. :

5.4  PERMIT LIMIT DERIVATION

There are a number of different approaches currently being used
by permitting authorities to develop water quality-based limits for

toxic poliutants and toxicity. Differences in approaches are often
attributable to the need for consistency between permit lmit
derivation procedures and the assumptions inherent in various
types of water quality models and WLA outputs. In addition,
permitting authorities also are constrained by legal requirements
and policy decisions that may apply to a given permitting situa-
tion. In some instances, however, permitting procedures have
been adopted without carefu) consideration of the toxicological
principles invalved or the advantages and disadvantages of the
procedure.

To avoid this problem, EPA recommends that the statistical
permit limit derivation procedure described in this chapter be
used for the derivation of both chemical-specific and whole
effluent toxicity limits for NPDES permits. The type of WLA
chosen from which to derive the limits is a matter of case-by-case
application, as determined by the permitting authority. Although
there are advantages and disadvantages associated with each of
the procedures, EPA believes that the statistical derivation proce-
dures will result in the most defensible and protective water
quality-based permit limits for both specific chemicals and whole
effluent toxicity.

The following section expiains EPA’s recommended permitting
procedures and highlights advantages and disadvantages of vari-
ous other approaches. With this information, permitting authori-
ties will be better informed when deciding on the most appropri-
ate permit limit derivation approach. For example, permitting
authorities may decide to derive water quality-based permit limits
for all dischargers using a steady-state WLA model as a baseline
limit determination. If time and resources are available or if the
discharger itself takes the initiative (after approval by the regula-
tory authority), dynamic modeling could be conducted to further
refine the WLA from which final permit limits would be derived.
Box 5-1 presents example permit limit caiculations for each of the
principal types of WLA outputs discussed in Section 5.4.1. Permit
fimits derived from dynamic modeling are usually higher than
those based upon steady-state modeling. The difference is re-
flected in Box 5-1 and has been observed in actual applications [1,
2, 3). In addition, the case studies in Chapter 7 illustrate how
water quality-based permit limits are derived and compare the
results of limits derived from steady state and dynamic wasteload
allocations.

5.4.1 EPA Recommendations for Permitting for Aquatic

Life Protection

Permit Limit Derivation from Two-Value, Steady-State Out-
puts for Acute and Chronic Protection

A number of WLAs have two results: acute and chronic require-
ments. These types of allocations will be developed more often as
States begin to adopt water quality standards that provide both
acute and chronic protection for aquatic life. These WLA outputs
need to be translated into MDLs and AMLs. The following
methodology is designed to derive permit limits for specific chemi-
cais as well as whole effluent toxicity to achieve these WLAs.

+ A treatment performance level (LTA and CV) that will allow
the effluent to meet the WLA requirement is calculated.
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Box 5-1. Sampie Caiculations of Permit Limits for Whole Etfiuent Toxicity
from Different Wasteload Allocation Data

Available Data
Two Valse wasteload Dynamic model Single wasteload
'_allocation shocation
Wasteload Aliocation (WLA) an - 14.3
Acute Wasteload Aliocation (WLAa) 2.60 — eee
Chronic Wasteload Atiocation (WLAC) 4.3 — —
Acute-Chronic Ratic 4.62 - —_
Coefficient of Variation (CV) 0.8 0.8 0.8
Number of Samples per Month (n) 4 4 4
Long Term Average (LTA) — 9.44 —

From two-value steady state wasteload allocation

From dynamic model output

MDL = LTA, c*e [2.3260-0.502] = 2,99¢4.01 (from Table 5-2) =12.0
AML = ETAy cve l2.326¢n-0.50n2]= 2.9902.27 (from Table 5-2) =6.79

WA, = WLARSACR = 2.60%4.62 =12.0
LTAc = WLACse [0.502.2.3260] = 14.390.440 (from Table 5-1) = 6,29
LTAgc = WLA, cve [0.5042-2.32604)= 12:000.249
(from Table 5-1} = 2,99

MDL = LTA *e [2.3260-0.562]= 9.44+4.01 (from Table 5-2)= 37.9

I
AML = LTA %€ [2.32600-0.5002]= 9.4402.27 (from Table 5.2)= 21.4

From single wasteload allocation

Qption 1

Option 2
MDL = WLA

AML = MDL/2

LTA = WlAse [0.562-2.3260] = 14.340.440 (from Table 5-1) = 6,29
MDL = LTA%e [2.3260-0.502] = 6.29+4.01 (from Table 5-2)
AML = LTAse [2.3260,,-0.5002] = 6.29+2.27 (from Table 5-2)

Note: All calculations use the 99th

= fi: percentile z statistic for calculation
; of long-term averages and permit
limits,
= 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 WLA is converted
into an equivalent chronic WLA by multiplying the acute
WLA by an acute-to-chronic ratio (ACR). This ratio should
optimally be based on effluent data, but also can be esti-
mated as 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).

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. H the WLA is

simply adopted as the permit limit, the possibility exists for
exceedance of the WLA due to effluent variability. Clearly,
however, effluents are variable. Therefore, permit limits are
established using a value corresponding to a percentile of
the selected probability distribution of the effluent (e.g.,
95th or 99th percentile).

it allows comparison of two independent WLAs (acute and
chronic) to determine which is more limiting for a dis-
charge. The WLA output provides two numbers for protec-
tion against two types of toxic effects, each based upon
different mixing conditions for different durations. Acute
effects are limited based upon 1-hour exposures at critical
conditions, close to the point of discharge, or where neces-
sary, at the end of the pipe. Chronic effects are lirmnited
based on 4-day exposures after mixing at critical condi-
tions, These requirements yield different effluent treatment
requirements that cannot be compared to each other with-
out calculating the LTA performance level the plant would
need to maintain in order to meet each requirement. With-
out this comparison (or in the absence of procedures that
address this comparison), the WLA representing the more
critical condition cannot be determined. A treatment sys-
tern will only need to be designed to meet one level of
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Box §-2. Calkiulating Permit Limits Based on Two-Valus Wasteload Allocation

steps:

To set maximum daily and average
monthly permit iimits based on
acute and chronic wasteload
alfocations, use the following four

Step 1 (for whole effiuent toxicity only) |

WLA, (in TUJ = WLA, (in TU,) » ACR

Convert the scute wasteload
allocation to chronic toxic
units, Skip to Step 2 for
chemical-specific limits,

Calculate the long-term
average wasteload that will
satisfy the acute and chronic
wasteload allocations.

Determine the lower (more
fimiting) qf the two long-term
averdages.

Calculate the maximum daily
and average monthily permit
limite using the lower (more
limiting) long-term average.

Step 2 (start here for chemical specific limits)

LTA,, = WLA,  + ¢ 105" -2

where ¢ = In{CV?+1)
z = 1,645 far 95th percentile probability basis, and
Z = 2.326 for 99th percentile probability basis

LTA, = WLA,_» e (050 - 20

where 0,2 = In{CV¥/4 +1)
z = 1.845 for 95th percentile probability basis, and
2 = 2.326 for 99th percentile probatility basis

Step 3

Term

Meaning

LTA = min (LTA, LTA, )

cv Coefficient of variation
q Standard deviation

Step 4

WA, . Acute wasteioad allocation
! in chronic toxic units.
WLA, Acute wasteload allocation

in acute toxic units
Wwia,  Chronic wasisioad
allocation in chronic toxic
units
LTA“ Acute long-1erm avemge
wastsload in chronic units
LTA, Chronic fong-tem average
wasteload
TU, Acute toxic units
T, Chronic toxic units
ACR Azute-to-chroni ratio
MDL Maximum dally §mit
AML  Averape morfthly kmit
z Z statistic

MDL = LTA » ¢ 20-05¢°]

where o® = In{CV2+1)
Z = 1.645 for 95th percantile probability basis, and
Z = 2.326 for 99th percentile probability basis

AML = LTA g (20— 0.50.7]
where 0% = In(CV/n +1)

2 = 1.645 for 95th percentile probability basis, and.

2 = 2.326 for 99th percentile probability basis

“Full detalls of this procedure are found in Appendix E,
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Figure 5-4. Flowchart for Calculating Permit Limits From
Two-Value, Steady-State Wasteioad Aliocation
for Aquatic Life Protection

treatment for effluent toxicity—treatment needed to control
the most limiting toxic effect,

* The actual number of samples can be factored into permit limit
derivation procedures. The procedure provides the means to
accurately determine the AML based on the number of obser-
vations that will be taken,

The principal disadvantages of this approach are:

s Some permit writers have indicated that additional math-
ematical calculations associated with these procedures increase
the burden for the permit writer and add what is perceived to
be an unnecessary step.

* The use of a steady-state WLA may result in permit limits that
are more conservative due to the assumption of critical condi-
tions. However, these limits are still protective of water quality
criteria. The level of conservatism may be necessary in those
instances where limited data prevent a more precise evaluation
of a WLA,

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 effiuent toxicity can be specified by using
dynamic modeling from which the WLA is expressed as a required
efffuent performance in terms of the LTA and CV of the daily
values. When a WLA is expressed as such, there is no confusion
about assumptions used and the translation to permit fimits. A
permit writer can readily design permit limits to achieve the WLA
objectives: The types of dynamic exposure analyses that yield a

- WLA in terms of required performance are the continuous simula-

tion, Monte Carlo, and lognormal probabilities analyses. Chapter
4 provides a general discussion of these models. Guidance manu-
als for developing WLAs are listed in the references at the end of
Chapter 4. Once the WLA is determined, the permit limit deriva-
tion procedure which can be used for both whole effluent toxicity
and specific chemicals, is as follows:

* The WLA is first developed by iteratively running the dy-
namic model with successively lower LTAs until the model
shows compliance with the water quality standards.

+ The effluent LTA and 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 iimit derivation procedures described in Box 5-
2, Step 4 are used to derive MDLs and AMLs from the
required effluent LTA and CV. Unlike these procedures for
steady-state WLAs, there is only a single LTA that provides
both acute and chronic protection, and, therefore, the
comparison step indicated in Figure 5-4 and Box 5-2 is
unnecessary,

The principal advantages of this procedure are:

It provides a mechanism for computing permit limits that
are toxicologically protective. As with the procedure sum-
marized below for two-value, steady-state WLA outputs,
the permit limit derivation procedures used with this type
of output consider effluent variabifity and derive permit
limits from a single limiting LTA and CV.

* Actual number of samples is factored into permit limit
derivation procedures. This procedure has the same ele-
ments as discussed for the statistical procedures in Option 2
below.

» Dynamic modeling determines an LTA that will be ad-
equately protective of the WLA, which relies on actual flow
data thereby reducing the rieed to rely on worst case critical
flow condition assumptions.
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Table 5-1. Back Calculations of Long-Term Average

WLA Multiphers
oV al®8 ol.z20)
g5th o5th
Percontila | Percentile Acute
0.1 0.853 0.797
0.2 0738 0.643 {050%-z0)
0.3 0.644 0.527 LTA, . =W ‘e
04 0.571 G40 ae = Wtha,
08 0.514 | 0.373
o¢ 0.488 0.329 where o2 =In[CV2 + 1), )
07 0.432 0.281 Z = 1.645 for B5th percentite occutrence protiability, and
04 0.403 0249 Z = 2.326 for 99th percentile occurrence probability
09 0.379 0224 .
1.0 0.360 0.204
1.4 0.344 0,187
12 0.3%0 0.174
13 0.218 6,162
14 0.310 0,153
15 0.302 Q.144
1.8 0.206 0137
17 0.260 0139
1.8 0.28% G126
1.8 0.281 0.121
20 0277 0.117
WLA Muttipliers
foy 9[0.5542-104]
95th 98th
Percentiie Percentile
Chronic a1 a.822 0.891
( 4-day average) 0.2 0883 0.797
Q.3 0.791 0.715
(0502 : 0.4 0.736 0.643
LG0T 0y 05 0.687 0.581
LTA =WLA *e 0.6 0.644 0.527
0.7 0.606 (.481
where o2 = in{CV2/44 1], g—g g-g:}l g-m
2 = 1,645 for 95th parcentile occurrence probability, and 10 0514 0.373
2z = 2,326 for 99th parcentile cccurrence probability 14 0.490 ' 0445
1.2 0.468 .32t
13 0.449 0.300
1.4 Q432 0.281
15 047 0.264
1.6 0.403 0.249
1.7 0.390 0.236
18 0379 0.224
19 0.269 0214
2.0 0.360 0.204

The principal disadvantages of this procedure are:

» Necessary data for effiuent variability and receiving water
flows may be unavailable, which prevents the use of this
approach.

+ The amount of staff resources needed to explain how the
{imits were devefoped and to conduct the WLA also is a
concem. The permit documentation (i.e., fact sheet) will
need to clearly explain the basis for the LTA and CV and this
can be resource intensive.

Permit Limit Derivation From Single, Steady-State Model

Output

Some State water quality criteria and the corresponding WL As are
reported &s a single value from which to define an acceptable
jevel of effluent quality. For example, “copper concentration
must not exceed 0.75 milligrams per fiter (mg/l) instream.” Steady-
state analyses assume that the effluent is constant and, therefore,
the WILA value will never be exceeded. This presents a problem in
deriving permit limits because permit limits need to consider

effluent variability.
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Table 5-2. Calculation of Permit Limits

LTA multipliers
cv e[zc--o.:m“’ ]
95th #9th
Percentila | Percentiie Maximum Dally Limit
0.1 147 1.25 X
0.2 1.36 155 -
03 185 190 MDL = LTA + g [29705¢°)
0.4 1.75 227 _
0.5 byt 288 where o?= In[CVZ + 1],
g'g 2;? g;; 2 = 1,645 for 95th parcentlie occurrence probability, and
08 248 201 z = 2.326 for 99th percentile occurrence probability
09 2684 446
10 278 490
11 2.1 5.34
12 3.03 576
13 3.13 8.17
14 2.23 656
1.5 an 6.93
18 3.38 7.28
17 345 7.63
18 381 7.95
18 3.56 8.28
2.0 2.60 8.55
LTA Multipliers
LY ~050,2)
cv 95th Lo
Percentile eroanti
Average Monthly Limit- :
n=i n=2 n=4 n=10 n=30 | n=1 M2 n=4 n=10 n=30
01 117 112 108 106 103 125 118 1.12 108 1.04
0.2 136 125 117 1312 106 155 137 125 116 1.09
03 155 138 126 1.8 108 180 159 140 124 113
0.4 175 152 136 1256 112 227 183 t55 133 1.18
(zo,-08c,2] | 05 | 195 166 145 131 116 | 260 200 172 142 13
AML=LTAe n® ¥ o0 06 | 213 180 155 138 119 | 311 237 180 152 128
07 | 231 184 165 145 1.22 | 356 266 208 162 1.33
08 | 248 207 175 152 126 | 401 296 227 173 139
where 6,2 < In[CV2/n+ 1], 09 | 264 220 185 159 120 | 448 228 248 184 144
z = 1.645 for 85th percentile, 10 ] 278 233 185 166 133 | 480 359 268 186 150
2= 2.226 for 99th percentile, and| 1.1 '] 291 245 204 173 136 ] 534 3IM 280 207 1.56
n = number of samples/month 12 | 203 285 233 1.80 190 | 576 428 31 219 182
13 313 267 223 187 143 617 455 334 232 1868
1.4 323 277 231 184 147 65 486 356 245 1.74
1.5 3.3t 285 240 200 150 893 517 378 258 180
1.6 338 295 248 207 154 720 547 401 27T 187
17 | 345 303 256 214 157 | 763 B77 423 284 188
18 | 351 310 284 220 161 | 785 608 448 208 200
19 | 386 347 271 227 184 | 6826 634 468 312 207
20 | 360 320 278 233 168 | 655 661 400 328 214
The proper enforcement of this type of WLA depends on the The principal advantages and disadvantages of this procedure are
parameter limited. For nutrents and biochemical oxygen de- similar to those for the two-value permit limit derivation method
mand (BOD), the WLA value generally has been used as the discussed previously except that it does not examine two WLAs,
average daily permit limit. However, the impact associated with
toxic pollutants is more time dependent, as reflected in the 4-day :
average duration for the criteria continuous concentration (CCC) 542 Other Approaches to Pormitting for Aquatic Life
(see Chapter 2). Where there is only one water quality criterion Other approaches for translating WEA outputs into permit limits
and therefore only one WLA, permit limits can be developed have been used by some permitting authorities. These methods
using the following procedure: may combine elements of the statistical procedures discussed
earlier with specific technical and policy requirements of the
» Consider the single WLA to be the chronic WLA and derive permitting authority to derive limits that may be protective of
an chronic LTA for this WLA using the procedures in Box 5- water quality and consistent with the requirements of the WLA.
2 (Step 2, Part 2). Such approaches may use simplified statistical procedures,
¢ Derive MDLs and AMLs using the procedures in Box 5-2 '
(Step 4).
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For example, some permitting authorities assume a value for the
CV and an acute to chronic ratic above which the chronic WLA
will always be more miting. Where such simplifying assumptions
are used, the need to compare LTAs derived from acute and
chronic steady-state models is unnecessary. Simifarly, for as-
sumed values for n, CV, and exceedence probability, the various
equations shown in Box 5-2 can be simpiified further, such that
the AML will always be a constant fraction of the MDL,

These approaches allow the permit writer to rapidly and easily
transtate the results of WLAs into permit limits, However, the
permit writer clearly should understand the underlying proce-
dures and carefully explain the basis for the chosen assumption.
Appropriate State or regional guidance documents also should be
referenced.

Ancther approach used by some permit authorities involves the -

direct use of the WLA as a permit limit, This approach sometimes
invoives the foliowing steps:

+ The WLA value for toxic pollutants is used as the MDL.

* |n the absence of other information, permit writers typically
divide the MDL by 1.5 or 2,0 to derive an AML (depending
on the expected range of variability).

The principal advantage of this approach is that it is very straight-
forward to implerent and requires minimal resources. The disad-
vantage of this option is that the average monthiy fimits must be
derived without any information about the variability of the efflu-
ent, parameter; therefore, the permit writer cannot be sure that
these procedures are protective of water quality criteria. Con-
versely, limits derived from this approach may be overly stringent
and subject to chalienge,

The direct application of both the acute and chronic WLAs as
permit limits is another approach that has been used. The WLA
developed for protection against chronic effects becomes the
average monthly fimit and the acute WLA becomes the MDL.

EPA discourages the use of this approach. Since effluent vari- -

ability has not been specifically addressed with this approach,
compliance with the monthly average (30-clay) effluent limit
during critical conditions could exteed the chronic (4-day) 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. 8y contrast, compilance 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 namative “no toxlcity”
limit that is measured using a toxicity testing method that em-
ptoys only a control and a single exposure at the receiving water
concentration (RWC). This is sometimes referred to as a “pass/
fall” toxicity test. Although ‘these tests can be fess expensive than
full dilution series testing, they provide no knowledge as to the
extent of toxicity present during the test and therefore no data
conceming the seriousness of the impact or the amount of toxic-
ity reduction necessary. The death of a single test animal can
occur at any congentration 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 reiationships 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
recommenis that whole effluent toxicity limits be established
using a statistical derivation procedure that adequately ac-
counts for effluent variability and that monitoring for compli-
ance with whole effluent toxicity limits be conducted using a
full dilution series.

When setting a whole effluent toxicity limit to protect against
acute effects, some permitting authorities use an end-of-pipe
approach, Typically, these limits are established as an LC50>100-
percent effluent at the end of the pipe. These limits are routinely
set without any consideration as to the fate of the effluent and the
concentrations of toxicant(s) after the discharge enters the receiv-
ing water, Limits derived in this way are not water quality-based
limits and suffer from significant deficiencies since the toxicity of a
pofiutant depends mostly upon concentration, duration of expo-
sute, and repetitiveniess of the exposure. This is especially true in
effluent dominated waters. For example, an effluent that has an
LC50=100 percent contains encugh toxicity to be lethal to-up to
50 percent of the test organisms. If the effluent is discharged to a
low-flow receiving waterbody that provides no more than a three-
fold dilution at the critical flow, significant mortality can occur in
the receiving water. Furthermore, such a limit could not assure
protection against chronic effects in the receiving waterbody,
Chronic effects could occur if the dilution in the receiving water
multiplied by the acute to chronic ratio Is greater than 100
percent. Therefore, in effluent dominated situations, limits set
using this approach may be severely underprotective. In contrast,
whole effluent toxicity limits set using this approach in very high
receiving water flow conditions may be overly restrictive. Be-
cause of these problems, EPA recommends that all whole
effluent toxicity limits be set as water quality-based limits and
that to do so, the statistical permit limit derivation procedures
discussed in Section 5.4.1 be followed, :

5.4.3 Specisl Permitting Reguirements

Water quality-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
are some differences in the water quality criteria used as the basis
for protection, the designation of mixing zones, and the water
quality models used to develop WLAs; however these differences
are addressed in the WLA. (See discussions of these elements in
previous chapters.) In addition, there are some special regulatory
considerations associated with these types of dischargers, includ-
ing special reviews of permits with such programs as the Coastal
Zone Management Program. Some discharges also require an
Ocean Discharge Criteria Evaluation under Section 403(c) of the
Clean Water Act (CWA). .

4.4  EPA Recommendstions for Permitting for Human
Health Protoction

#ermit development to protect against certain routes of exposure
is another key consideration. Ingasting contaminated fish and
shelifish is a toxic chemical exposure route of serious potential
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human health concern for which there is no intervening treat-
ment process, unlike the drinking water route of exposure. Efflu-
ent limits designed o meet aquatic life criteria for individual
toxicants and whole effluent toxicity are not necessarily protective
of toxic pollutant residue formation in fish or shellfish tissue.

Developing permit limits for pofiutants affecting human health is
somewhat different from setting limits for other pollutants be-
cause the exposure period is generally longer than 1 month, and
can be up to 70 years, and the average exposure rather than the
maximum exposure is usually of 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 every month. ' the procedures described previ-
ously for aquatic life protection were used for developing permit
limits for human health pollutants, both MDLs and AMLs would
exceed the WLA necessary to meet criteria concentrations. Thus,
even if a facility was discharging in compliance with permit limits
caiculated 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 eqglal to the WLA

* Calculate the MDL based on effiuent variability and the
number of samples per month using the multipliers pro-
vided in Table 5-3,

This approach ensures that the instream criteria wil! be met over
the long-term and provides a defensible method for calculating 2
MDL. Both an MDL (weekly average fimit for POTWSs) and a
monthly average limit are required by EPA regulations, unless
impracticable (40 CFR 122.45(d)) and are applicable for human
health protection. The MDL sets an upper bound on effluent
values used to determine the monthly average and provides a
measure of effluent compliance during operational periods be-
tween monthly sampling.

5.5  SPECIAL CONSIDERATIONS IN USE OF
STATISTICAL PERMIT LIMIT DERIVATION
TECHNIQUES

The following discussion summarizes the effect of changes in the
various statistical parameters on the permit fimits 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. : :

8.5.1  Effect of Changes of Statistical Parameters on Permit

« Effect of changes in CV on derivation of LTA from WLA:
As the CV increases, the LTA decreases; and conversely, as
the CV decreases, the LTA increases (see Figure 5-5).

Reason: The LTA must be lower relative to the WLA to
account for the extreme values observed with high CVs. An
LTA with a zero CV equals the WLA,

» Effect of changes in CV on derivation of permit limits for
a fixed probability basis: As the CV increases, the permit
limits increase (become less stringent); and conversely, as
the CV decreases, the permit limits decrease {(become more
stringent; see Figure 5-6).

Reason: A higher value for the permit fimit 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.

+ Ftfect 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 monthily 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=1, at which point the AML equals the MDL
(see Figure 5-7).

Reason: As n increases, the probability distribution of the
n-day average values becomes less variable (narrower)
around the LTA. Therefore, the 95th or 99th percentile
value for an n-day average decreases in absolute value as n
increases. (See additional discussion in Section 5.5.3.)

e Effect of changes in probability basis for permit Himits:
As the probability basis for the permit limits expressed in_
percentiles (e.g., 95 percent and 99 percent) increases, the
value for the permit limits increases (becomes Jess strin-
gent). The converse is true as the probability basis de-
creases (see Figure 5-6),

As the coetficient of variatian
0.8 increases. the 'ong-tem
BveTAge decreases
£ 1
88 oo
g <
°
g %
E % 95% Probability Basis
2
g z D4 /
=
5 3
=
[+ 02 " 99% Probability Basis
0 T .
6.0 0.5 10 15 20

Coaofficient of Variation

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 effects on
the derived limits depending upon the selection made for each,
Ta help illustrate the combined effect of these factors, Figure 5-8

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 an the derivation
of the MDL.

5.5.2 Costliclest of Varistion

Use of the statistica! 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.

Table 5-3. Multipliers for Calculating Maximum Daily Permit Limits From Average Monthly Permit Limits

To obtain the maximurm daily permit limit (MDL) for a bioconcentratable pollutant, multiply the average monthly permit limit
{AML) (the wasteload allocation) by the appropriate value in the following table,
Each vaiue in the table is the ratic of the MDL to the AML as calculated by the following relationship derived from Step 4 of the
statistically based permit limit calculation procedure. :
MOL= exp {zmo - 0.502]
AML  exp [z,0n - 0.50,12]
where
op2= In(CVZ/n +1)
62 = In(CvZ41)
CV = the coefficient of variation of the effluent concentration
n = the number of samples per month
2m = the percentile exceedance probabiiity for the MDL
z, = the percentile exceedance probability for the AML,
Ratlo Between Maximum Daily and Average Monthly Permit Limits
Maximum = 99th percentile Maximum = 99th percentile
! Average = 95th percentile Average = 99th percentile
ool n=2 n=4 n=8 n=3¢ | o=t n=2 n=4 n=8 n=30
0.1 1.07 1.13 1.16 1.18 122 1.00 1.07 112 1.16 1.20
0.2 1.14 1.25 1.33 1.39 1.46 1.00 113 1.24 1.32 1.43
0.3 1.22 1.37 1.50 1.60 1.74 1.00 1.19 1.36 1.49 1.67
0.4 1.30 1.50 1.67 1.82 2.02 1.00 1.24 1.46 1.66 192
0.5 1.38 1.622 1.84 2.04 2.32 1.00 1.28 1.56 1.81 2.18
0.6 1.46 1.73 am 2.2% 2.62 1.00 1.31 1.64 1.95 2.43
0.7 1.54 1.84 2,16 245 29N 1.00 1.34 1.n 2,08 267
0.8 1.61 194 2.29 2.64 3.19 100 1.35 1.76 2.19 2.89
09 1.69 2,03 241 2.81 345 1.00 1.36 1.80 2.27 3.09
1.0 1.76 21 2.52 2.96 3.70 1.00 1.37 1.83 2.34 3.27
1. 1.83 218 2.62 3.09 393 1.00 1.37 1.84 239 343
1.2 1.90 2,25 2.70 3.20 4.13 1.00 1.36 1.85 243 3.56
1.3 1.97 2.31 2.77 3.30 4,31 1.00 1.36 1.85 245 3.68
1.4 203 2.37 2.83 3.39 4.47 1.00 1.35 1.84 2.46 3.77
1.5 2.09 o242 2.89 3.46 4.62 1.00 1.34 1.83 2.46 3.84
1.6 215 2.42 2.89 3.46 4.62 1.00 1.33 1.82 246 1.50
1.7 2 2.52 2.98 357 4.85 1.00 1.32 1.80 2.45 3.94
1.8 2.27 2.56 3.0 3.61 4.94 1.00 1.31 1.78 243 397
19 0 232 2.60 3.05 3.65 5.02 1.00 1.30 1.76 24 3.99
20 | 237 2.64 3.07. 3.67 5.9 1.00 1.29 1.74 2,38 4.00
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4 As the coefficient of variation
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Figure 5-6. Maximuem Daily Permit Limit a3 a function of the
Coefficlent of Variation .
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Figure 5.7, Relationship Between Average Monthly Permit
Limits and Number of Samples Per Month

tf variability is mostly related to production, current data may be
used to estimate the CV. i 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 poliutants. 1t is important to use the best estimate of
the CV that can be reasonably achieved. As explained in Chapter
3, EPA’s review of the uncertainty associated with effluent variabil-
ity suggests that a minimum of 10 samples is needed to reason-
ably quantify the CV.

One concern with respect to using an appropriate CV in the
statistical limit derivation procedures is that CVs of regulated
systems may be quite different from nonregulated systems. in
other words, after permit limits are in place and the permittee is
operating to achieve the requisite limits, the variability associated
with the parameter of concern may change considerably. Where

.the permit writer has reason to believe that the CV of the regu-

lated system may behave differently from the nonregulated sys-
tem (e.g., where changes in the treatrment 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
individuai 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 effiuent
variability present. Based upon analyses of a wide variety of data
frorn 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 poliutant 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
variabifity of effluents measured by EPA (see Appendix A) and
represents a reasonable degree of relative variability. However,
wherever possible, it is recommended that data on effluent vari-
ability for the pollutant of concern be collected to define a CV
rather than selecting a default value.

5.5.3 Nember of Samples

The statistically based method for permit limit derivation resuits 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
monthiy sampling requirements. '

The AML 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. monthly limit based on 4 samples. However, the strin-
gency of these procedures is constant across monitoring frequen-
cies because the probability basis and the targeted LTA perfor-
mangce are the same regardless of the number of samples taken.
Thus, a permittee performing according to the LTA and variability
associated with the wasteload allocation will, in fact, meet either
of these AMLs when taking the corresponding number of monthly
samples.

For water quality-based permitting, effluent quality is determined
by the underlying distribution of daily values, which is determined
by the LTA associated with a particular WLA and by the CV of the
effluent concentrations. increasing or decreasing monitoring
frequency does not affect this underlying distribution or treat-
ment performance, which should, at a minimum, be targeted to
comply with the values dictated by the WLA. Therefore, it is
recommended that the actual planned frequency of monitor-
ing normally be used to determine the value of n for calculat-
ing the AML. However, in situations where monitoring fre-
quency is once per month or less, 2 higher value for n must be
assumed for AML detlvation 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 quartery. In this case, both the
average monthly and the MDI would exceed the criterion. (For
example, for a CCC of 1.0 chronic toxic unit [YU,] applied as a
WLA at the end of the pipe, both the MDL and AML would be 1.6
TU,; assuming CV=0.6, n=1, and a 99-percent probability basis.)
‘A discharger could thus comply with the permit imit but rou-
tinely exceed the criterion. Under these circumstances, the
statistical procedure shouid be employed using an assumed
number of samples of at least four for the AML derivation.

5.5.4 Probabiitly Basis

Selection of the probability basis for use in the equations in Boxes
5-1 and 5-2 is a permitting authority decision necessary for estab-
fishing statistically derived permit limits. Where a permitting
authority does not have specific guidance for the probability
basis, EPA recommends the following:

For calculation of the LTAs from the WLAs {Box 5-2).

. Bdth acute and chronic WLA—.01 probability (99th per-
centile level).

For calculation of permit limits from the most limiting LTA {Box 5-
1):

* MDL—.01 probability basis {(99th percentile level)
+ AML—.05 probability basis (95th percentile level).

The probability levels for deriving permit limits have been used
historically in connection with development of the effluent limits
guidelines and Have been upheld in legal challenges to the guide-
lines [4]. It is important to note that these levels are statistical
probabilities used as the basis for developing limits. The goal in
establishing these levels is to allow the regulatory agency to
distinguish between adequately operated wastewater treatment
plants with normat variability from poorly operated treatment
plants and to protect water 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. EPA considers the WLA to produce an effluent
condition that should never be exceeded whenever the critical

_design conditions occur. To characterize this effluent condition,
E£PA uses the 99th percentile concentration from the upper tall 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 MODLs.

5.6  PERMIT DOCUMENTATION

The fact sheet and supporting documentation accompanying the
permit must clearly explain the basis and the rationale for the
permit limits. When the permit is in the draft stage, the support-
ing documentation will serve to explain the rationale and assump-
tions used in deriving the limits to the permittee and the general
public in order to allow public comment on the draft permit.

) 5-7&’

When the permit is issued, the administrative record for the
facility (particularly the fact sheet) will be the primary support for
defending the permit in administrative appeals including
evidentiary hearings. This information also will serve to alert
compliance/enforcement personnel to any special considerations
that were addressed at the time of permit issuance. In addition,
the accompanying documentation will be extremely important
during permit reissuance and will assist the permit writer in devel-
oping a revised permit.

In 40 CFR Part 124.56, a fact sheet containing “[a)ny calculations
or other necessary explanation of the derivation of specific effiu-
ent limitations” for many draft permits is required. Accordingly,
the WLAs along with the required LTA and CV used and the
calculations defiving 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 developrnent 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 LIMITS AND DEVELOPING
MONITORING REQUIREMENTS

Limits must be expressed clearly in the NPDES permit so that they
clearly are enforceable and unambiguous. Chapter 6 discusses
compliance monitoring and enforcement problems that can re- -
sult from improperly expressed limits. Al 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.

Mass-hased Effjvent Limits

Mass-based effluent fimnits are required by NPDES regulations at
40 CFR 122.45(f)." The regulation requires that all pollutants
limited in NPDES permits have limits, standards, or prohibitions
expressed in terms of mass with three exceptions, including one
for pollutants that cannot be expressed appropriately by mass.
Examples of such poliutants are pH, temperature, radiation, and
whole effluent toxicity. Mass limitations in terms of pounds per
day or kilograms per day can be calculated for all chemical-
specific toxics such as chlorine or chromium. Mass-based limits
should be calculated using concentration limits at critical flows.
For example, a permit limit of 10 mg/l of cadmium discharged at
an average rate of 1 million galions per day also would contain a

" limit of 38 kilograms/day of cadmium,

Mass-based limits are particularly important for control of
bioconcentratable pollutants, Concentration-based limits will not
adequately control discharges of these pollutants if the effluent
concentrations are below detection levels. For these pollutants,
controlling mass loadings to the receiving water is critical for
preventing adverse environmental impacts.

However, mass-based effluent limits alone may not assure attain-
ment of water quality standards in waters with low dilution. In
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these waters, the quantity of effluent discharged has a strong
effect on the instrearn 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 effiuents discharging into waters with less than
100 fold dilution to ensure attainment of water quality stan-
dards.

5.7.2 Energy Conservation

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
fimits 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 burned. Such reductions can be expected to
result in concomitant decreases in air pollution.

Therefore, EPA recommends that flow reductions and energy
savings be specifically encouraged where appropriate (usually in
dilutions greater than 100:1) by allowing water quality-based
permit jimits to be mass-based and by allowing concentration-
based limits to vary in accordance with flow reduction require-
ments. The permit also could include an energy savings analysis
subject to approval by the permitting authority.

§.7.3 cm?;dmﬂm in the Use of Chemical-specific
Lim,

Metals

Ancther common problem encountered in expressing permit
limits occurs for metals. Some water quality standards express
numeric criteria for metals in terms of the dissolved or acid soluble
phase of the metal. NPDES regulations at 40 CFR 122.45(8
require permit limitations for metals to be expressed in terms of
total recoverable metal uniess (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 differenice between the dissolved
or acid solubie 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 metai was
mostly in the dissolved phase, or where data to use the other
options are unavailable. Second, the permit writer could develop
a site-specific relationship between the phases of metals by devel-

“oping a relationship through review of information on instream

meta! concentrations. This approach requires concurrent sam-
pling of both metal phases during periods reflective of the envi-
ronmental conditions used to determine the WLA. 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 WLA. Fourth, the permit writer could use a geochemical
model, such as the equilibrium metal speciation model MINTEQA2
(see Chapter 4). However, the input data requirement of this
model are equivalent to collecting site-specific data yunder 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 analyticat detection level for the pollutant of concem.
This is particularly true for pollutants that are toxic in extremely
low concentrations or that bioaccurnuiate.

The recommended approach for these situations is to include
in Part 1 of the permit the appropriate permit fimit derived
from the water quality model and the WLA for the parameter
of concern, regardiess 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 us-d for purposes of compliance monitor-
ing. The requirement should indicate that any sarnple is analyzed
in accordance with the specified method and found to be below
the compliance leve! 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
sampies below the compliance level shoufd 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 minimurn level (ML), The ML is the tevel at
which the entire analytical system gives recognizable mass
spectra and acceptable calibration points. This level corre-
sponds to the lowest point at which the calibration curve is
determined based on analyses for the pollutant of concern in a
reagent water. The ML has been applied in determinations of
pollutant measurements by gas chromategraphy combined with
mass spectrometry. The concept of a minimum level recently was
used in developing the Organic Chemicals, Plastics, and Synthetic
Fibers effluent guidelines {5].

The minimum level is not equivalent to the method detection
level, which is defined in 40 CFR Part 136 Appendix B as the
minimum concentration of a substance that can be measured and
reported with 99-percent confidence that the analyte 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 thé 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 specific (and sometimes arbitrary}
multiple of the method detection level. Because the PQL has no
one definition, EPA is not recommending its use in NPDES permit-
ting. Nor is it similar to other terms such as the limit of detection,
limit of quantitation, estimated quantitation limit , or instrument
detection limit.

The permitting authority may choose to specify another levet at
which compliance determinations are made. Where the permit-
ting authority so chooses, the authority must be assured that the
feve! is quantifiable, defensible, and close as possible to the permit
level,

Where water quality-based limits below analytical detection
levels are placed in permits, EPA recommends that special

conditions also be included in the permit to help ensure that--

* the limits are being met and that excursions above water
quality standards are not occurring. Examples of such special
conditions include fish tissue collection and analyses, limits and/or
monitoring requirements on internal waste streams, and limits
and/or monitoring for surrogate parameters. This inforrnation
can be used to help support reopening the permit to establish
more stringent effluent limits if necessary.

5.7.4 Considerations In'the Use of Whole Effiuent Toxicly
Limits
Test Methods

NPDES regulations at 40 CFR 122.44(i)(1)iv) require that meth-
ods approved under 40 CFR Part 136 be used for compliance
monitoring, and in the absence of an approved method, the
permit must specify the method to be used, The permit should
also carefully consider any other case-specific aspects of the whole
effluent toxicity test method that should be designated in the
permit. Such aspects as the dilutions at which testing will be
conducted, the different species to be used, the specific end-
points, the statistical procedures for analyzing the data, quality
assurance, and other factors should be clearly stated as a permit
condition to assure that the whole effluent toxicity testing that is
performed to ascertain compliance with a limit or monitoring
reguirement 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 resuit
in the test being conducted as intended.

Units of Expression and Detection Levels

The permit limit for toxicity itself and the detection levels, or
sensitivity levels, associated with the various types of toxicity tests
determine the type of monitoring requirement, which should be
specified with the limit. It is a misconception to think, for ex-
ample, that only acute toxicity tests should be used where the
WLA for acute protection is used to derive the more limiting LTA
or should always be used to monitor for the MDL. It is a similar
misconception to think that only chronic tests should be used
where chronic LTA is limiting or should always be used to monitor
for the average monthly limit. The MDLs and AMLs are derived
from the more limiting of the two LTAs. Therefore, either acute or

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 t0 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 lmit when
lirmits 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 LCgq as the test endpoint,
has an upper sensitivity level of 100-percent effluent, or 1.0 TU,,
If less than 50 percent of the test organisms die at 100-percent
effluent an LC5q cannot be determined from the test data, and
the true LC5q 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
avaitable 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 imits are used, additional description of the fimit is
required. The limit should be stated in Part 1 as “effluent toxicity”
in the parameter column with “maximum TUs,” “minimum ATE
[acute toxicity endpoint],” or “minimum NOEC” in parentheses
undemeath. The numerical values should be placed in the appro-
priate concentration column followed by TU or a percent sign. A
footnote should direct the reader to Part 3 for specific require-
ments on how to conduct the tests. The description in Part 3
should accomplish the following:

* Explain how the fimit is expressed (e.g., the limit is the
minimum ATE expressed as percent effluent or the limit is
the maximum TLU,)

* Specify the test species and the test methods for compli-
ance monitofing purposes

¢ Describe any special reporting or followup reguirements
{e.g.; requirements to conduct a toxicity reduction evalua-
tion).
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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 for Estimating
the Chronic Toxicity of Effluents and Receiving Waters to Fresh-
water Organisms, EPA/600/4-89/001, March 1989."

“The permittee shall conduct monitoring of effluent toxicity
once per month. One 24-hour composite sample shali 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 shal! be repeated using a freshly col-
lected sample as soon as practicable.”

5.2.5  Selsction of Monitoring Frequencies -

There is no fixed guidance on establishment of monitoring fre-
quencies. The decision on the monitoring frequency is case-
specific and needs to consider a number of factors, including
those listed below:

¢ Type of treatment process, including retenition time

« Environmentat significance and nature 'of the poliutant or

pollutant parameter

Cost of monitoring refative to the discharger’s capabilities
and benefit obtained

Compliance history .

Number of monthly samples used in developing the permit
timit

» Effluent variability.

Based upon an array of data analyzed for both individual chemi-
cals and whole effluent toxicity, and independent of other consid-
erations, EPA has observed that ideally 10 or more samples per
month provides the greatest statistica! likelihood that the average
of the various monthly values will approach the true monthly LTA
value. in practice, however, selection of monitoring frequencies
will need to consider the previously mentioned factors and arrive
at a reasonable compromise of the appropriate considerations.

5.7.6 Analytical Variabliity

Permits require monitoring to establish whether a facility is dis-
charging at a level that complies with the permit limits. All
monitoring includes analytical variability, The true concentration
in a sample can be higher or lower than the measured one due to
this variability; however, there is no way to predict which way it
will go.

"Historically, EPA has not directly considered analytical variability
from monitoring methods when establishing permit limits. if the
upper bound of the analytical variability was added to the limit,
there would be a higher potential that the permit limit would fail

to protect the wasteload allocation. This would nét be consistent
with 40 CFR 122 44(d)(1). On the other hand, if the lower bound
of the analytical uncertainty was subtracted from the limit, there
would be better assurance that the limit achieved the WLA. This
approach could be overly conservative given the other factors
used to develop permit limits. EPA believes that its recommended
approach provides a balance between these two extremes.

5.7.7 Astibacksiiding

CWA Section 402(c) establishes express statutory language pro-
hibiting the relaxation of permit limits based on water quality.
Under the statute, relaxation of water quality-based limits is per-
missible only if either the requirements of Sections 402(c)(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.-

Retaxation of Water Quality-based Limits Under
Section303(d){4)

Section 402(0)(1} prohibits the establishment of less stringent
water quality-based effiuent limitations “except in complianice
with Section 303(d)(4).” Section 303(d)(4) has two parts: Para-
graph (A), which applies to “nonattainment waters” and Para-
graph (B), which applies to “attainment waters.”

+ Nonattainment waters: Section 303(d)(4)(A) aliows estab-
lishment of less stringent water quality-based effluent limi-
tations in a permit for discharge into a nonattainment
water only if {1) the existing permit limitation must have
been based on a total maximum daily load (TMDL) or other
WLA established under Section 303, and (2) attainment of
water quality standards must be assured.

Attainment waters: Section 303(d)(4)(B) allows estabiish-
ment of less stringent water quality-based effluent fimita-
tions in a permit for discharge into an attained water as
long as the revised permit limit is consistent with a State’s
antidegradation policy. This is not restricted to limits based
on a TMDL or WLA.

Relaxation of Water Quality-based timits Under
Section 402

Section 402(0)(2) also outlines exceptions to the general prohibi-
tion against establishment of less stringent water gquality-based
permit limits in a permit, Under Section 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 justify this relax-
ation,

2) Good cause exists due to events beyond the permittee’s
control {e.g., acts of God) and for which there is no reason-
ably available remedy.

3) The permittee has instalied and proper[y operated and
maintained required treatment facilities but still has ‘been
unable to meet the permit limitations (relaxation may only
be allowed to the treatment levels actually achieved).
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4) New information (other than revised reguiations, guidance,
or test methods) justifies relaxation of water quality-based
permit limitations,

This last exception applies to water quality-based permit
limitations only where the revised limitations result in a net
reduction in pollutant loadings and are not the result of
another discharger's elimination or substantial reduction of
its discharge for reasons unrelated to water quality {e.g.,
operation termination).

Although Paragraph 402(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. Asa
result, these exceptions do not provide a basls 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 effluent limits based on water quality. The
relaxation of other permit conditions or standards based on water
quality are governed by EPA's existing antibacksliding regulations
at 40-CFR 122.44()(1). Under these regulations when a permit is
renewed or reissued, interim effluent limitations, standards, or
conditions must be at least as stringent as the final effluent
limitations, standards, or conditions in the previous permit “un-
less the circumstances an which the previous permit was based
have materially and substantially changed since the time the
permit was issued and would tonstitute cause for permit modifi-
cation...”. in other words, unless cause for permit modification is

present, relaxed conditions or standards are not permissible, EPA

regulations setting forth cause for permit modification can be
found at 40 CFR 122.62.

Restrictions of Backsliding

" Even if any of the backsliding exceptions outlined in the statute or-

regulations are applicable and met, Section 402(0)(3) acts as a
fioor and restricts the extent to which water quality-based permit
limitations may be relaxed. Paragraph (0}3) 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.

5.8  TOXICITY REDUCTION EVALUATIONS

Where monitoring indicates unacceptable effluent toxicity, one
principal mechanism for bringing a discharger into compliance
with a water quality-based whole effluent toxicity requirement s a
toxicity reduction evaluation (TRE) [6]. The purpose of a TREisto
investigate the causes and to identify corrective actions for diffi-
cult effluent toxicity problems. The permitting authority may
require that the permittee conduct a TRE in those cases where the

discharger is unable to explain adequately and immediately cor-
rect exceedances of a whole effluent toxicity permit limit or
requirement.

A TRE is a site-specific study conducted in a stepwise process to
narrow the search for effective control measures for effluent toxic-
ity. TREs are designed to identify the causative agents of effluent
toxicity, isolate the sources of the toxicity, evaluate the effective-
ness of toxicity contro! options, and then confirm the reduction in
effluent toxicity. The ultimate objective of a TRE is for the dis-
charger to achieve the limits or permit requirements for effluent
toxicity contained in the permit and thereby attain the water
quality standards for receiving waters.

The requirement for a permittee to conduct a TRE may be written
into the special conditions section of a permit, which contains
whole effluent toxicity fimits. in some cases, the permit issuing
authority may also use other legally binding mechanisms, includ-
ing Section 308 letters, Administrative Orders, or Consent De-
crees, to require a TRE. .

5.8.1 IRE Buidance Documents

To assist permittees in conducting TREs and achieving compliance
with whole effluent toxicity limits, EPA has developed a series of
three guidance documents [6, 7, 8):

1) Generalized Methodology -for Conducting Industrial Toxicity
Reduction Evaluations (EPA/600/2-88/070)

2) Toxicity Reduction Evaluation Protocol for Municipal Wastewa- .
ter Treatment Plants (EPA/600/2-88/062)

3) Methods for Aquatic Toxicity Identification Evaluations:

Phase 1 Toxicity Characterization Procedures (EPA/600/3-
88/034)

Phase 2 Toxicity Identification Procedures (EPA/600/
3-83/035)

Phase 3 Toxicity Confirmation Procedures (EPA/600/
3.28/036).

These guidance documnents describe the methods and proce-
dures for conducting TREs and Toxicity Identification Evaluations
(TiEs). They are based on the results of EPA’s continuing efforts in
TRE methods research and case study applications. Separate TRE
guidance has been developed for industrial dischargers and mu-
nicipal wastewater treatment plants to better address the circum-
stances of each type of facility. Procedures for the characteriza-
tion, identification, and confirmation of the causative agents of
effiuent acute toxicity have been developed and are described in a
three-phased TIE methods manual. These TIE methods are appli-
cable to both industrial and municipal effluents and are an inte-
gral part of the protocols for TREs described in the industrial and
tunicipal TRE guidance documents. TIE methods using chronic
toxicity tests for identifying toxicants will soon be developed and
available in a draft guidance document.

5.8.2 Recommended Approach for Conducting TREs

To ensure the successful completion of a TRE, the guidance
documents recommend a systematic, stepwise approach that

114

19016



eliminates the possible causes or sources of toxicity until a solution
or control method is determined. The guidance documents
discourage “playing hunches” or implementing extensive control
measures solely on the basis of unsubstantiated conclusions (e.g.,
sefecting 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 a3 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 {CTE}) in order to
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Figure 5-10. Generalized 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 petiod 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
effiuent toxicity. An implementation schedule should also be
developed describing the timeframe for completion of the specific
components of the TRE plan by the required TRE completion
date. This schedule should be submitted for review in conjunc-
tion with the TRE plan. EPA recommends that the TRE schedule
should be set or approved by the regulatory agency. Approval
of the schedule and the completion date should not imply ap-
proval of the TRE plan itself or the procedures and methods
outlined in the plan. Instead, the TRE plan should only be,
reviewed and any comments provided to the permittee as needed.

To assist in this review, Box 5-3 provides evaluation criteria for TRE
plans. The permitting authority should review the TRE plan and
inform the discharger of any apparent shortcomings or potential
problems. The TRE should not be delayed pending completion of
the review of the plan. The specified completion date for the TRE

~ must still be met and the permittee should be expected to begin

steps to investigate and alleviate the effluent toxicity as soon as
possible following notification that a TRE is required. During the
course of the TRE, the regulatory agency should provide over-
sight, as time permits, to make the TRE as effective as possible.

Evaluation of Existing Site-specific Information

The next step involves the collection of any information and
analytical data relevant to the effluent toxicity. The permittee
should begin collecting and evaluating this information as soon as
possible following notification that a TRE is required.” In some
cases, this step may be conducted concurrently with accelerated
toxicity testing as part of the development of a TRE plan. For an
industrial discharger, this part of the evaluation.would include
information such as plant and process information, influent and
effluent physical and chemical monitoring data, effiuent toxicity
data, and material use. For a POTW, additional information, such
as industrial waste survey applications, local limits compliance
reporls, 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 potentlal
sources or treatment options.

Evaluation of Facility Operations and Maintenance
Practices

This part of the evaluation is performed in order to ascertain
whether the facility is consistently well operated and whether the
effluent toxicity is the result of periodic treatment plant upsets,
bypass, or some other operational deficiency that may be causing
or contributing to the effluent toxicity. This part of the TRE should
be initiated immediately after notification that a TRE is required.
Altematively, the permittee may begirt to conduct this step at the
same time that any accelerated toxicity testing is required. At
both municipal and industrial facilities, this step would involve the
evaluation of "housekeeping,” treatment system operation, and

chemicai use. In some cases, best management practices (BMPs)
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may be identified, which would improve operations and effluent
quality. However, the effectiveness of BMPs in reducing effluent

toxicity should be carefully confirmed, and it will usually be

necessary to test a number of samples and perhaps to conduct
Phase 1 of the TIE to develop this level of certainty. The results of
this evaluation may lead to preliminary strategies for source re-
duction and pollution prevention, including spill or leak preven-
tion, improvernents in material handling and disposal practices,
or substitution or re-use of a compound known to be highily toxic.

Toxicity identification Evaluation

TIE procedures are performed in three phases: characterization,
identification, and confirmation [7]. In each phase, aquatic or-
ganism toxicity tests are used to track toxicity at each step of the
procedure. In most cases, these are abbreviated or shortened
toxicity tests. in the toxicity characterization phase, the general

nature of the causative agents of effiuent toxicity or toxicants is
determined. This is done by conducting a battery of tests to
characterize the physical/chemical characteristics of the toxicity:
solubility, volatility, decomposability, complexibility, filterability,
and sorbability. This information can then be used to decide
which chemical analytical methods will to use in Phase 2 or it can
be used to design treatability studies.

The results of Phase 1 also may be used to provide additional
confirmation of the effectiveness of any BMP that was imple-
mented in the previous step of the TRE to reduce the effluent
toxicity. This would require conducting at least one Phase 1
analysis prior to implementation of the BMP (j.e,, any source
control method implemented as a result of the evaluation of
facility operation and maintenance). The results of this analysis
wouild then be compared with Phase 1 results from samples taken
after BMP implementation.

of the schedule?

TRE?

ties in a logical progression?

tions?
steps of the TRE?
components of the study plan?

variability?

the various components of the evaluation?

Box 5-3. Evaluation Criteria for TRE Plans

. Are the objectives or targets of the TRE stated clearly and accurately?
. Are the schedule and milestones for accomplishing the tasks described in the study plan?
. Are the final TRE report, progress reports, and meetings with the regulatory authority inciuded as part

. Are the approaches or methods to be used described to the extent possible prior to beginning the

. Has available EPA guidance been used in designing the TRE and developing the TRE plan (or if other
methods are proposed, are these sufficiently documented)?

. Does the TRE plan specify what results and data are to be included in the interim and finat reports?

. Does the TRE plan provide for arrangements for any inspections or visits to the facility or Iaboratory
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 resuits and proceed by narrowing down the possibili-

.. Does the plan provide for all test results to be analyzed and used to focus on the most effective
approach for any subsequent source investigations, treatability studies, and control method evalua-

. Are optimization of existing plant/treatment operations and spill control programs part of the initial
. Does the TRE plan allow a sufficient amount of time and appropriate level of effort for each of the

. Does the TIE use broad characterization steps and consider quantitative and qualitative effluent

. Is toxicity tracked with aquatic organism toxicity tests throughout the analyses?

. Is the cﬁoice of toxicity tests for the TRE logical and will correlations be conducted if the species used
are different from those used for routine biomonitoring?

. 1s the laboratory analytical capability and the expertise of the investigator broad enough to conduct
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in Phase 2 of the TIE, the resuits of Phase 1 are built upon, and the
TIE proceeds to chemical analyses designed to identify the specific
chemicals causing effluent toxicity. In Phase 3, the identified
toxicants are confirmed using a number of procedures, including
correlation of toxicity with chemical concentration, spiking ex-
periments, toxicity mass balance, and additional test species and
their symptoms.

The current version of the TIE methods uses acute toxicity tests to
characterize and identify the toxicants. In some cases, these
methods may aiso be used for TREs where the objective is to
reduce chronic toxicity. in order for these methods to be appli-
cable, however, there must be some measurable acute toxicity in
the effluent samples that are to be characterized in Phase 1 and
analyzed in Phase 2. I this approach is used, the appropriate
chronic toxicity test, as specified in the TRE objectives and permit
requirements, should then be used in the Phase 3 confirmation
procedures. This will confirm that the toxicant(s) identified using
acute tests in Phases 1 and 2, are indeed causing the whole
effluent chronic toxicity, which must be reduced.

It is possible to use the methods and procedures described in the
other components of the overall TRE with either acute or chronic
toxicity tests. The fact that the previous version of the EPA TIE
methods use acute toxicity tests should not be construed to mean
that TREs cannot be required or conducted for the reduction of
chronic toxicity, These methods provide additional tools to assist
permittees in the reduction of whole effluent chronic toxicity.
Phase 1 procedures that use chronic toxicity tests will soon be
available in draft EPA guidance. These TIE methods are applicable
to freshwater discharges to either saltwater or freshwater receiv-
ing waters. The use of these methods for saltwater receiving
waters may require their adaption for use with marine test species
or, preferably, an initial correlation of the recommended freshwa-
ter TIE test species to the marine species used for monitoring.

Source Investigation

Based on the results of the TIE, a decision is made on whether to
conduct treatability studies on the final effluent and/or conduct a
source investigation, A source investigation is most readily per-
formed when the specific toxicants have been identified and
influent samples can be analyzed for the presence of these com-
pounds or when potential source streams can be selected for
chemical analysis (based on the results of the initial data acquisi-
tion step). However, in some cases where the specific causative
agents of effluent toxicity have not been identified in the TIE, it
may be possible to conduct a source investigation by “treating”
_ influent samples in bench-scale models of the facility treatment
plant, measuring the toxicity of the treated sample and then
tracking this toxicity to its source.

Sourge investigations will lead to control methods, such as chemi-
cal substitution, process modification, treatment of process or
. influent streams (pretreatment), and possible efimination of the
process. For POTWs, source investigations may tead to the devel-
opment of locat 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 POTW. The implementa-
tion of source control methods can effectively reduce effluent
toxicity and also can avoid any cross-media transfer of pollutants

to air or sludge, which may occur as a result bf 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 effiuent toxicity
and may involve modifications or additions to the existing system.
Treatability studies generally use the same type of information on
the nature of the chemicals to be removed as is generated by
Phase 1 of the TIE. These treatability tests should be conducted
on a bench-scale initially and then a pilot scale prior to construc-
tion of additional treatment or substantial modification of the
existing -plant. - The use of these bench- and pilot-scale tests,
coupled with aquatic organism toxicity tests, should be used to
confirm the effectiveness of the treatment option. Confirmation
of the results of tréatability 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 this selection, the toxicity
control method is implemented or a compliance pian 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 impiemented and the continued
attainment of the TRE objective. This followup monitoring should
use the same species as were specified for routine toxicity testing
in the permit. The test endpoints of these toxicity tests should be
the same as those which were calculated by the water quality-
based permit limit derivation procedure used when the permit
was issued. Once the discharger has demonstrated the successful
completion of the TRE, the permitting agency should direct the
discharger to retum to the routine permit monitoring schedule.

5.8.3 Cicamstences Warrsating s TRE

it is the responsibility of the permitting authority to determine if
the permit limits and/or the State water quality criteria have been
threatened or violated and to notify the permittee if a TRE is
required. it is appropriate for the permitting authority to require
additional toxicity testing following the initial exceedance or vio-
lation. This additional testing may precede notification that a TRE
will be required or it may be considered as the initial part of the
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TRE and be conducted simultaneously with TRE plan develop-
ment and the evaluation of other existing site-specific informa-
tion.

It is important to recognize that the purpose of this additional
toxicity testing is to determine the continued presence or absence
of effluent toxicity and the magnitude of that toxicity. This
inforrnation can then be used to determine the continued compli-
ance or noncormnpliance with the limit or permit conditions for
effiuent toxicity. These tests do not serve to verify or confirn the
initial test rasults from an earlier sample. Instead, the permit
authority shall use the results of these tests to determine if a TRE or
some other action is the appropriate response to the initial occur-
rence of toxicity.

i 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 Toxics
Control (January 19, 1989, Appendix B-4) states that, “Each
exceedance of a directly enforceable whole effluent toxicity limit
is of concern to the regulatory agency and therefore qualifies as
meeting the VRAC {violation review action criterion] requiring
professional review.” Accelerated monitoring should only be
used to assist in this professional review to determine what, if any,
enforcement response is necessary, including the need for the
permittee to conduct a TRE. It will be necessary for the Region or
State regulatory authority to determine this on a case-by-case
basis. This must be done in a manner consistent with the priori-
ties established in their respective 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. Asa
practical approach for determining i a TRE is an appropriate
response, EPA recommends If toxicity is repeatedly or periodi-
cally present at levels above the effluent Himits 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 (QA/QC) is necessary or desirable. The
submittal of QC fact sheets for self-biomonitoring {e.g., Appendix
B8-2) should always be recommended to avoid QA/QC problems.

if the test results indicate that toxicity is not consistently or
repeatedly present in the test series, previous discharge monitor-
ing reports {DMRs) should be examined to ascertain if a recurrent
problem exists. If the problem is recurrent, a TRE should be
required, and the TRE plan should explain how the design of the

evaluation will address this ueriodic or recurrent efffluent toxicity
problem. In these cases, mare elaborate sampling design and
influent or process stream monitoring may be needed. it should
be expected that TRES conducted under these circumstances will
probably require a more fiexible schedule and perhaps additional

- time before the required completion date.

if the accelerated testing and previous DMRs show the continued
absence of effluent toxicity, then the initial exceedance would be
considered an episodic event and a TRE should not be required. A
TRE is not an appropriate response to a single, episodic effluent
toxicity event (e.g., & spill or a plant upset). By condicting .
accelerated testing following a violation or exceedance of a per-
mit condition, unnecessary TREs can be avoided. Similarly, con-
ducting accelerated testing as part of the initial steps of a TRE will
allow for.the TRE to be ended in its very early stages if the toxicity
is immediately controlled or determined to be episodic or nonre-
currént. By following the TRE guidance and incorporating accel-
erated testing into the TRE, unnecessary analyses and expense can
be avoided.

It also is important to note that for the practical purposes of
conducting a TRE (as opposed to the purpose of determining if a
TRE should be required or not), the magnitude of the effluent
toxicity needed to conduct a TRE may be less than the magnitude
or level set as the permit limit or permit monitoring condition.
This is because i the limit or monitoring condition is water
quality-based then some amount of dilution will usually be incor-
porated in determining the unacceptabie level of effluent toxicity.
In some cases, it may be possible for the TRE procedures to be
carried out even i the toxicity does not actually exceed this
permitted level. This will be the case as long as the effluent
toxicity is periodically or consistently present in measurable
amounts in samples of 100-percent effluent.

It aiso is reasonable for a discharger to initiate a TRE prior to the
establishment of a permnit limit for toxicity if unacceptable levels of
toxicity are found in the effluent through routine monitoring or
through inspection and compliance sampling by the regulatary
authority, Under these circumstances the regulatory authority
will need to identify what constitutes unacceptabile levels of toxic-
ity since this will not be defined by a permit limit (see Chapter 3
on determining the reasonable potential for excursions of water
quality standards). It also is not unreasonable for the discharger
to voluntarily initiate a TRE under these circumstances.

5.8.4 Mechanisms for Requiring TRES *

There are a number of mechanisms that can be used to require a
TRE. In most cases, the TRE should be required by a Section 308
letter or by an enforcement action, such as a Section 309 Admin-
istrative Order or a Consent Decree, The permittee should receive
notification from the permit authority of what response is re-
quired. This enables the permit authority to assess whether a TRE
Is the appropriate action to pursue. f effluent toxicity reappears
following the successful completion of a TRE, then the permit
authority should be able to review this type of situation to deter-
mine if an additional TRE is appropriate or if some other action is
required. In general, when the permit is issued with whole
effluent toxicity limits in Part 1 of the permit, TRE requirements
should be used where necessary to bring the permittee into
compliance with those limits. Box 5-4 provides example lan-
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guage for effluent toxicity limits, developed as part of the Whole
Effluent Toxicity Basic Permitting Principles and Enforcement Strat-
eqy (Appendix B-4).

Box 5-5 presents sample language for use in requiring TREs by a
Section 308 letter or a Section 309 Order. This sample language,
especially the reporting dates, should be tailored to fit the specific
permittee. The completion date should be specified on a case-by-
case basis. Factors to consider in setting this completion date
include the type of facility, the variability of the effiuent, and the
previous compliance history, In order to conduct a TRE, reason-

able timeframes are 6 to 18 months for an industriat discharger
and 12 to 24 months for a municipal wastewater treatment plant.
For POTWSs, it may take longer to conduct a TRE due to lengthy
govemment contracting procedures, large sewer.collection sys-
tems, and less influent constituent control. It should be recoy-
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 Efftuent 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 foliowing outfali{s): 001.

b

!

E Effluent Characteristic Discharge Limit Concentration Monitoring Requirement
! Reporting Daily Monthly Measurement  Sample ‘
1 Code/Units Parameter Maximum Average Frequency Type '
i —Tu, Toxicity 10.0 5.0 xf month composite

i

The permittee shall use the toxicity testing and data assessment procedures described in Part 3.B of this
permit.

Box 5-5. Example Language for Requiring Toxlclty 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 dlscharger shall initiate
corrective actions according to the following schedule:

Jask Deadiine

1.  Take all reasonable measures necessary to Within 24 hours
reduce toxicity immediately.

2. Submit a plan and schedule to attain continued Within 30 days
compliance with the effluent toxicity-based permit
limits in Part LA, where source of toxicity is known,
if immediate compliance is not attained.

3. Submit a TRE study plan detailing the toxicity Within 45 days

eduction procedures to be employed where source is
unknown and toxicity cannot be immediately controlled
through operational changes, EPA's Toxicity Reduction
Procedures, Phases 1, 2, and 3 (EPA-600/3-88/034, 035,
and 036) and TRE protocof for POTWs (EPA-600/2-88/062)
shall be the basis for this plan and schedule.
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Box 5-5. Example Language for Requiring Toxicity Reduction

Evaluations (continued)
Initiate TRE plan. Within 45 days
Comply with approved TRE schedule. Immediately upon approval
Submit results of the TRE, including summary of Per approved schedule

findings, corrective actions required, and data generated.

implement TRE controls as described in the final report. On due date of final report
_ per approved schedule
Complete TRE implementation to meet permit kimits Per approved schedule, but
and conditions. in no case later than XX
months from initial noncom-
pliance.
120
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6. COMPLIANCE MONITORING AND ENFORCEMENT

6.1 INTRODUCTION

‘ Orice a water quality-based permit contain-
ing limitations and conditions to control effluent quality is issued,
the permittee is responsible for attaining, monitoring, and main-
taining compliance with the requirements of that National Pollut-
ant Discharge Elimination System (NPDES) permit. Failure to

comply with any requirements stated in the permit is a violation

of the Clean Water Act (CWA).

The Environmental Protection Agency (EPA) and authorized State
agencies are responsible for tracking compliance with and enforc-
ing NPDES permit requirements in the enforcement of the CWA.
Section 308 of the CWA and equivalent State statutes enable the
regulatory agency to verify compliance with permit conditions
(including water quality-based toxics limitations and compliance
schedules) by authorizing the agency to impose on permittees
requirements for sampling and analysis, record-keeping, and re-
porting. Section 308 also authorizes access by EPA or State
agencies to facilities and records for verifying compliance with
permit conditions, All records assoclated with monitoring must
be maintained by the facility and available for a 3-year inspection
period in conformance with 40 CFR Part 122,41,

The CWA establishes the authority to enforce water quality-based

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.

* since most of the routine information gathered in compiiance

permit conditions. The ability to enforce water quality-based -

permit conditions, however, relies on well-written, clearly stated
permits. The enforcement official must be familiar with the
process by which permit requirements wete 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 feporting requirements, Permits should prescribe the
self-monitoring procedures, frequency of analysis, sampling foca-
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 poliutants with
no approved methods or where the approved method is inappro-
priate for a particular permit limitation. Permits should define any
effluent limitations and explain specific procedures for calculating
averages of data if different from arithmetic averaging, Permits
should identify what information must be retained by the permit-
tee, and what data must be submitted to EPA or the State. Results
from self-monitoring required by the permit are reported on

monitoring results from permittee seff-monitoring, quality assur-
ance (QA) is as important as compliance with limits. It is essential
that permittees develop and adhere to a QA plan consistent with
the required monitoring and analyses. The permittee is responsible
for maintaining data to demonstrate compliance with QA proce-
dures established in the test methodology or as specified in the
permit.

The regulatory agency generally has three ways of determining
compliance with an NPDES permit and assuring adequate QA:
self-monitoring reports, DMR/QA resuits, and inspections. Each
of these methods is discussed below.

8.3.1 Seif-monlioring Reports

Seff-monitoring reports provide much of the compliance data
used by the regulatory authority in the review of permittee com-
pliance. These reports include DMRs and reports of progress on
compliance schedules. DMRs contain information on the sam-
pling method, frequency and location, and analytical results of
permittee seff-monitoring. These data and data from progress
reports on major schedule milestones must be entered into the
Permit Compliance System (PCS), a computerized data base, by
the State or EPA [1). When the required data are entered into the
system, PCS will automatically “flag” violations of permit limitations,
compliance schedufes, and reporting requirements.

In order to detect any problems with the quality of the sample

analysis, it is often desirable to obtain QA information with the
self-monitoring data. For this reason, several States and Regions
have developed additional QA forms to accompany permittee
seff-monitoring reports. This additional information may be re-
quired through the permit or through a Section 308 order. The
QA data are compared to a reference QA data sheet that can be
completed by the regulatory authority to indicate acceptable
ranges of values for the required protocol. Appendix B-5 provides
an example of a reference QA data sheet for a whole effluent
toxicity test. Once completed, this QA data sheet can be included
in the compliance file for quick reference by compliance personnel.

it is important to note that poor QA is a violation if the permit
explicitly specifies adequate QA or references an acceptable pro-
tocol with corresponding QA procedures. it also is important to
note that the signatory’s certification. of effluent data certifies

Preceding page blank
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compliance with the specified proiocols. ' Any pMs with QA
should be reported at the time of DMR submission and the testing
repeated. : - wet ‘

6.4 VIOLATION REVIEW

6.3.2 Discharge Monitoring Repert/Quality Asswrasce

The DMR/QA program evaluates a permittee’s ability to analyze
and report accurate data. This program is intended to improve
overall laboratory analytical performance for self-monitoring data.
Authority for requiring participation is granted in CWA Section
308. In the DMR/QA program, permittees are required to analyze
“hiind” samples with constituents and concentrations that can be
found in their industriai or municipal wastewaters. The permit-
tees’ results are compared to the known content of the sample,
and an evaluation of the reported data is sent to the permittees.

Permittees are expected to use the same personnel and methods -

employed for reporting NPDES data to analyze the samples.
Permittees are required to follow the instructions for reporting
results and include a signed certification statement in accordance
with 40 CFR 122,22,

Regulatory agencies tonduct followup investigations to address
poor or incomplete DMR/QA results, failure to participate, or late
submittal of DMR/QA results. DMR/QA performance results are
compited annually. .

in the past, only chemical-specific analyses were tested in the
DMR/Qa program. The Environmental Monitoring and Support
Laboratory (EMSL} in Cincinnati has developed a reference toxicant
DMR/QA sample for permittees with whole effluent toxicity
monitoring requirements. National implementation is occurring
in 1991,

§.3.3 Inspections ‘

Inspections are conducted by the regulatory authority or its con-
tractors to address specific violations or problems and to verify
. permittee compliance with permit conditions and QA procedures.

inspections may include reviewing records, inspecting treatment .

facilities, assessing progress with compliance schedules, evaluating
laboratory facilities and performance, and collecting samples for
analysis or “splitting” samples taken by the permittee for concur-
rent analyses. EPA has defined several types of inspections based
on the tasks that are included in the NPDES Compliance Inspection
Manual{2], Bacause reguiatory autherities are expected to inspect
all major permittees annually regardiess of compliance status,
nonsampling inspections (which are generally less resource.in-
tensive) are encouraged for routine evaluation of permittee per-
formance. However, sampling inspections are still encouraged to
address permitting and enforcement priorities. Far that reason,
the regulatory agency must have the full capability to assess
effiuent compliance through inhouse resources or contract support.

Inspections that focus on toxics control can provide useful infor-
mation for water quality assessment and permit réissuance in
addition to compliance data. Procedures for inspecting facllities
with toxicity testing requirements and measuring effluent toxicity
are detailed in the NPDES Compliance Inspection Manual, Chapter
7{2). '

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 sacond-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
the enforcement decision process.

When the initial review of effluent monitoring data indicates that
unacceptable analytical methods were used by a permittee or its
contract laboratory, the results should be assigned for review by
personnel qualified to determine the significance of the results. If
the monitaring 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 2 compliance review (e.g., to
determine if results of acceptable quality were submitted on
time), and an action review (e.g., to determine if the permit
should be modified or re-issued to inciude a limitation). This
second review should be assigned to personnel whao are qualified
to make this regulatory decision.

-In addition to the guidelines for reviewing monitoring data in the

absence of a specific effluent limitation, EPA also has recommended
a criterion for determining which effluent violations must be as- -
signed 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 criteria are known
as the Violation Review Action Criteria and are listed in the EMS.

in the case of a whole effluent toxicity limitation, any viclation
must be reviewed by a qualified professional responsible for the
enforcement decision. EPA makes this recommendation to ensure
that adequate attention is given to QA and to ensure that additional
testing is required if permitted testing frequency is less than once
per month. ‘

in the case of a violation of a chemical-specific permit limitation,
EPA recommends that monthly average limitation viglations be

-reviewed by a professional for potential enfarcement response

whenever two or more violations occurina  6-month period.
Seven-day average and daily maximum violations should likewise
be reviewed if a minimum of two or four, respectively, occur
during the course of 1 month. Although there is no delineation
between technology-based versus water quality-based limitations
in these Violation Review Action Criteria, Regions and States may
wish to adopt a criteria of “any violation” for all water quality-
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based, chemical-specific limitations as these criteria are solely to
determine the leve! of review and do not prescribe enforcement
action,

6.5 ENFORCEMENT
. 1

Etfective enforcement of toxic controls depends upon clearly
expressed requirements in NPDES permits. These controls are
generally in the form of numeric limits on specific toxic chemicals
or whole effluent toxicity and schedules to initiate construction or
other compliance measures.

Exceeding a permit limitation is a violation subject to enforce-
ment. Some members of the regulated community have expressed
concerns that single violations of stringent water quality-based
limitations will result in unreasonable enforcement actions. EPA’s
guidance outlines a systematic review of all violations to determine
the appropriate level of response. This guidance generally suggests
an informal response for minor or infrequent violations, escalating
to formal enforcement and perhaps penalties for more frequent
and environmentally hammful violations.

In evaluating appropriate response to violations, EPA’s “Enforce-
ment Response Guide” of the EMS shouid 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 B-
4). This strategy expects that all available avenues to compliance
will be explored by the permittee, that the treatment facility is

designed, constructed, maintained, and operated to achieve all

water quality-based, chemical-specific or best available technology/
" 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 (POTWS),

pretreatment program requirements and local limits have been

established and enforced. The strategy further expects that the
permittee will pursue a Toxicity Reduction Evaluation (TRE) as
discussed in Chapter 5 in compliance with enforcement require-
ments or under its own initiative. If all of these expectations have
been met and the facility is unsuccessful in identifying the cause,
source, or treatability of toxicity despite making good-faith efforts

to do so, the strategy allows for relief from civil penalties. The'

underlying responsibility to achieve compliance with the permit
limitation remains in effect.

Some members of the regulated community have requested EPA
and several State agencies to define more clearly enforcement
discretion with respect to violations of whole effluent toxicity
limitations. To define enforcement discretion would in effect
make it no longer discretionary. Furthermore, the purpose of
such guidance would be questionable as individual enforcement
responses by EPA and the States are open to review by the public
and the courts. In lieu of such additional guidance on enforce-
ment discretion, it is recommended that Regions and States
adhere to the principles presented in the EMS, the strategy, and in
this document.

EPA also has developed a policy [5] on the assessment of appro-
priate civil penalties in both administrative and civil judicial ac-
tions in responseé to any CWA violation, This policy bases the
penalty amount on the seriousness of the viclation, 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 viclation 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 petiod of noncompliance,
and if the noncompliance has not been corrected, the anticipated
time when compliance will be achieved.

As with other NPDES permit limitation violations, violation of a
water quality-based 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 resoived

quickly.

When a water quality-based toxicity fimit 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., POTW enforcement of pretreatment requirements,
or chemical substitution by industries), requiring a TRE as discussed
in Chapter 5 may be appropriate. Where toxicity-based limitations
are in effect, the enforcement response must require expeditious
compliance with the limit.

Available enforcement mechanisms include Section 308 orders,
Section 309 Administrative Orders, Administrative Penalty Orders
with Administrative Orders, or judicial action. Enforcement action
must be tailored to the specific violation and type of remedial
action required. Enforcement actions must be worded carefully
so that et:ey clearly are understood, easily tracked, and expeditiousty

Violating limitations of poliutants 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 foute, and whether or not the poHutant exhibits a
threshold response in determining if a schedule may be allowed.
immediate injunctive relief (such as a temporary restraining order
or preliminary injunction) should be sought when necessary to
protect public water supplies and fish and shellfish areas from
imminent or substantial impairment.

125

19027



6.6 REPORTING OF VIOLATIONS

The regulatory authority is responsible for reporting to the public
on permittees in viglation. Reporting requirernents 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 monitaring, 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 foliows {6]:

e 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 guality problem (40 CFR
123.45(@)()HMA)). -

s 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 jimit by a

factor of 1.2 for a Group | parameter or 1.4 for a Group Il
parameter as defined in the Regulation, or if four or more
monthly average measurements in a 6-month period ex-
ceed the limit by any amount (40 CFR 123.45(a)(2)(iiXC)).
Any violation during the quarter of an interim monthly
average chemical-specific toxic limit established in an ad-
ministrative order or court order/consent decree must be
reported on the QNCR (40 CFR 123.45(a)(2)(ii)(A)). (Note:
Whole effluent toxicity is not characterized as a Group | or
Group Il parameter, and as such, must be evaluated on a
professional judgement basis under 40 CFR
123.45(X2)Gi(AX1).)

Compliance schedule milestones that are not met \;vithin 90
days of the scheduled date must be reported on the QNCR
(40 CFR123.45(a)(2)(ii)B)).

Failure to submit a report within 30 days of the due date
must be reported on the QNCR (40 CFR 123.45(@)(2)Gi)XD)).
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7. CASE EXAMPLES

INTRODUCTION

This chapter presents examples of the development of water
quality-based discharge limits to illustrate the integration of the
' guidance of the previous chapters. There are three examples: an
industrial discharge with ample dilution, a publicly owned treat-
ment works (POTW) with moderate dilution, and the combina-
tion of an industria! facility and a POTW discharge to the same
reach.

7.1

7.2 CASE1: INDUSTRIAL DISCHARGE

The first example is the Jaybird Corporation, a metal finishing
firm. The NPDES permit for the facility is about to expire, and the
corporation has submitted an application for a new permit. The
example shows the steps that a permitting authority would take
to determine if a water quality-based effluent fimit is necessary
and then to establish such a limit. The example also illustrates
when best available technology (BAT) limits are applied instead of
water quality-based limits, the use of human health criteria, and
the variations in the limits derived by different wasteload alloca-
tion methods.

7.2.1 GRenaral Site Descrintion and Information

The Jaybird Corporation facility discharges into the Locapunct
River. The river is approximately 60 miles long and its banks are
occupied by small towns separated by woodland and farmland.
The river is classified by the State in the water guality 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 copper and nickel. These pollut-
ants have been found in measurable quantities in the effluents of
several facilities.

The |aybird Corporation is a metal finishing facility that specializes
in copper plating of lead shells for a nearby military instailation.
As a metal finisher, the Jaybird Corporation is relatively small with
a discharge of 0.034 cfs (0.022 mgd). The effluent at the Jaybird
Corporation is treated by precipitation and settles before dis-
charge through a multiport diffuser. The corporation is subject to
BAT and best practicable technology (BPT) effluent limits for the
metal finishing industry.

7.2.2 Effivent Characterization for Specilic Chemicals

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 effluent characterization process for specific chemicals de-
scribed in Chapter 3 in this evaluation. In general, the procedures
are designed to determine which pollutants are of concern and
which require effluent limits.

Step 1: Identify Poliutants of Concern

Data were obtained from a humber of sources to identify and

quantify the pollutants of concem in the laybird Corporation
effiuent:

« Effiuent chemical concentrations were taken from the Per-
mit Application Form 2C, Discharge Monitoring Reports
(DMRs), EPA’s Permit Compliance Systern (PCS), and per-
mit files.

s EPA’s STORET data base was used to obtain U.5. Geological
Survey flow data and ambient monitoring data for the river.

e BAT limits for the metal finishing industry were obtained
from 40 CFR 433 Subpart A.

The permitting authority noticed in review of these data that the
information in Form 2C replicated the information in the DMRs,
and therefore decided to use the DMR data as the primary basis
for characterizing the effluent. These data for toxicants DMRs are
shown in Table 7-1, For those parameters currently not covered
by the permit, Form 2C data indicated that pollutant concentra-
tions were below detection limits. The permitting authority re-
quested information from the facility showing the detection levels

used; these levels were consistent with the detection levels listed
in the National Pollutant Discharge Ehmmatlon System (NPDES)
regulations at 40 CFR 136,

The effluent from the jaybird Corporation is regulated by the
Metal Finishing Point Source Category effiuent guidefines at 40
CFR 433 Subpart A. These guidelines regulate the following toxic
pollutants: cadmium, chromium, copper, cyanide, lead, nicket,
siver, zinc, and total toxic organics.

Aithough 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 ¢ontinuous concentration [CCC)), and protection of
human heaith (reference ambient concentration [RAC]). The
water quality standards present the CMC and CCC criteria as
equations based on ambient hardness concentrations. The stan-
dards require that the 85th percentile lowest hardness be used.
This value is 100 ma/l as CaCO3 for the Locapunct River.

Preceding page blank
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Table 7-1. Effiuent Data for the Jaybird Corporation

Copper Lead Nickel Toxicity

n rg/l ug/l pug/t TU,
1 1,317 187 223 5
2 1,092 230 261 10
3 1,073 258 464 5
4 1,059 423 if 20
5 1,072 227 - 369

6 1,677 ., 275 1,058

7 2,664 364 199

8 1,058 170 259

9 3,439 259 437

10 6,596 264 773

1 1,211 267 300

12 1,082 175 356

Mean | 1,945 258 420 10
sD 1,650 74 252 7.1
v 0.8 0.3 0.6 0.7
Max 6,596 423 1,058 20
Min 1,058 170 199 5
N 12 iz 12 4

Source: DMR data for chemicals; 308 request for whole effluent toxicity.

Notes:
Metals reported as total recoverable metals; toxicity reported in chronic toxic
units (100/NQEC).
The permittee did not use a2 geometric dilution series for the toxicity tests. The
resuits are the highest toxic units for any of the test organisms used.

The aquatic toxicity criteria for metals in the standards are ex-
pressed as the acid soluble form of the metal. The State has
adopted a ratio to express the acid soluble form of metals as the
total recoverable form for the purposes of developing NPDES
permit limits. This ratio is based on historical data that the State
has collected for rivers in the basin where the Locapunct lies. The

values of the ratio are 0.35 for lead, 0.70 for copper, and 0.85 for.

nickel, The standards consider the criteria for human health
protection to be in the total recoverable form of the metal.

Based on the hardness and acid soluble-to-total recoverable ra-
tios, the applicable state water quality criteria are the following:

cCcC cMC RAC
Poliutant (ug/l) (sa/D walh
Lead 2.1 235 50
"‘Copper 171 25.7 NA
Nickel 188 1,647 134

Step 3: Determine Dilution for Aquatic Life and Human Health
Impacts

The State water quality standards require that compliance with
water quality criteria be achieved at the edge of the mixing zone.

The standards specify the minimum dilution at which the criteria -

apply. These are the 7Q10 flow for the CCC, the 1Q10 flow for
the CMC, and the harmonic mean flow for human health criteria
(RAC). The U.S. Geological Survey operates a gaging station on

the river; the flow statistics were calculated using the data from

this station:

« Harmonic mean flow = 38.0 cfs

s 7Q10flow=13.0cls

e Q10 low = 10.7 cfs,
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:

C=(CemQe +CsQ)/(Qe+ QY

where
C = the receiving water concentration

Cemn=the maximum effiuent concentration
Qe = the effluent flow
€, = the receiving water background concentration

Q; = the appropriate receiving water flow.

Step 4 Determine Reasonable Potential for Excursions

To determine if the facility discharge was expected to cause or
have the reasonable potential to cause the CMC, CCC, or RAC to
be exceeded in the receiving water, the maximum receiving
water concentration of each pollutant was first compared to the
appropriate receiving water criterion. If the criteria were ex-
ceeded, then this was considered evidence that a water quality-

 based limitation must be developed.

Maximum - expected concentrations were calculated using the
average effluent flow, maximum effluent concentrations, back-
ground receiving water concentrations, and the relevant receiv-
ing water flow: the 1Q10 for the CMC, the 7Q10 for the CCC, or
the harmoric mean for the RAC. The background receiving water
concentrations for total recoverable metals were obtained from
STORET data:

Lead 1.6 ug/l
Copper 4.8 g/l
Nickel 13.2 ug

The maximum effluent concentration was estimated using the
statistical approach in Chapter 3. There were 12 concentrations of
each metal report=:: in the DMRs. For lead, these concentrations
had a maximum vaiue of 423 pg/l, an arithmetic mean of 258 pg/
I, an arithmetic standard deviation of 74, and an arithmetic
coefficient of variation of 74/258, or 0.3. This coefficient of
variation and the number of observations determinec hich mul-
tiplier was selected from Table 3.%. In this case, the multiplier
value for 12 observations and a CV of 0.3 was interpolated 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 recelving water concentration for lead for comparison with
the CCC was calculated using data from Table 7-1:

C = 4 + |
0.034 cfs + 13 cfs)
= 35 llgf \
where
13cfs = the receiving water flow at 7Q10
0.034 cfs = the mean effluent flow
423 ugft = the maximum effluent concentration
1.7 = the statistical effluent multiplier to estimate the
99th percentile concentration
16ug/ =

the background receiving water concentration.

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 effiuent data presented in Table 7-1, the receiving water
concentration is compared to the CMC as:

C= [(1.7x4 1 + (1. x10.1

(0.034 cfs + 10.1 cfs)
= 4.0 ugA

where 10.1 is the receiving water 1Q10 flow and the other values
are identical to those for the CCC comparison. The resulting
concentration of 4.0 ug/! was less than the acute standard of 234
ug/l for lead. There is no reasonable potential for the CMC to be
exceeded. :

For human health criterion evaluation, the receiving water con-
centration for compared to the RAC was calculated as:

C= [(1.7x423 ng/ix 0,034 cf) + (1.6 ug/t x 38 cfs})]
{0.034 cfs + 38 cfs)
= 2.2 pgh

where 38 cfs is the harmonic mean flow and other values are the
same as above. This value was less than the hurnan heath criteria
value of 50 pa/t for lead, so there is no reasonable potential for the
RAC to be exceeded.

Simifar calculations were done for copper and nickel:

Criterion Receiving Water
{na/l Concentration (ug/l)

Copper

CCC 171 220

oM 25.7 269

Nickel

CcCC 188 15.9

mC 1,647 16.6

RAC 13.4 14

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 poliut-
ants.

7.2.3 Effivent Characterization for Whole Effiuent Toxicily

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 7Q10, dilution = (0.034 cfs + 13 cfs)/0.034 cfs
=383

At the 1Q10, dilution = (0.034 ofs + 10.1 cfs)/0.034 cfs
= 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 couid be
measured. One year before the permit was due to expire, the
permitting authority requested, under the authority of the Clean
Water Act (CWA) Section 308, that the permittee test his effluent
for toxicity to provide effluent information in order to write the
next NPDES permit. In this case, the permitting authority speci-
fied that the discharger submit quarterly chronic toxicity data for
1 year using the EPA toxicity tests for Selenastrum, Ceriodaphnia,
and Pimephales. The permitting authority also specified that up-
strearn ambient water be used as the diluent in the tests so as to
allow the tests to measure additive effects from ambient toxics. In
response 1o the Section 308 request, the discharger submitted
the whole effiuent toxicity data shown in Table 7-1.

Step 3: Determine Reasonable Potentiat 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 1.0 TU, be used as numeric values for acute
and chronic toxicity, respectively. In accordance with the State
standards, the CMC applies under the 1Q10 flow and the CCC
applies under the 7Q10 flow.

The determination of exceedance of the CMC or the CCC v\;ras '
simplitied 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. Based
on the guidance of Box 3-4, these are insufficient to determine
the CV accurately; therefore, the default CV of 0.6 was used. The
effluent multiplier of 4.7 was obtained from Table 3-1 using the
number of observations, the CV, and the 99-percent probability
basis.

The receiving water cancentration 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 cfs)
= 0.25TY,
where
13cfs = the receiving water flow at 7Q10
0.034 cfs = the mean effluent flow
4.7 = the statistical effluent multiplier
20Ty, = the maximum effluent concentration.

The value of the calculated receiving water concentration, 0.25
TUk, was less than the chronic water quality standard of 1.0 TU,,
and therefore there is no reasonable potential for the CCC to be
exceeded.

To calculate the receiving water concentration for acute toxicity,
the permitting 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. / 5 ACR x 0.034 cfs) + (0 TU, x 10.1 ofs)]
(0.034 cfs + 10.1 cfs)
= 0.06 TU;

where 70.7 cfs is the receiving water flow at 1Q10, 5 is the acute
to chronic ratio, and the other values are the same-as above. The
calculated value of 0.06 TU, is below the criterion of 0.3 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 whote effluent toxicity.

7.2.4 Detormine Wasteload Allocations |

The wasteload ailocation (WLA) was used to determine the leve!
of effluent concentration that would comply with water quality
standards in the receiving waters. A WLA will only be determined
for those parameters that have a reasonable potential to cause
exceedances of water quality standards. Therefore, WLAs were
determined for copper and nickel. Since there was no reasonahle

potential for excursions above the CMC or CCC for nickel, oniy
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
WILAs were caiculated using the 7Q10 flow, acute WLAs were
caiculated using the 1Q10 flow, and human health WLAs were
calculated using the harmonic mean flow. Since the effluent
was mixed rapidly by the multiport diffuser, the compiete mix
equation was used: '

WLA = fWQC x (Qe + Qg - QsCel/Qe

where :
Q. = theeffluent low
Q; = the receiving water flow
C; = the background receiving water concentration
WQC = the water quality criterion.

The chronic and acute WLA for copper were calculated at the
7Q10 and 1Q10 flows, respectively:

WLA = [17.7 pg/i % (0.034 ofs + 13 ¢fs) - 13 cfs
4.8 g/} / 0.034 cfs

= 4,720 pg/l

WLA, = [25.7 po/l x (0.034 cfs + 10.1 cfs) - 10.1 cfs x
4.8 ug/) / 0.034 cfs

= 6,234 pgfi.

The human health WLA for nickel was calculated at the harmonic
mean flow:

WA,

[13.4 pg/l x (0.034 cfs + 38 cfs) - 38 cfs x
13.2 pg/l / 0.034 cfs

237 gl

7.2.5 Deveiop Permit Limits

Permit limits were developed using a steady-state, two-value WLA
model as described in Box 5-2, Chapter 5. Values for constants
were obtained from Yable 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:

LTA. = WA xexp(0.562-746]
4,720 pg/) x 0.440

2,077 po/l

where values of exp [ 0.5 % - z oo ] are presented 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 occurrence
probability was used,

The acute LTA for copper was calculated, again using the 99th
percentile occurrence probability values from Table 5-1 as the
multiplier:

LTA, = 6,234 ug/l x 0.249
- = 1,552 ug/l.

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 s 4.4), The LTAis
calculated as:

LTA, = WLA,
237 pg/l. -

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 pg/t) and the limiting LTA for nickel was
found to be the human health LTA (237 pg/l).

Step 3: Calculate Maximum Dally and Average Monthly Limits

The maximum daily limit (MDL) for copper was calculated using
the expression:

MDL LTAxexp{zo-0.509]
1.552 ug/t x 4.01

6,224 pg/i

where the appropriate vaiue for exp [ 2 6 - 0.5 a2] was taken from
Table 5-2 using the row with the CV for copper (0.8) and the
column for the 99th percentile probahility basis.

The average monthly limit (AML) for copper was calculated using
the expression:

AML LTA x exp [ 2 6 - 0.5002]
1,552 19/ x 1.75

2,716 paft

where the value for exp [ z o, - 0.5 6,2] was taken from Table 5-
2 and, for this case, the number of samples per month was four,
Following the recornmendations in Section 5.5.4, the z value for
the 95th percentile probability basis was used,

The effiuent fimits for nickel were determined by using the recom-
mendations in Section 5.4.4, Chapter 5. The AML was considered
to be identical to the WLA;, whereas the MDL was calculated from
the AML by using the appropriate multiplier factor in Table 5-3.

With a CV of 0.6, four samples per month for sampling, and a
99th percentile used for the MDL, the factor is 1.64:

MDL = AMLx1.64
= 237)igMix1.64
= 389 ug/l.

?.2.' mamhwmsmm

The NPDES reguiauons requlre that effluent limits require treat-
ment characterlsuc of the appropriate treatment technology and
aiso achieve water quality standlards. If water quality-based limits
are more stringent than BAT limits, then the water quality-based
limits becorne the basis for the effluent limits. Conversely, if the
treatment technology (BAT) limits are more stringent, then they
become the basis of the limits.

The comparisoﬁ between the water quality-based and technol-

effluent limits are shown below. The more stringent
limits are different for different poliutants: for nickel, water qual-
ity-based limits are more stringent whereas for copper, the BAT
timits are t.he more stringent.

Copper Nicke}

Water quality  MDi, 6,224 389
AML 2,76 237

BAT MDL 3,380 3,980
AML 2,070 2,380

Umittouse - MDL 3,380 389
AML 2,070 237

in accordance with NPDES regulations, the effluent limits were
expressed in the permit as mass (pounds per day) by multiplying
the concentrations above by the effluent flow of 0.034 cfs and the
conversion factor of 5.394:

Copper l Nickel

(b/d) (Ib/d)

MDL 0.62 0.07
0.38 0.043

787 mmmmm
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 reqmred 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: '

C = (QeCe + QC/(Qe + Q)

where C is the receiving water concentration (in ug/l); Cq and G
are the effluent concentration and the background concentration
of the receiving water, respectively (in ng/l); and Q, and Qg and
effluent and receiving water fiows, respectively (in cfs). Effluent
flows were heid constant at the mean effluent flow, and river
flows were read from a comnputer file containing 60 years of daily
flow data provided by the U.S. Geological Survey. The effluent
concentrations were characterized by a lognormally distributed
random variate, The random variate had a coefficient of variation
that matched the CV of the pollutant in the effluent.

The Monte Carlo simulation was run using 22,276 iteérations. -

Once 22,276 receiving water concentrations had been calcu-
lated, receiving water concentrations were sorted, highest first.
The 20th value (comresponding to the maximum concentration
expected for 1 day in 3 years) was compared with the appropriate
criterion. The 1-day in 3-year return frequency is recommencded
by EPA for criteria (see Chapter 2). If this value was higher than
the criterion, the effluent LTA was reduced, and a new set of
22,276 numbers was generated, When the receiving water con-
centration of the 20th value was just under the water quality
criterion {and the 19th value was just over the same value), then
the LTA effluent concentration generating these resuits was sutfi-
cient to achieve the water quality criterion; this LTA was then used
in permit limit determinations.

For chronic criteria, 4-day average concentrations were generated
by taking the 4-day running average of modeled daily concentra-
tions. The recumence concentration was calculated in the same
way as the 1-day calculations described in the previous para-
graph. Calculations were not made for the human health criterion.

The permit limits were calculated according to the procedures

. given in Box 5-3. Each LTA was multiplied by the 99th percentile .

multiplier from Table 5-3 for the MDL, and by.the 95th percentile -

multiplier from Table 5.3 for the AML. For the AML, the same
number of samples were used for 'the steady state and Monte
Carlo permit limits (n=4). Thus, the resulting permit limits are

directly comparable. The results of the Monte Carlo simulation for.

copper compared to the steady state calculations in units of
micrograms/liter are shown below:

Maximum ' Average

Daily Monthly
Monte Carlo 8,618 3,761
Steady State 2,716

6,224

7.3 CASE 2: POTW DISCHARGE

The second example is of a fictitious POTW that discharges to the
same reach as the Jaybird Corporation. The NPDES permit for this
facility also is up for reissuance. The example highlights the use of
background receiving water concentrations, and demonstrates

the differences between industrial and POTW permit limits. n
developing permit limits for the POTW in this example, the
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 General Sits Description aad information

The Locapunct River receives discharges from a POTW setving the
city of Auburn, a small city of about 10,000 people. The POTW
treats a mixture of household and industrial waste with an acti-
vated sludge process. The mean effluent fiow from the POTW is
1.23 cfs. The POTW has no pretreatment program, but the
municipality generally is aware of the small industries that are
Indirect dischargers because of research conducted by a local
university. Generally, the plant is well operated.

7.3.2 Effivent Characterization for Specific Chemicals

The permitting authority’s approach for determining which pol-
lutants cause, have the reasonable potential to cause, or contrib-
ute to excursions above water quality standards applies to POTWs
as well as industries. The authority used the procedures described
for the Jaybird Corporation in the evaluation of the Aubum POTW,

Step 1: Identify Pollutants of Concern

At the time of the last permit issuance, there was evidence of a
number of toxic pollutants in the POTW's effluent, including
copper, chlorine, and ammonia. These pollutants had monitor- |
ing requirements in the previous permit. Because there were
metals in the effluent and, due to the industries discharging into
the POTW sewer system, the permitting authority requested the
POTW to conduct a complete priority pollutant scan of the efflu-
ent. The data received foliowing the Section 308 letter request
indicated that the concentrations of all priority poliutants except
copper were below detection limits. The POTW’s primary toxic
pollutants of concern were copper, chlorine, and ammonia (see
Tabie 7-2)..

Step & Determine RAC, CMC, or CCC for Pollutants of Con-
cem .

As described in the example of the industrial discharge, the water
quality standards include numeric criteria for copper. The State
also has adopted a numeric criterion, for ammoniz 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
nurneric 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:

CcCC cMC

(ug/l) g/t
Copper 171 257
Chiorine 1 19
Ammonia 540 4,000
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Table 7-2. Effluent Data for the Auburn POTW

Copper | Chlorine | Ammonla | Toxicity
n ug/l pg/l ug/l TUc
1 268 185 11,009 2
2 115 301 13,025 1
3 228 881 12,201 1
4 59 372 24,548 2
5 53 245 9,700
6 213 244 15,645
7 68 123 21,358
8 200 343 3,976
9 262 153 22,307
10 519 448 7,427
n 53 1,022 11,834
12 474 347 8,430
13 115 130 4,382
14 259 128 9,330
15 404 271 6,137
16 57 451 6,448
17 101 701 37,772
18 187, 582 14,307
19 103 178 16,848
20 76 436 28,205
21 198 347 12,119
22 265 475 11,778
23 60 153 3,109
24 112 268 4,474
Mean 185 - 366 13,182 1.5
sD 133 235 8,491 0.6
v 0.7 0.6 0.6 0.4
Max 519 1,022 37,772 2
Min 526 123 3,109 1

Source: DMR data for chemicals; 308 request for whole effluent toxicty.
Notes:

Metals as total recoverable; toxicity in toxic units {1 00/NOEC).
The results are the highest toxic units for any of the test organisms vsed.

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 7Q10 fiow for the CCC, the 1Q10 flow for
the CMC, and the harmonic mean flow for human health criteria
(RAC). The U.S. Geological Survey operates a gaging station on
the river. The flow statistics were calculated using the data from
this station:

+ Hamonic mean flow = 38.0 cfs
e 7Q10flow=13.0cfs
s 1Q10flow=10.1 cfs.

The POTW is located at 2 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 Potentiat for Excursions

The determination of possible exceedances in the CMC or CCC
was based on a caiculation of the maximum receiving water con-
centration of each poliutant, 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
Chiorine O ugA
Ammonia 120 pg/t.

The maximum effluent concentration was estimated using the
statistical approach in Chapter 3. There were 24 concentrations
of each chemical reported in the DMRs. Ffor copper, these
concentrations had 2 maximurn value of 519 ug/|, an arithmetic
mean of 185 pg/l, 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 ievel {see Section 3.3.2).
Similar caleulations were conducted for chlorine (multiplier. of
2.2) and ammonia (muitiplier of 2.2).

The receiving water concentrations for each poliutant were calcu-
lated. An example calculation for the comparison of copper to
the CCC is shown below:

C= [{24x519ng/lx1. 4 Ix 1
(1.23 cfs + 13 cfs)

where
519 ug/l = the maximum measured effluent concentration
2.4 = the statistical multiplier
1.23cfs = the average effluent flow
4.8 pg/l the upstream receiving water concentration
13cfs = the 7Q10 flow.

[}

The maximum receiving water concentrations for comparison to
applicable standards for all pollutants were calculated to be:

Receiving Water
Criterion Concentration

@ol (o
Copper
cCcC 171 12
mC 257 140
Chiorine
CCC 1 194
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, chiorine, and
ammonia. Therefore, permit imits were developed for these
poliutants.

-7.3.3 Effluent Characterization for Whole Effiuent Taxicity

" 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 Row charactenstics for the facility is
the following:

At the 7Q10, dilution =(1.23 ofs + 13 ¢f5)/1.23 cfs
=11.6

At the 1Q10, dilution = (1.23 cfs + 10.7 cfs)/1.23 cfs
=92,

Step 2: Conduct Toxicity Testing

EPA recommends that a discharger having a dilution less than 100
be required to conduct chronic testing. The permitting authority
requested through a Section 308 letter that the POTW provide
quarterly chronic toxicity data for the year prior to permit
reissuance.. Tests using Selenastrum, Ceriodaphnia, and Pimephales
were required. The permitting authority also required the permit-
tee to report the test results at the 48-hour endpoint so that acute
toxicity also could be measured. Table 7-2 summarizes the results
of the whole effluent toxicity testing.

Step 3: Determine Reasonable Potential for Excursions

As explained in the industrial example, the State interprets its.

narrative criteria for whoie effluent toxicity to require that the-

technical support document recommendations of 0.3 TU, and 1.0
TU¢ be used as numeric values for acute and chronic toxicity,
respectively. In accordance with the State standards, the CMC
applies under the 1Q10 fiow and the CCC applies under the
7Q10 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
dituent 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 CZC was calculated using data from Table 7-2:

C= (4.7 x2TU, x 1.23 cfs) + (0 TU x 13 cfs)
(1.23 cfs + 13 cfs)

0.8 TU,

where
13chs =
1.23cfs=
4.7
4T,

the receiving water flow at 7Q10

the mean effluent flow

the statistical effluent multiplier

the maximum effluent concentration.

=

The value of the calculated recelving water concentration, 0.8
TU,, is less than the chronic water quality standard of 1.0 TU, and
therefore there is no reasonable potential for the CCC to be
exceeded.

To calculate the receiving water concentration for acute toxicity,
the permitting authority first converted the chronic toxicity data
into equivalent acute toxicity units by applying the ACR of 2
obtained from the monitoring data. The receiving water concen-
tration for acute toxicity was then cafculated:

C= [(4.7 x 2 TU, / 2 ACR x 1.23 cfs) + (0 TU, x 10.1 cfs)]
(1.23 cfs + 10.1 <fs)

= 057U,

where 10.1 cfs is the receiving water flow at 1Q10, 2 is the acute
to chronic ratio, and the other values are the same as above. The
calculated value of 0.5 TU, is greater than the criterion of 0.3 TU,,
Therefore, there is reasonable potential for the CMC to be ex-
ceeded and permit limits were developed for whole effluent
toxicity.

7.3.4 Detormine Wasteioad Aliocstions

WLAs for chemicals and whole effluent toxicity were determined
using information on the available dilution at the edge of the
mixing zone. The calculation of WLA using the steady-state model
was described in Section 7.2.4. The WLAs for the POTW using the
eguation discussed in Section 7.2.4 are:

Toxicity . Copper Chlorine Ammonia

av) oM @al) (o)
WLA, 28 197 175 35,860
WA 1.6 147 127 4979

7.3.5  Deveiop Permit Limiis

The permit limit development process described in Box 5-2,
Chapter 5 was applied to all poliutants. This process is identical to
that explained in Section 7.2.5 except that (1) the WLA for acute
toxicity needs to be expressed in equivalent chronic toxic units by
multiplying by the ACR of 2, and (2) daily sampling of chlofine is
required in the permit. The calculated LTA and permit limits are:

Toxicity Copper Chlorine Ammonia
L D )
LTA, 1.8 55.4 56.2 11,51
LTA. 6.1 70.7 66.9 2,625
MDL 5.6 197 175 8,162
AML 28 Nn 87 4,067
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7.3.6 anmmmmmm

The treatment technology for POTWSs is secondary treatment and
is characterized by effluent limits for biochemical oxygen de-
mand, total suspended solids, and pH. There dre no BAT limits for
toxics for POTWSs, 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 fimits in terms of TU, were
calculated by dividing the above calculation for TU, by the ACR of
2 that was obtained from effluent monitoring.

in accordance with NPDES regulations, the effluent limits for
chemicals were expressed in the permit as mass (pounds per day)
by mudtiplying 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
impractica! under the regulation.

Toxicity Copper Chlorine Ammonia

TU, {lb/d) (Ib/d) ({ib/d)
MDL 28 1.3% 1.16 54.2
AML 1.4 0.64 0.58 27.0

7.8.7 Comparing Ditferent Limit Development Methods

Permit limits also were developed using a Monte Carlo simulation
to compare the resuits to the steady-state permit iimits. A Monte
Carlo simulation was used to generate receiving water concentra-
tions for determining the appropriate LTA for each of the pollut-
ants. The methodology for the Monte Carlo simulation is presented
in Section 7.2.7. The results for this case are presented below,

MDLs in TU, and pg/I '
Toxicity Copper Chiorine  Ammoniz
Monte Carlo e 264 249 9,657
Steady State 2.8 197 175 8,162
AMLs in TU, and g/t
Toxicity Copper Chlorine Ammonia
Monte Carlo 2.7 1m7nm 170 6,614
Steady State 1.4 N 87 4,067

1.4  CASE 3: MULTIPLE DISCHARGES INTO THE SAME
REACH

‘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
Jaybird manufacturing plant described in Case 1 and the Aubum
POTW described in Case 2. These facilities discharge into the
Locapunct River, whose flow characteristics previously were de-
scribed. - ‘ :

7.4.1 Efflvent Characterization

The major differences in the effluent characterization for one
facility and for multiple facilities is to identify those pollutants that
are common to more than one facility, and to determine whether
the combined discharges cause or are likely to cause water quality
standards excursions. .

Step 1: Identify Pollutants of Concern

Based on the data in Form 2C, the DMRs from the |aybird
Corporation and the data in the OMRs and Section 308 request
from the Auburn POTW, 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 POTW, it was dealt with as a poliutant only at
the metal finishing facility, Similarly, chlorine and ammonia were
discharged solely by the POTW, so it was not necessary to provide
effluent limits for the metal finishing facifity for these chemicals.

Step 2: Determine the CMC and CCC for Pofiutants of Con-
cern

The numerical standards adopted by the State already have been
presented. The relevant values for copper and whole effluent
toxicity are:

ccc

CMC
Copper 17.1 pgh 25.7 ugh
Toxicity 1.0 TU, 037U,

Step 3: Determine Dilution for Aquatic Life and Human Health
Impacts

Since this example is concerned with potential excursions above
standards resulting from the coliective discharge of two discharg-
ers, the calculation of dilution includes the combined effluent flow
from both facilities, The combined dilution can be characterized

by the complete mixing egquation: :

C = (Ce1Qe1 + Ce2Qe2 + C:Q/AQe1 + Qez2 + Q)

where :
nd = thefl f the two faciliti
Permit development for water quality-based toxics control has Qe1 2nd Qez ¢ Tlows @ actlities -
been illustrated for two single dischargers. This process increases Ce1and Cez = the effluent concentrations of the two facilities
in complexity in cases of multiple dischargers into a reach. The Cs = the upstream receiving water concentration
development of permit limits for multiple dischargers is based on Qq = the receiving water flow,
137
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Step 4: Determine Reasonable Potentlal 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 effiuent data and multiplied by the appropri-
ate statistical factor), average effiuent 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

g/ (ug/h
Copper
cCC 171 156
cMC 25.7 194
Toxici
ccC 1.0 0.57
cMC 0.3 0.45

These calculations demonstrated exceedances of the copper CCC
and CMC criteria and the toxicity CMC criterion. Permit limits
were required.

7.4.2 TMDLs and WiAs

WLAs were calculated to develop permit limits. WLAs for each
discharger and chemical were based on calculated TMDLs, the
totat load to the Locapunct River that would not result in water
quality standards exceedances. TMDLs are comprised of a load
allocation for nonpaint sources, WLAs for point sources, and, if
required by the State, a reserve capacity. TMDLs are further
described in Section 4.2, Chapter 4.

Step 1: Calculate TMDL

The first step in devaloping individual WLAs for the two discharg-
ers was to develop TMDLs for each pollutant of concern. 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 calculation of TMDLs used the following formula:

TMDL = WQS x ( Qy +Qs)

where
WQS = the water quality standard
Q; = the combined flow = both effluents
Q, = theappropriate r .-/ing water flow.

The acute copper TMDL was calculated by using the data pre-
sented in the previous two examples as:

TMOL = 25.7 ngfl x (0.034 cfs + 1.23 cfs + 10.1 cfs)
= 292 ug-cls/t
where
25.7 ugfl = the CMC
0.034 cfs and
1.23cfs = the average effluent flows
10.1 = the 1Q10.

Simifar calculations were made for chronic copper and acute
toxicity. A TMDL was not calculated for chronic toxicity because
the information presented in Chapter 1 indicates that chronic
toxicity does not demonstrate additivity. The results are summa-
rized below.

Total Maximum Daily Loads

Chronic Acute
Copper (ug-cfs/l) ) 244 292
Toxicity (TU,-cfs/l} NA 34

Step 2: Develop WLAs

The State had adopted an approach into the water quality man-
agernent plan that described how WiLAs were to be calculated,
The approach required that existing upstream concentrations be
used to determine the load allocation part of the TMDL and that
10 percent of the TMDL had to be reserved and unavailable for
atlocation. The remainder of the TMDL could be apportioned to
point sources in the WLA,

The permitting authority decided to allocate the wasteloads based
on the proportion of the existing load of each parameter that was
attributed to each of the existing discharges. Based on the
information shown in Tables 7-1 and 7-2 and the average effluent
flows, the pollutant loads from each facility are shown below.

Auburn POTW Jaybird Corporation
Parameter Load  Proportion Load Proportion
Copper ' '
(ug-cfs/l) 227.6 0.77 66.1 0.23
Toxicity
(TU,<fs) 1.23 0.90 0.4 0.10

Individual WLAs were then determined using the following
equation:

WLA = (TMDL - LA - 10% TMDL) x proportion/Qe

where the chronic TMDL was used to determine the chronic WLA,
and the acute TMDL was used to determine the acute WLA for
each facility. The WLAs for each pollutant and for each facility are
presented on the following page.
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Acute WLA Chronic WLA
Jaybird
Copper (eg/l} 134 1,450 98.4 1,063
Toxicity (TU,) 2.2 9.0 NA ~NA
7.4.3  Pormit Limit Developmeit

Once the WLAs had been determined, permit limit development
proceeded as in the previous examples. LTAs were calculated
from the WLAs, and the limiting LTA was selected for calculating
permit limits, For the metat finisher, where BAT limits were more
restrictive than the water quality-based limits, the BAT limits
applied. For the POTW, permit limits for toxic materials were
" required only to prevent exceedances of water quality standards.
This process is summarized below.

Step 1: Calculate LTAs
The LTA was calculated for each discharger and pollutant as

described in Step 2, Box 5-2, Chapter 5; the LTAs are shown
below. :

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 poliutants. .

Step 3: Calculate the Maximum Daily and Average Monthly
Limits .

The MDL and AML were caiculated as described in Box 5-2,
Chapter 5:

Average Monthly Limit ~ Maximum Daily Limit
Parameter POTW  laybird POTW  Jaybird
Copper (g/l) 62 632 134 1,448
Toxicity (TU,) 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 quality-based limits for Jaybird Corporation are lower than
the BAT ones (see Section 7.2.6). Therefore, the water quality-

Acute LTA Chronic LTA based limits are required by the permit. In addition, the limits are
Parameter POTW  Jaybild POTW  Jaybird lower than those calculated when only one of the facilities were
Copper (ug/l) 37.7 361 47.3 468 considered. The final permit limits are listed below.
Toxici ) 29 NA NA
oxicity (TUa) 07 Average Monthly Limit  Maximum Daily Limit
Parameter POTW  |aybird POTW  Jaybird
Copper (Ib/d)  0.41 0.12 0.89 0.27
Toxicity (TU;) 1.1 4.5 2.2 2.0
139
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Acute toxicity endpoints (ATEs) . Complex Effluent Toxicity Testing Program (CETTP) 7, ¢
lethal cancentration (LC) 4 Compliance monitoring 123
Acute toxicity testing 59 discharge monitoring report/quality assurance 124
Acute-chronic ratio (ACR} 17 inspections 124
Additivity 24 , self-monitoring report 123
Allowable Effluent Concentration Distribution 82 Compliance problems 53
Ambient toxicity testing 61 Concentration
Ambient-induced mixing 77 flow distance 77
lateral dispersion coefficient 77 Continuous Simulation 80
shear velocity 77 CORMIX1 76
Amelia River 68 ‘ Criterion continuous concentration (CCC) 48
Ames test 25 Criterion maximum concentration (CMC) 48, 71, 85
Analytical considerations for chemicals 65 Critical conditions 67
Antidegradation policy 2% Critical design periods
Aquatic community 18 ' estuaries and coastal bays 74
Aguatic Life Protection 34 oceans 74
ARM B4 rivers and run-of-river reservoirs 73
lakes, reservoirs 73
BAF 38
Bioaccumulation 37; 38, 72 Design periods. See Critical design periods
Bioaccumuiation consideration 38 Designated use 54
Bioconcentration 38, 64 Detection level
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Blological assessment/bioassessment 18, 20 practical quantitation limit 112
Biotogicai criteria Detection levels 111
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CMC for toxicity 85 Dilution 52-53, 61
Concentration (multiple dischargers) 86 Dilution determination 58, 63
Concentration (nonconservative pollutant) 87 Discharge monitoring reports 54
Harmonic mean flow 88 Discharge-induced Mixing 75
Latera! dispersion coefficient 77 Duration 31-32
Carcinogenicity 25 ' Duration for single chemicals and WET 35
Carcinogens 68 Dye study 51, 58
Carcinogens, calculating RACs 40 Dynamic modeling. See Medeling
- QCC 34,85 Modeling techniques; Models 76, 78, 79
CCC. See Criterion continuous concentration 79, 85 DYNHYD4 89
'Center for Exposure Assessment Modeling (CEAM) 73 DYNTOX 83, 84
Chroenic toxicity endpoints
effective concentration 4 , Effluent bioconcentration evaluation 42, 64-65
lowest observed effect concentration 4 Effluent characterization 47
no observed effect concentration 4 ' addressing uncertainty in 56
Chronic toxicity testing 59 for aquatic life effects 48
Clean Water Act (CWA) 1, 67 for human health effects 48, 62
CMC 34, 71,85 ’ or multiple dischargers 60-61
CMC. 7 for specific chemicals 61-63
Coefficient of variation (CV) 95 for whole effluent toxicity 56-60
in permit limit derivation 105 process 53, 63

Completely mixed discharge-receiving water situations 78

Preceding page blank
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Effluent characterization {cont.)
purpose 48
special considerations for marine and estuarine
systems 61 :
Effiuent variability
basic principles 93
Enforcement 125
enforcement discretion 125
enforcement mechanisms 125
whole effluent toxicity enforcement 124, 125
EXAMS-II 84
Excursion above CMC or CCC 60
Excursions above ambient criteria 50
Expressing limitations and develaping monitoring require
ments 110
Expressing permit limits
mass-based limit 110
- maximum daily 96

FCM2 85

FGETS 85

Fish consumption values 37
Fishable/swimmable 29

FLOSTAT 89

Food chain 87

Frequency 31, 32

Frequency for single chemicals and WET 36

GC/MS 64
Generating Effluent Data 56
Genotoxic pollutants 25

bioassessment approéch‘ 1,22
chemical-specific approach 1, 20
whole effluent approach 1, 4, 21

Integrated Risk Information System (IRIS) 38
Isopleths, concentration 72

LA. See Load allocation 67
Lateral dispersion coefficient 77
LC50 4, 57,58, N

Limits for metals 111

Load allocation 67

Lognormal Probabilistic Dilution Model 82

Long term average (LTA) 95

Magnitude 31, 32

Magnitude for single chemicals 34
Magnitude for whole-effluent toxicity 35
Magnitude, duration, and frequency (Criteria} 31, 32
Margin of safety 67

Marine and estuarine discharges 61
Marine and estuarine permitting 104
Maximum daily permit limits -

chronic toxicity 96

Metals 111
MINTEQAZ2 84, 85
Mixing zone 58, 72
Mixing Zones 33
Modeling techniques

continuous simulation 81

lognormal probabilistic dilution model 82

Monte Carlo simulation 81
steady state 78

Health effects 25 Models
nonthreshold effects 25. CORMIX1: 76.
threshold effects 25 DYNHYD4 84 -
HPLC 65 DYNTOX 84
HSPF 84 EXAMS-1| 84
Human exposure. FCM2 85
Background concentrations 37 FGETS 85
drinking water ingestion 37 FLOSTAT 89
fish consumption 37 HSPF 84
Human health criteria MINTEQA2 85
Q1* 39,40 Mixing zone 70
RfD 39, 40 PSY 78
updating 38 SARAH2 85
Human health protection 25 Selection of 83
Human health protection (WQC) 36 STORET 79
Human health/Human exposure 37 TOXI4 84
UDKHDEN 77
Implementation methods for state antidegradation policies ULINE 77
Tiert -29 UMERGE 77
Tier it 30 UQUTPLM 77
Tier Il (ONRWS) 30 UPLUME 76, 77
Independent application 22, 31, 49 WASP4 84
integrated approach 1
142

19044



Monte Carlo simulation 80, 81

Monticello Ecological Research Station (MERS) 2
Multiple source toxicity testing procedures 60-61
Multiple-source discharge 60-61 '

Narrative criteria 29
Noncarcinogens 89
NPDES program 1
Number of samples
in permit limit derivation 105
Numeric criteria 29

Outfall design recommendations
in lakes and reservoirs 73
in oceans 74
inrivers 73
multiport submerged 73
single-port submerged 73
surface discharge 73
Outstanding national resource waters (ONRWs) 30

Penalties 124
Perrnit documentation 110
Permit limit derivation 98
aquatic life protection 98
average monthly 96
average weekly 96
basic objective 96
detection levels 111
direct application of both the acute and
chronic WLAs 104
dynarnic 101 )
human health protection 104-105
maxirmum daily 96
other approaches 103
selection of monitoring frequencies 113
single value steady state 102
two value steady state 98
use of a WLA as a permit limit 96-97
Pollution prevention 111
Potential for excursion above CMC or CCC 58
POTW 53, '
Precision 2, 11,12
coefficient of variation (CV) 12
inter-laboratory precision 2, 11
intra-laboratory precision 11
_ variability 11
Priority toxic poltutants 30
Probability basis
average monthly 110
daily maximum 110
" in permit limit derivation 110
LTA for WLA 110

Quality assurance 12,123

discharge monitoring report/quality assurance 124

Reasonable potential 48, 49, 50, 58

as a trigger 58

for multiple dischargers 60

for whole effluent toxicity 58

regulatory basis 49

with effluent data 50, 56

without effluent data 49
Receiving water concentration (RWC) 48
Reference ambient concentration (RAC) 48
Reference toxicants 12
Regulation requirements 48-49
Reporting violations 126

to the public 126

1o the regulatory agency 124
Return period 82
Rhodamine WT. See Tracer (dye) studies 75

'SARAM2 85

Screening protocol 53

Sediment 42, 67

Sediment criteria 42

Shayler Run, Ohio 2

Single value wasteload allocations
use in permit limit derivation 102

Species sensitivity 59

Species sensitivity differences 16

Statistical considerations of effluent limits 105
changes in CV on limits 106
changes in CVon LTA 105
changes in monthly samples 105, 107

changes in probability basis on limits 105, 110

Statistical considerations of WLAs 96
Statistical distributions of effluent data
lognormal (positively skewed) 95
normal (bell shaped) 95
STORET 79
TMDL. See Tota! maximum daily load
Total maximum daily load
caiculation of 78
margin of safety 67
Total maximum dailly load (TMDL) 1, 67, 78
TOXI4 B4
Toxic units {TUs) 6
acute toxicity units (TU,) 7
chronic toxicity units (TU,) 7
Toxicity
acute toxicity 4
CCCfor 85
chronic toxicity 4
CMC for 85
whole effluent toxicity 4, 71

’
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Toxicity persistence 23
Toxicity reduction evaluations
308 letters 118-119
additional testing 117-118
administrative orders 114
approach 114
circumstances warranting a TRE 117
consent decrees 114
evaluation criteria 115
quidance documents 114
fequiring TREs 118
toxicity identification evaluation (TIE) 116
TRE plans 115
Toxicity test endpoint concentrations
acute toxicity endpoints (ATEs) 4
chronic toxicity endpoints (CTEs) 4
Toxicity testing 11
composite sample 13
flow-through toxicity test 13
grab sampte 13
off-site tests 11
on-site tests 173
static toxicity test 13
Toxicity testing procedures 58
Treatment plant performance 97
Triggers for permit limit development 58, 63-64
Tualatin River Basin 68

UDKHDEN 77
ULINE 77
UMERGE 77
UQUTPLM 77
UPLUME 76, 77

Variability
effluent variability 16
exposure variability 16
species sensitivity differences 16
" Violation review 124
WASP4 B4
Wasteload 67
Wasteload allocation
schemes 67, 69
Wasteload aliocation (WLA) 1
Water quality criteria 1, 29, 32
aquatic life 34

Criterion continuous concentration (CCC) 32
criterion maximum concentration (CMC) 34, 35

RACs for non-carcinogens 39

reference ambient concentration (RAC) 36

reference tissue concentration (RTCs) 37
Water quality models

continuous simulation 81, 98

dynamic 98

lognormal probabilistic 82
Monte Carlo 81, 98
single value steady state 97
two value steady state 98
Water quality standards 1
biological criteria 1
narrative water quality criterion 1
numeric criteria 1
water quality criteria 1
Water quality standards regulatory considerations 30
Section 303(c){(2)(B) of CWA 30 '
40 CFR 122.44 & 40 CFR Part 131 31
Section 307(a) of CWA 30
Section 131.11 Standards Regulation 2.1 29
When is a chemical-specific limit sufficient? 62
Whole effluent approach 4
Whole effluent toxicity
“pass/fail” tests 104
acute endpoint sensitivity 112
chronic endpoint sensitivity 112
description of limits 112
detection levels 112
end-of-pipe approach 104
test methods 112
use of acute versus chronic tests 112
Whole effluent toxicity data generation 58
WLA 67

* This is net a comprehensive index. Only topics of importance

are highlighted.
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Raw Data

EPA Regulations and Policies

Ambient Toxicity Testing and Data Analysis
Duration and Frequency

Lognomnal Distribution and Permit Limit Derivations

Sampling

The Development of A Biological indicator Approach to Water Quality-based Human Health Toxics Control

Reference Dose (RFD): Description and Use in Health Risk Assessment

Chemicals Available on IRIS
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APPENDIX A-1 |
ToxicITY TEST PRECISION DATA
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MARINE/ESTUARINE SHORT-TERM CHRONIC ToXxiCITY
TESTS
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SHEEPSHEAD MINNOW {Cyprinodon varispatus)

Seven-day Larval Survival and Growth Test
Single Laboratory Precision Data

Table A-1-1. Single laboratory precision of test performed in
40 fathoms artificial seawater, using larvae from fish
maintained and spawned in 40 fathoms artificial seawater,
using copper as the reference toxicant {1].

Most
Test NOEC ICae ICsp Sensitive
Number (mg/1) (mg/l) (mg/l) | Endpoint
1 0.05 0.1133 0.1523 S
2 <0.05* 0.0543 0.0975 G
3 <(.05* 0.0418 0.0714 G
4 0.05 0.0632 0.0908 13
5 <0.05* 0.0577 0.0998 S
6 0.05 0.0483 | 01325 G
7 0.05 0.0796 0.1597 G
8 0.05 0.1235 0.2364 G
n 5 8 8
Mean: 0.05 0.0727 0.1300
CV(%): [NA 41,82 40.77

* The fowest concentration tested was 0.05 mg./|
NOEC Range: >0.05" - 0.05 mg/l.

Copper concentrations in Tests 1.6 were 0.050, 0,10, 0.20, 0.40, and 0.80 mg/!
and Tests 7-8 were 0.025, 0,050, 0.10, 0.20, and 0.40 my/l.

Prepared by Florence Kessler, TAl, Cincinnati, OH, ]anu‘ary 11, 1990 (ICp
Program, version 1.1b).

Table A-1-2, Single laboratery precision of test performed in
40 fathoms artificlal seawater, using larvae from fish
maintained and spawned In 40 fathoms artificial seawater,
using sodium dodecyl sulfate (SDS) as the reference toxicant

).

[ Most
Test NOEC IC2s 1ICs Sensitive
Number (mg/t) (mg/1} (mg/h) Endpoint
1 1.0 1.2799 1.3598 S
2 1.0 1.4087 1.8835 5
3 1.0 | 2.3051 2.8367 5
4 0.5 1.9855 2,6237 G
5 1.0 1.1901 1.4267 s
6 0.5 1.1041 1.4264 G
n 6 ] (]
Mean: 0.8 1.5456 1.9595
CVI(%): [ NA 31.44 31.82

NOEC Range: 0.5 - 1.0 mg/l (this represents s difference of one exposure
concentration),

SDS concentrations in Tests 1.2 were 1.0, 1.9, 3.9, 7.7, and 15.5 mg/l and in
Tests 3-6 were 0.20, 0.50, 1.0, 1.9, and 3.9 mg/l.

Prepared by Florence Kessler, TAl, Cincinnatl, OH, fanuary 11, 1990 (ICp
Program, version 1.1b),

Table A-1-3. Single Inbo‘ratory precision of test performed in
natural seawater, using larvae fromn fish maintained and

spawned in natural seawater, using copper as the reference
toxicant [1]. .

Maost
Test NOEC IC - ICsy Sensitive
Number {mg/l} {mg/h (mg/ly | Endpoint
1 125 320.3 437.5 S
2 31 182.3 323.0 G
3 ‘125 333.4 483.4 S
4 125 228.4 3438 S
5 125 437.5 NC* S
n 5 5 4
Mean: 106.2 300.4 - 396.9
CV(%): NA -33.0 19.2

* No linear interpolation estimate could be calculated from the data, since none
of the group response means were less than 50 percent of the control response
mean.

NOEC Range: 31 - 125 my/| (this represents a difference of two exposure
Cconcentrations).

Prepared by Elise Torella, SAIC, Narragansett, Rl, and Margarete Heber, EPA,
Washington, DC, February 1990 (ICp Program, version 1.1b}).

Table A-1-4. Single laboratory precision of test performed in
natural seawater, using larvae from fish maintained and
spawned in natural seawater, using sodium dodecyl sulfate
(SDS) as the reference toxicant [1].

Most
Test NOEC 1€ 1Cso Sensitive
Number {mg/l) (mg/H (mg/l) | Endpoint
1 2.5 29 3.6 S
2 1.3 NC! NC? G
3 13 1.9 24 S
4 1.3 2.4 NC2 G
5 1.3 1.5 1.8 5
n S 4 ES
Mean: 1.5 2.2 26
CV{%): NA 27.6 353

NOEC Range: 1.3 - 2.5 mg/| (this fepresents a difference of one exposure
concentration).

TNo linear interpolation estimate could be calculated from the data, since none
of the group response means were jess than 75 percent of the control response
mean,

2N linear interpolation estimate could be calculated from the data, since none
of the group response means were less than 50 percent of the contro! response
ean,

Prepared by Elise Torelio, SAIC, Narragansett, RI, and Margarete Heber, EPA, and
Washington, DC, February 1990 ({(p Program, version 1.1b).
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SHEEPSHEAD WINNOW (Cyprinodon variegatus)
Seven-day Larval Survival and Growth Test
interiaboratory Precision Data

Table A-1-5. Interlaboratory precision of test using an industrial effluent as
the reference toxicant {1].

Most Sensitive Endpoint

Test NOEC 1Cas s
Number (9%) (%) (%)
Laboratory A
1 3.2(5G) 7.4 (S) " 7.4(G)
2 3.2(5,Q) 7.6 (8) 14.3 (G)
Laboratory B :
1 3.2(5,G) 5.7 (G) 9.7 (G)
B 2 3.2(5,G) 5.7 (G) 8.8 (G)
Laboratory C
] 1.0 (SY 4.7 (5) 7.2(5)

Laboratory D

—

3.2(5G) 7.4 (G) 24.7 (G)

2 1.0 (G) 5.2(5) 7.2(5)
n: .7 7 7
Mean: 2.6 5.5 11.3
CV(%): NA 44.2 56.9

NOEC Pange: 1.0 - 3.2 percent (this represents a difference of one exposure concentration).

Prepared by Elise Torello, SAIC, Narragansett, R, and Margarete Heber, EPA, and Washington, DC,
February (ICp Program, version 1.1b).

SHEEPSHEAD MINNOW (Cyprinodon varlegatus)

Embryo-larval Survival and Teratogenicity Test
Single Laboratory Precision Data

Table A-1-6. Single laboratory precision of test performed in HW Marinemix
artificial seawater, using embryos from fish maintained and spawned in HW
Marinemix artificial seawater, using copper as the reference toxicant [1].

Test EC, ECs E€yp ECsq NOEC
Number {ug/) (ug/ty {ug/ly {va/l) (ug/1)
1 173 189 198 234 240
2 . . . . 240
3 - - &« * 240
4 182 197 206 240 240
5 177 | o187 197 234 240
6 - . . . <200

* - - - '220 s
195 203 208 226 220
n: 4 4 4 4 7
Mean: 180 194 202 233 234
CV(%): 6.1 3.8 28 2.5 NA

* Data do not fit the Probit model.
NOEC Range: 200 - 240 (this represents a difference of two exposure concentrations).

A-1-2
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_SHEEPSHEAD MINNOW {Cyprinodon variegatus) (continued)
Embryo-larval Survival and Teratogenicity Test
Single Laboratory Precision Data

. Table A-1-7. Single laboratory precision of test performed in HW Marinemix
artificial seawater, using embryos from fish maintained and spawned in HW
Marinemix artificial seawater, using sodium dodecy! sulfate (SDS) as the

reference toxicant [1].

Test EC, ECs ECqo ECsq NOEC
Number {mg/n (mg/) {mg/l) (mg/h) (mg/t)
1 1.7 20 22 3.1 2.0
2 * - » - 4‘0
3 0.4 0.7 0.9 25 20
4 1.9 2.2 24 33 2.0
5 1.3 1.7 1.9 3.0 2.0
- n . 4 4 4 4 5
Mean: 1.3 1.6 1.9 2.9 24
CV(%): 51.2 41.6 35.0 1.7 NA

* Data do not fit the Probit model,

NOEC Range: 2.0 - 4.0 ug/l (this represents a difference of one exposure concentration).

Seven-day Larval

Table A-1-8. Single laboratory precision of the inland
silverside (Menidia berylling) larval survival and growth test
performed in natural seawater, using larvae from fish
maintained and spawned in natural seawater, using copper as
the reference toxicant [1).

{NLAND SILVERSIDE (Men/dia beryllina)
Survival and Growth Test Single Laboratory Precision Data

Table A-1-9. Single laboratory precision of the inland
silverside (Menidia berylling) larval survival and growth test
performed in natural seawater, using larvae from fish
maintained and spawned in natural seawater, using sodium
dodecyl sulfate (SDS) as the reference toxicant [1].

Most Most
Test NOEC IC2s 1Cso Sensitive Test NOEC IC2s 1Csq Sensitive
Number {ug/1) (ug/) (ug/H Endpoint Number (ma/Mm (mg/l) {mg/l) Endpoint
1 63 96.2 148.6 S 1 1.3 0.3 1.7 5
2 125 207.2 NC* ) 2 1.3 1.6 1.9 s
3 63 218.9 493.4 G 3 13 1.5 1.9 S
4 125 1772.5 241 .4 S 4 1.3 1.5 1.9 S
5 3 3501 479.8 G 5 - 1.3 1.6 2.2 S
n: 5 5 4 n: 5 5 5
Mean: B1.4 209.9 340.8 Mean: 1.3 1.3 . 1.9
CV(%): NA 43.7 50.7 CV(%): i NA 43.2 9.4

* No linear interpoiation estimate could be calculated from the data, since none
of the group response means were less than 50 parcent of the control response
mean,

© NOEC Range: 3] - 125 ug/! (this represents & difference of two exposure
cancentrations). .

Prepared by Elise Torello, SAIC, Narragansett, R), and Margarete Heber, EPA. and
Washington, OC, February 1990 (iICp Program, version 1.1b).

NOEC Range: 1.3 mgit.

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, and
Washington, DC, February 1990 (iCp Program, version 1.1b).

A-1-3
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bahia} survival, growth and fecundity test performed in natural seawater,

MYSID (Mys/dopsis bahia)

Seven-day Survival, Growth, and Fedundity Test Single
Laboratory Precision Data

Table A-1-10. Single laboratory precision of the mysid (Mysldopkis

using juveniles from mysids cultured and maintained in natural
seawater, using copper as the reference toxicant [1].

Test NOEC s iCsp Most Sensitive

Number (ug/l) (ug/b) (ug/l) Endpoint
1 63 96.1 NC* S
2 125 1383 175.5 L3
3 125 156.3 187.5 s
4 125 143.0 179.9 S
5 125 1572.7 200.3 S

oom 5 5 4

Mean: 1126 138.3 185.8
CV(%): NA 18.0 5.8

* No linear interpolation estimate could be calculated from the data, since none of the
group fesponse means were less than 50 percent of the control response mean.

NOEC Range: 63 - 125 ug/| (this represents a difference of two €xposure concentrations).
Prepared by Elise Torello, SAIC, Narragansett, I, and Margarete Heber, EPA, and

Washington, DC, February 1990 (ICp Program, version 1.1b).

Table A-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 maintzined in
natural seawater, using sodium dodecyl sulfate (SDS} as the reference

toxicant [1].

Test NOEC ICs iCe Most Sensitive
Number (mg/h) {mg/1) {mg/l) Endpoint
1 2.5 4.5 NC2 S
2 <0.3 NG NC? S
3 <0.6 NCT NC2 S
4 5.0 7.8 NC2 5
5 2.5 3.6 4.6 S
6 5.0 7.0 9.3 S
n: 4 4 2
Mean: 38 5.7 6.9
CV{%): NA 35.0 - 47.8

INo linear interpolation estimate could be calculated from the data, since none of the
group response means were less than 75 percent of the control response mean.

2no linear interpolation estimate could be calcuiated from the data, since none of the
Group response means were less than 50 percent of the control response mean.

NOEC Range: <0.3 - 5.0 mg/| (this represents a difference of four exposure concentrations),

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Ma
Washington, DC, February 1990 {ICp Program, version 1.1b).

rg;rete Heber, EPA, and

A-1-4
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SEA URCHIN (Arbacia punctulats)
Fertllization Test Singie Laboratory Precision Data

Table A-1-12, Single laboratory precision of the sea urchin
(Arbacia punctulata) fertilization test performed in natural
seawater, using gametes from sea urchins maintained and
spawned in artificial seawater (40 Fathoms), using copper
as the reference toxicant [1].

Table A-1-14. Single laboratory precision of the sea urchin
(Arbacia punctulata) fertilization test performed in natural
seawater, using gametes from sea urchins maintained and
spawned in natural seawater, using copper as the reference

. toxicant [1).

Test NOEC iy ICso Test NOEC ICs HCso
Number (ug/) (ug/) (ug/l) Number (vg/l) (ug/h) {ug/H
1 5.0 8.92 29.07 1 12.2 14.2 184
2 12.5 26.35 38.96 2 12.2 324 50.8
3 <6.2 11.30 23,93 3 244 303 46.3
4 6.2 34.28 61.75 4 <61 26.2 341
5 12.5 16.67 75.14 5 6.1 11.2 17.2
n: 4 5 5 n 4 3 5
Mean: 9.0 23.51 45.77 Mean; 13.7 228 29.9
CV{%): NA 54.60 47.87 CV{(%): NA 41.9 48.2

NOEC Range: <5.0 - 12.5 ug/l (this represents a difference of one exposure
concentration).

NOEC Rangeé: <6.1 - 24.4 ug/i (this represents a difference of two exposure

concentrations).

Copper concentrations in Test T were 2.5, 5.0, 10.0, 20.0, and 40.0 ug/l and in
Tests 2-5 were 6.25, 12.5, 25.0, 50.0, and 100.0 ug/l,

Prepared by Florence Kessler, TAY, Cincinnati, OH, january 11, 1990 (ICp
Program, version 1,1hb).

Table A-1-13. Single laboratory precision of the sea urchin
(Arbacia punctulatg) fertilization test performed in natural
seawater, using ganietes from sea urchins maintained and
spawned in artificial seawater (40 Fathoms), using sodium
dodecy! sulfate (SDS) as the reference toxicant [1].

Prepared by Elise Torello, SAIC, Narragansett, R), and Margarete Heber, EPA, ana
Washington, DC, February 1990 {ICp Program, version 1.1b).

Table A-1-15. Single laboratory precision of the sea urchin
{Arbacia punctulata) fertilization test performed in natural
seawater, using gametes from sea urchins maintained and
spawned in natural seawater, using sodium dodecy! suifate
(SDS) as the reference toxicant [1).

Test NOEC IC2¢ ICso Test NOEC ICas ICso
Number (mg/h) (mg/1) {mg/l} Number {ug/) {ug/l) {ug/l)
1 <0.9 11 1.76 1 1.8 2.3 . 2.7
2 0.9 1.27 1.79 2 1.8 39 5.1
3 1.8 2,26 287 3 i8 2.3 29
4 0.9 1,90 2.69 4 0.9 2.1 2.6
5 1.8 211 2.78 5 1.8 23 2.7
n 4 5 5 n: 5 5 5
Mean: 1.4 1.73 2.38 Mean: 1.6 2.58 3.2
CV{%): NA 29.7 233 CV(%): NA 28.7 313

NOEC Range: 1.2 - 3.3 mg/i (this represents a difference of one exposure
concentration),

SDS concentrations for all tests were 0.9, 1.8, 3.6, 7.2, and 14.4 mg/!.
Prepared by Florence Kessler, TAl, Cincinnati, OH, January 11, 1999 (ICp

NOEC Rarige: 0.9 - 1.8 mg/) {this represents a difference of one sxposure
concentration).

Prepared by Elise Torello, SAIC, Narragansett, &I, and Margarete Heber, EPA, and
Washington, DC, February 1990 (ICp Pregram, version 1.1b).

Program, version 1.1b).

A-1-5
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RED MACROALBAE (Champla parvula)
Reproduction Test Single Laboratory Precision Data

Table A-1-16. Single laboratory precision of the red
macroalga (Champla parvuia) reproduction test performed in

50/50 natural seawater and GP-2 artificial seawater. Copper is
the reference toxicant [1].

Test NOEC ICas ICso
Number (ug/1) (ug/D) {ug/l)
] 1 1.0 1.67 2.35
} 2 1.0 1.50 1.99
i 3 1.0 0.69 1.53
i 4 1.0 .98 1.78
5 Q.5 0.38 0.76
6 0.5 0.38 0.75
n 6- 6 ]
Mean: 0.83 0.93 1.5°
CV(%): NA 59.6 43.7

NGEC Range: 0.3 - 1.0 ug/! (this represents & difference of one exposure

<sncentration).

Prepared by Elise Torello, SAIC, Narragansett, Ri, and Margarete Heber, EPA, and
Washingten, DC, February 1990 (iCp Program, version 1.1b).

Table A-1-18. Single fabaratory precision testing of the red macroal

. Table A-1-17. Single laboratory precision of the red

macroalga {Champia parvula} reproduction test performed in
50/50 natural seawater and GP-2 artificial seawater. Sodium
dodecyl sulfate (SDS) is the reference toxicant [1] (personal
communication with G. Thursby, SAIC, Narragansett, RI).

Test NOEC 1Cas 1Csp
Number {mg/) (mg/l) (mg/)
1 <0.80 0.6 0.3
2 0.48 0.7 0.6
3 <0.48 0.4 0.2
4. <0.48 0.2 0.4
5 0.26 0.2 0.5
6 0.09 0.1 0.3
7 0.16 0.2 0.3
8 0.09 0.1 0.2
9 ' <0.29 0.3 0.4
n 5 9 9
Mean: 0.22 0.31 0.36
“CV(%): NA 69.0 37.0

NOEC Range: 0.09 . 0.

concentrations).

48 mg/I (this represents a difference of two exposure

Prepared by £lise Torello, SAIC, Narragansett, RI, and Margarete Heber, EPA, and
Washington, DC, february 1990 (ICp Program, version 1.1b).

?a {Champia parvuig) reproduction test in natural seawater (30
9/ 40 salinity). The reference toxicants used were copper sulfate (Cu) 2 and sodium dodecyl sulfate (SDS):-"3 [71.
Cu (ug/l} SDS (mg/1)
Test NOEC . 1Cae ICso NOEC ICx ICsp
1 1.00 2.62 4.02 0.60 0.05 0.50
2 0.50 0.71 1.66 0.60 0.48 0.81
3 0.50 2.83 3.55 0.30 0.69 0.89
4 0.50 0.99 4.15 0.15 0.60 0.81
n 4 4 4 4 4 4
Mean: 0.63 1.79 - 3.35% 041 0.46 0.75
CV{%): NA 61.09 34.45 NA 62.29 22,92

1Cm:oper concentrations were 0.5, 1.0, 2.5, 5.0, 7.5, and 10 ugfl. Concentrations of Cu were made from a 100 ug/mi CuSO, standard obtained from Inorganic Ventures,

Inc., Brick, N,

2 tests were conducted at 23 4+ 19C in natural seawater with irradiance set at 40 uiimzfs.

35Ds concentrations were 0.0375, 0.075, 0.15, 0.30, 0.60, and 7.20 mg/l. Concentrations of SDS were made from a 44.64 1+ 3.33 mg/ml standard obtained from U.S. EPA.
EMSL, Cincinnati, OH.

Prepared by Steven H. Ward and Glen Thursby, EPA, Narragansett, R (ICp Program, version 1.1b).

A-1-6
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FATHEAD MINNOW (Pimephales 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 promelas) embryo-larval survival and
teratogenicity test performed in using Diquat as the reference

toxicant [2].

Test LGy
Number (mg/t)
1 0.58
2 2.3
3 1.50
4 1.7
5 1.43
n 5
Mean: 1.51
CV{%): 41.3

Table A-1-20. Single taboratory precision of the fathead
minnow (Pimephales promelas) embryo-larval survival and

teratogenicity test performed in using cadmium chloride as the

reference toxicant [2].

Test LG, NOEC
Number (mg/1} (mg/1)
1 0.014 . 0.012
2 0.006 0.012
3 0.005 0.013
4 0.003 0.0
5 0.006 0.012
n: 5 5
Mean: 0.0068 0.012
CV(%): 62 NA

NOEC Range: 0.011 - 0.013 mg/l (this represents a difference of ‘one exposure

concentration),
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FATHEAD MINNOW (P/mephales promeias)
Seven-day Larval Survival and Growth Test
Single Laboratory Precigion Data

Table A-1-21. Single laboratocy precision of the fathead
minnow (Pimephales promelas) iarval survival and growth test
performed in using NAPCP as the reference toxicant [2].

Test NOECT
Number {ug/t)
1 ' 256
2 128
3 256
4 128
5 128
" 5
Mean; : 179.2
CV(%): NA

*Raw data unavailable, IC25 and IC5q values could not be calculated.

NOEC Range: 128 - 256 ug/! (this r.epresenr.s a difference of one exposure
concentration}). )

Table A-1-22. Results of the performance evaluation for contract laboratories conducted for the California Regional Water Quality
Control Board. All tests were conducted using potassium chromate (expressed as Cr+6) and testing the fathead minnow {Pimephales

promelas) in the 7-day subchronic tests [3]. .

X Control Ctrl. 1C25 (C1) NOEC IC5 (€D

Lab Water Food Age Weight n {mg/l as Cr*6) Endpoint (mg/l as crt6)
1 Tap! x <24 0.590 3 3.7 (2.3-4.7) 3G 5.4 (4.5-8.3)
Z MHRW x <24 0.623 32 1.63 (1.4-2.0) <3G 3.3 (2.8-4.0)
3 MHRW X <24 0.2744 4 223 (1.7-3.1) <3G 4.7 (3.9-5.6)
4 Tap3 3X <24 0.670 2 4.1 (2.3-5.0) 6G 6.6 (5.0-8.4)
5 MHRW -6 <24 0.773 4 1331218 | A6 63 (2.5-3.3)
6 MHRW 3X y<24 0.635 - 2 7.1 (2.0-8.2) 6G 9.9 (8.5-11)
7 MHRW 3X <24 0.390 3 4.5 (3.5-5.4) 3G 7.4 (6.6-8.1)
8 well” F:3 <24 0.346 5 253 (1.9-3.3) <3G 8.1 (6.4-15)
9 MHRW 3X <24 0.415 4 6.6 (5.3-7.6) 6G 9.2 (8.4-10)
10 | MHRW 3% <24 0.255 2 4.6 (4.1-5.9) 3G 7.88 (5.2-12)
Mean: | 5.1 6.9
CV (%): | ' 27 3

1 Moderately hard tap water.

2 Control with three replicates and all concentrations with two replicates,

3 value is extrapolated and Is not included in coefficient of variation calcutation.
4 Weight measurements made with questionable techniques.

5 Dechlorinated Lake Ontarlo tap water,

 Not reported.

7 well water mixed with spring whter, moderately hard.

8 value may be skewed as middle concentration had 45 percent survival but no weights reported.
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Table A-1-23. Interlaboratory precision data of the fathead minnow (Pimephales promelas) 7-day larval survival and growth test.

Seven-day Larval Survival and Growth Tist

Interlaboratory Precision Data

Combined frequency distribution for survival NOECs for all participating laboratories [2].

Sample

Sodium Pentachlorophenate !
Sodium Pentachlorophenate 2

Potassium Dichromate !
Potassium Dichromate 2
Refinery Effluent 301
Refinery Effluent 401
Utility Waste 501

NOEC Frequency (%) Distribution

Tests with 2 Reps

Tests with 4 Reps

Median

35
42
47
41
26
37
56

11(a)
53
42
47
41
68
53
33

>2(b)

12
16

6
18

6
10
LA

Median
57
56
75
50
78
56
56

+ Ha)
29
44
25

50
2
44
33

>2(b)

14

b

1 Percent of values with one concentration intervals of the median.

2 Percent of values within two or more concentrations Intervals of the median.

Table A-1-24. Interlaboratory precision data of the fathead minnow (Pimephales promelas) 7- day farval survival and growth test.

Combined frequency distribution for weight NOECs for all participating laboratories [2).

N - B - e e

NOEC Frequency (%) Distribution

Tests with 2 Reps

Tests with 4 Reps

Sample Median +1(a) . >2(b) Median + 1(a) >2(b)
Sodium Pentachlorophenate 1 59 4 0 57 43 0
Sodium Pentachlorophenate 2 37 63 0 22 a5 33
Potassium Dichromate ! 35 47 18 88 0 12
Potassium Dichromate 2 12 47 4 63 25 12
Refinery Effluent 301 35 53 12 75 25 0
Refinery Effluent 401 7 47 16 ‘33 56 1
Utility Waste 501 11 61 28 33 56 11

1 Percent of vaiues with one concentration intervals of the median.

2 percent of values within two or more concentrations intervals of the median.
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CERIODAPHNIA (Ceriodaphnia dubis)
Seven-day Reproduction Test
Single Laboratory Precision Data

Table A-1-25. Single laboratory precision of (Ceriodaphnia dubia)
reproduction test performed in using sodium pentachlorophenol as
the reference toxicant {2].

Test Number NOEC IC25 ' ICsg
(mg/D {mg/h) (mg/0)
19 030 0.3754 0.4508
46A 0.20 0.0938 0.2608
468 0.20 0.2213 0.2897
0.20 0.2303 0.2912
55 0.20 0.2306 0.3177
56 010 0.1345 0.1744
57 0,20 0.2241 0.2827
n 7 7 7
Mean: 0.20 02157 0.2953
CV(%): NA 411 27.9

NOEC Range: 0.25 - 0.30 mg/! (these values all fell within the same
concentration range).

Prepared by Florence Kessler, TAlL, Cincinnati, OH, January 11, 1980 {Cp
Program, version 1.1b).

Table A-1-26. Single laberatory precision, from six discrete laboratories, of the (Ceriodaphnic dubia) reproduction test performed using sodium
chloride (NaCl) as the reference gaxlcant. Tests were conducted in 1989 [4], . ‘

: Test NOEC 1C2s ICs0 ‘ Test NOEC iC25 IC5g
Laboratory | Number (mg/M {ma/h {mg/l) Laboratory | Number {mg/D (mg/l) (mg/h
A 1 0.50% 0.61 0.77 D 1 0.50R 0.58 0.84
2 1.00% 1.00 1.34 2 0.25® 0.30 0.60
3 1.00R 0.81 1.32 3 1.005 0.84 122
4 1.00R 0.67 1.28 4 1.005 1.04 1.38
5 1.00R 1.19 1.47 5 1.00% 1.04 137
6 o.so0R 1,06 1.38 6 0.50% 0.76 104

n: [ 1 [ n 6 6 [
Mean: 0.83 0.89 1.26 Mean: 0.71 0.76 108
CV(%): NA 25.83 19.73 CV(90): NA 37.55 28.56
B 1 1.00R 1.28 1.63 ‘ E 1 1.00% 0.44 0.74
2 1.005 1.01 1.51 2 1.00% 1.04 1.37
3 0.50% 0.69 0.88 3 1.00% . 1.06 1.37
4 0.50° 0.81 1.16 4 1.005 1.13 1.42
5 1.00R 1.3 1.84 5 1.00% 1.13 1.42
6 1.00R 112 1.57 6 1.00% 1.19 1.46

n: 6 6 6 " 6 6 €
Mean: 0.83 1.04 1.43 Mean: 1.00 1.00 1.30
CV(%): NA 2411 24.37 CV(%): NA 21.96 21.20
C 1 1,005 1.23 1.49 F 1 0.50R 0.61 1.3
2 0.50° 0.46 1.02 2 0.50% 0.63 1.20
3 1.00% .25 1.50 3 0.50° 0.66 0.83
4 0.50% 1.13 1.44 4 0.50% 0.65 0.81
5 1.00° 1.22 1.49 5 0.50R 0.74 1.04
6 " 1.008 1.21 1.51 6 0.50R 0.50 0.73

n; ] [ 6 n 6 1 6 [-]
Mean: 0.83 i.13 1.41 Mean: 6.50 0.63 0.95
CV(%): NA 16.54 13.62 CV(%): NA 12.40 19.32

R = Reproduction was the most sensitive endpoint.
" 5 = Survival was the most sensitive endpoint,
Prepared by William Peltier, EPA, Region IV, November 28, 1990 (ICp Program, version 1.1b).
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CERIODAPHNIA (Ceriodaphnia dubis)
Seven-day Larval Reproduction Test interlaboratory Precision Data

Table A-1-27. [nterlaboratory precision of (Ceriodaphnic dubia)
reproduction test, using sodium chloride (NaCl) as the
reference toxicant. The single lab precision data are presented
in the preceding table {4).

Table A-1-28 Interlaboratory precision of (Ceriodaphnia dubia)
reproduction test, using an industrial effivent as the reference
toxicant and sodium chloride (NaCl) as a reference toxicant.
Tests were conducted in May 1987 [3),

NOEC ICxe 1Csp Effluent Reference Toxicant
Laboratory (mg/l) (mg/t) {mg/l) Lab iCs0 (%) | 1Czs (%) | ICso (9)1 | s (%)
A 0.83 0.89 1.26
A 6.20 4.9 33,0 28
B 0.83 1.04 1.43
B 8.40 6.2 388 30.8
C 0.83 113 T.41
D 7.69 58 363 294
D 0.7 0.76 1.09
E 6.34 5.0 36.6 28.0
E 1.00 1.00 1.30 * .
¢ 0.50 0.63 0.95 F 4.00 1.2 8.1 1.2
- : : - ) 284 1.9 351 25.2
n: 6 6 - 6 K 6.89 5.3 18.4 13.2
Mean: 0.80 0.9 1.24 M 5,70 1.9 38.1 31.0
CV(%): NA 2053 1 5.1 7 N 7.43 5_9 27.8 10.4
: * A
Prepared by William Peltier, EPA, Region 1V, November 28, o 0.04 0.02 35.1 27.3
1990 (ICp Program, version 1.1b). n: 9 9 9 ]
Mean: 617 34 328 247
CV{%): 29 67 21 3

*Values were excluded from mean calculations because they fell. outside of + 2
standard deviations, For this reason, these values are considered statistical
outliers and, according to EPA’s toxicity methods guidance [2] on reference
toxicant control charts, are excluded.

Table A-1-29. Results of the performance evaluation for contract laboratories conducted for the California Regional Water Quality
Contro! Board. All tests were conducted using sodium chloride and testing Ceriodaphnia dubia in the 7-day chronic
tests [3).

X Young/ 1C55 (Ci) NOEC
Lab Water Food Age Control (g/1 NaCl) Endpt
1 Tap! YCT/Algae 0-4;<24 17.80.20¢ (0.14-0.35) <0.25R "
2 Hard w3 TF/Algae 04 26.51.3 0.78-1.7) " 1.0R
3 DMw4 -YCT/Algae 0-6 24.90.212 (0.17-0.54) <0.25 R
4 Tap? YCT 04 17.20.49 (0.35-1.0) 05R -
5 HRW YCT 0-4;<24 19.80.42 (0.20-1.1} 0.5R
6 Surface® YCT/Algae 1 0-6 14.80.90 (0.66-1.1} 025R
7 MHRW YCT/Algae 4.8 17.20.56 (0.24-0.64) 0.25R
8 MHRW YCT <24 © 16.80.212 (0.11-0.32) 0.25R
9 MHRW YCT 0-4 12.80.71 (0.56-0.81) 0.50 R
10 pmw YAT/Algae 0-4 31.50.91 . {(0.45-1.1) 1.0R
Mean: 0.76
CV(%): 40
? Moderately hard tap water. MHRW = Moderately hard reconstituted water
2 pose response curve limited. HRW = Hard reconstituted water
Hard well water., ww = Well water
4 Ten percent diluted mineral water, YT = Yeast-Cerophyl-Trout chow
5 Dechlarinated Lake Ontatio tap water, YAT = Yeast-Alfalfa-Trout chow
Brignes reservoir water, TF = Trout food suspension
R = Reproductive endpoint Algae = Selengstrum capricornutum
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CERIODAPHNIA (Cerlodaphnia dubla) (continued)
Seven-day Larval Reproduction Test Interiaboratory Precision Data

Table A-1-30. interlaboratory precision data for Ceriodaphnia dubla summarized for
eight materials, including reference toxicants and effluents (5].

Test Mean Mean
Material e V% ICy V%
L | Sodium chloride 1.34 299 1.00 343
2 Industriat 16 83.3 32 78.1
3 Sodium chioride 0.96 574 0.90 44,4
4 Pulp & Paper 60.0 28.3 47,3 27.0
5 Potassium dichromate 35.8 30.8 234 32.7
[ Pulp & Paper 70.2 7.5 55.7 12.2
7 Potassium dichromate 53.2 259 T 29.3 46.8
8 industrial 69.8 37.0 67.3 36.7
n 8 8
Mean: 37.5 39.0
Standard Devlatlon; 23.0 19.1

SELENASTRUM CAPRICORNUTUM
Growth Test
Single Laboratory Precision Data
Table A-1-31. Single laboratory precision of (Sélenastrum

capricornutum) growth test performed in using cadmium as
the reference toxicant [2].

Test ECso | Contral Variation
Number (g/n) (%6CV)

1 23 4.8

2 2.4 9.6

3 2.3 5.5

4 2.8 133

.5 2.6 4.4

6 21 8.2

7 2.1 144

8 2.1 7.1

9 2.6 11.9

10 24 5.0

1" 2.7 36.4*

12 2.4 77.8* .
n=10 .
Mean: 237 8.42
CV(%): 10.2 44,1

*Outller values are excluded from mean because they fell outside of a QA
control table for these reference toxicants.

Note: Sodium chioside concentrations were 1, 2, 4, 8, and 16 g/l in all tests.
Prepered by Dr. Comelius Weber, EPA, Cincinatti, OH, March 15, ¥991.
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Table A-2-1. Percent mortality in 100 percent collected 1989
by grab method (personal communication W. Peltier, EPA,
Athens, GA). Results indicate variability over 24 hours and
differences in species sensitivity over time. Tests were
conducted according to methods described in Reference 6.

Table A-2-3. LCgqs for a POTW effluent over 7 months. Al
tests were conducted using Ceriodaphnia dubia and tests were
run for 48 hours. Al tests were conducted according to the
methods described in Reference 6. Dates with roman numeral
notation mean that more than one sample was collected at
different times over a short interval (1 to 2 days). (Data

% Mortality in 100% Effluent source: [8].)
Date Time | P. promelas | D. pulex | €, dubia Sampie Date 48 hours LCyg (9)
3/07/89 | 1230 0 15 100
3/07/89 | 1830 0 85 100 :gig:{;??‘u ;:
3/08/8% | 0030 0 65 100 10/06/87-111 - 7
3/08/89 | 0630 0 30 80 10/30/87-1 87
3/20/89 ;1230 0 o 100 12/03/87-1 61
3/20/89 | 1830 0 100 100 12/03/87-11 35
3/21/89 | 0030 0 25 100 01/12/88-I 61
3/21/89 | 0630 0 70 100 01/13/88-1 58
6/19/89 | 1230 0 5 100 02/03/88-1X 50
6/19/89 | 1830 0 40 100 02/03/88-X 50
6/20/89 : 0030 0 100 100 03/03/88-1il 87
6/20/89 | 0630 0 100 100 03/03/88-IV 81
7/25/89 | 1230 0 0 100 03/23/88-1 25
7/25/89 | 1830 0 100 100 03/23/88-t 35
7/26/89 | 0030 0 100 100 04/28/88-1 50
7/26/8% | 0630 0 55 100 04/28/88-11 55
05/17/88-1 6t

Table A-2-2. LC;ps for a POTW effluent over 17 months. All 05/17/88-l 35
tests were conducted using Ceriodaphnio dubia and tests were Mean LCsy : 58.0
run for 48 hours. All tests were conducted according to the CV (%): 31.4
methods described in Reference 6. Dates with roman numeral n: 18
notation mean that more than one sample was collected at -
different times over a short interval (1 to 2 days). (Data
source: [8].)

Sample Date 48 hours LCsq (%0)

08/23/86- n

03/09/87-1 71

05/02/87- 35

05/03/87-) 65

05/04/87-1 Pl

05/23/87-1 7

05/23/87-1t 71

05/23/87-1 61

06/27/87-) 36

06/27/87-1 4

06/27/87-11 18

09/22/87- 71

12/18/87-1 87

01/05/88-1 68

01/05/88-1l 63
Mean LCqg : 60.0
CV (%): 3a
n: 15
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Table A-2-4, LC5qs for a POTW effluent over 12 months.
Tests were conducted using either Ceriodaphnia dubig or
fathead minnows or both. Cenlodaphnia 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 LCsqs for the two species compare.
All tests were conducted according to the methods described
in Reference 6. Dates with roman numeral notation mean that
more than one sample was collected at different times over a
short interval (1 to 2 days). (Data source: [8),)

1Cs0 (%)
Sample Date| C. dubla P. promelas
48 hours 48 hours 96 hours
03/16/88-1 62 35 25
06/09/88-1 18 - <
09/08/88- 68 »>100 >100
10/04/88-1 61 - -
10/04/88-1) 63 - -
12/14/88-| 70 58 34
12/14/88-11 17 60 |
02/17/89-1 35 61 39
02/17/89-1 35 61 37
03/22/89-1 35 81 64
03/22/89-1l 47 61 - 40
Mean LCsg: 46 59.6 40.0
CV (%): 42 224 29.7
n " 7 7

® Data not available. .
Note: Creater than (>) values were excluded from the mean LCsg calculation,

Table A-2-5. LCsgs for a POTW effluent 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
order to evaluate how the LC5qs for the two species compare,
All tests were conducted according to the methods described
in Reference 6. Dates with roman numeral notation mean that
mote than one sample was collected at different times over a
short interval (1 to 2 days). (Data source: [8].)

LCso (%)

Samiple Date| C. dubla P. promelas

48 hours 48 hours |_ 96 hours
09/01/88-| 2.1 >100 77
11/15/88-i 92 67 37
11/16/88-1 61 >100 100
11/30/88-H >100 >100 33
11/30/88-1l1 95 >100 .>»100
12/08/88-1 100 87 54
12/08/88-H >100 87 53
12/13/88-1 90 >100 77
12/13/88- 87 85 51
01/10/89-1 75 58 -
01/10/89-I1 6 41 -
01/19/89- 100 88 68
01/19/89-1 87 84 69
01/25/89-| >100 87 64
01/25/89-11 95 85 56
01/31/89- 90 70 60
01/31/89-1 63 70 60
Mean: 78.4 75.8 61.3
CV (%): - 33.1 19.6 27.7
n 14 12 14
*Not obtained.

Note: Greater than (>} values were not included in the mean LCsp calculation.
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Table A-2.6. NOECs for a POTW effluent conducted 20 times
over 1 year. All tests were conducted using Champio parvulo
according to methods described in Reference 1. All effluent
samples were 24-hour composites collected post-chiorination,

Table A-2-7. NOECs for a POTW effluent over 1 year. All
tests used Arbocia punctuloto according to methods described
in Reference 1. All effluent samples were 24-hour compaosites
collected post-chlorination, -(Data source: ERL-Narragansett,

RE.)

(personnal communication—Glen Thursby, SAIC,
Narragansett, Rl).
% Effluent

Test Date I ICso NOEC
12/09/85 0.65 1.23 1.25.
12/10/85 0.38 0.76 1.25
12/11/85 0.69 1.50 2.50
12/12/85 0.41 ‘0.82 1.25
12/13/85 3.09 412 5.00
‘12/15/85 2.16 4.09 5.00
07/16/86 2,99 433 5.00
07/17/86 3.59 4.68 5.00
07/18/86 44 4.76 5.00
07/19/86 47 4 5.00
07/20/86 .24 3.98 7.50
07/21/86 n 3.20 5.00
07/22/86 .84 5.9 5.00
9/09/86 .07 3.02 2.50
09/10/86 a7 413 7.50
09/11/86 73 3.62 7.50
09/12/86 57 1.89 1.25
09/14/86 25 1.76 2.50
n: 18 18 18
Mean: 2.2 3.1 4.2
cve: | 528 46.8 NA

Table A-2.8. NOECs for a POTW effluent over 1 year. All
tests used Mysidopsis bahia according to methods described in
Reference 1.

% Effluent
Test Date ICas ICs NOEC

12/09/85 1.09 1.1 0.65
12/10/85 1.41 2.84 0.65
12/11/85 0.75 1.09 0.65
12/12/85 3.28 4.06 1.30
12/13/85 2.65 532 2.50
12/14/85 1.1 1.60 0.65
12/15/85 1.29 1.84 0.65 -
07/16/86 017 0.35 <0.30
07/17/86 o 0.46 <0.30
07/18/86 0.63 0.86 <0.30
07/19/86 1.09 1.68 <0.30
07/20/86 0.54 1.13 <0.30
07/21/86 0.40 0.58 <0.30
07/22/86 0.40 0.56 <0.30
09/09/86 0.3 0.41 <0.30
09/11/86 0.47 0.79 <0.60
09/12/86 0.21 0.48 <0.20
09/13/86 3.30 542 1.30
09/14/86 0.23 0.35 <0.20
09/15/86 0,10 0.15 <0.20
11/11/86 0.27 0.54 1.30
11/13/86 0.88 1.48 0.30
11/14/86 0.82 1.61 0.60
11/15/86 0.34 0.56 <0.30
Mean: 0.91 1.49 0.95
CV (%) 101.3 96.9 NA

m 24 24 11

Al effluent sampiles were 24-hour composites

collected post-chiorination. (Data source: ERL-Narragansett,

“R1)
% Effluent
Test Date IC2s 1Csp NOEC
12/09 - 12/16/85 1.78(C) 2.93(C) 1.0
07/16 - 07/23/86 2.75(R) 6.3(5) 3.2
09/09 - 09/16/86 0.69(R) | 20.1(S) 10.0
1111 - 11/18/86 0.66(R) | - 0.99%(R) 3.2
Mean: 1.47 7.58 4.4
CV (%0): 68.0 113.8 NA
n: 4 4 4

R-Reproductive endpoint

S-Sutvival endpolint
G-Growth endpoint

Note: Less than (<) values were excluded from CV and mean NOEC caltulations.
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Table A-2-9. NOECs for a POTW effluent over 1 year. All
tests used Menidia beryliina according to methods described
in Reference 1. Ali effluent samples were 24-hour composites
collected post-chlorination. (Data source: ERL-Narragansett,
RI.)

% Effluent

Test Date 1Cas ICso NOQEC
12/09 - 12/16/85 154 2.3 10.0
07/16 - 07/23/86 15.2 21.0 10.0
09/09 - 09/16/86 14,2 201 10.0
11/11 - 11/18/86 NC NC 10.0
Mean: 14.9 .20.8 10.0
vV (%): 43 3.0 NA
n 3 3 4

NC - Value is not calculable.

Table A-2-10. LCsps 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 LC50s for the
two species compare. All tests were conducted according to
the methods described in Refererice 6. Dates with roman
numeral notation mean that more than one sample was
collected at different times over a short Interval (1 to 2
days). (Data source: [8].)

LCsq (%)
Sample Date| C. dubia P. promelas
48 hours 48 hours 96 hours

12/01/87 15 35 16
01/05/88 35 .36 19
02/09/88-| 35 35 <12
02/09/88-) s 35 <12
03/02/88-) 17 - -
03/02/88-I1 <12 38 =
03/24/88- 35 35 Ny
05/06/88-1 35 - -
07/14/88-| 55 61 25
07/28/88-| 37 35 22
07/28/88-11 28 3 <25
0%/29/88-1 41 39 25
12/01/88-1 75 56 34
12/07/88-1 18 67 13
01/27/89-| 100 61 37
01/27/89-1 71 60 25
03/23/89-| 58 54 20
Mean LCysqy: 43 45 24
CV (%) 54 28 2
n: 16 15 10

* Data not available.

Note: Less than values excluded from mean LCgq calcutations.

Table A-2-11, LCsps for a refinery effluent conducted over 6
months using fathead minnows (Pimepholes promelas),
Ceriodaphnia dubio, and mysids (Mysidopsis bahia), according
to methods described in Reference 6.- (Data source: Dorn,

1989.)
i L)
(% Effluent)

Test Date C. dubia P. promelas M. bahla
1/24/86 - 26,6 -
2/26/86 65.0 24.5 -
3/05/86 509 - - -
3/12/B6 393 36.6 -
3/19/86 66.5 40.5 -
4/02/86 65.4 32.8 -
4/09/86 69.8 342 -
4/17/86 71.2 37.2 -
4/23/86 71.8 359 38.0
5/14/86 82.0 38.7 35.8
5/28/86 65.4 22.0 -
6/11/86 82.0 - 24.7
Mean NOEC: 66.3 32.9 328
CV (%): 18.7 19.5 21.6
n: 11 10 3

Table A-2-12. NOECs for a refinery effluent conducted over 6
months -using fathead minnows (Pimephales promelas),
Ceriodaphnia dubia, and mysids (Mysidopsis bahig), according.
to methods described in References 1 and 2. (Data source:
Dorn, 1989.)

LCso
(% Effluent)

Test Date C. dubia P. promelas M. bahia
1/24/86 - 14,1 -
2/26/86 - 10.1 7.1 -
3/05/86 5.6 - -
3/12/86 - 10.1 14.1 -
3/19/86 10.1 14 -
4/02/86 18.0 141 -
4/09/86 10.1 141 -
4/17/86 10 7.1 -
4/23/86 101 7.1 24.0
5/14/86 3.7 14,1 24.0
5/28/86 18.0 21 -
6/11/86 31.7 - 13.4
Mean NOEC: 15.1 1.3 20.5
CV (%): 59.6 ny 29.8
n: 1 10 3
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Table A-2-13. LCsgs for a manufacturing effluent conducted over 2
ears. All tests were conducted using Daphnia ma]qna according to-
methods described in Reference 6. (Data source: [8].)

LCso
Test Date (% Effluent)

1982 (1st quarter) 56
1982 (4th quarter) 90
1982 (4th quarter) 70
1983 (3rd quarter} 69
1983 (3rd quarter) 36
1983 (3rd quarter) 36
1983 (3rd quarter) 32
1983 (3rd quarter) <18
1983 (3rd quarter) 28
1983 (3rd quarter) 67

| 1983 (3rd quarter) <10
1983 (4th quarter) 46
1983 (4th quarter) 75
1983 (4th quarter) 78
1983 (4th quarter) 24
1983 (4th quarter) 26
1983 (4th quarter) 32
1983 (4th quarter) 19
Mean LCsy: 45.1 + 24.3
CV (%): 539
n: 18

Note: Less than (<) values were excluded from the mean LCsq calculations,

Table A-2-14. LCsps for a manufacturing effluent conducted over 8
years. All tests were conducted using Pimephales promeias according
to methods described in Reference 6. {Data source: [8].)

LCso
Test Date (% Effluent)

1979 (1st quarter} 72.0
1979 (st quarter) 62.0
1979 (1st quarter} 52.0
1979 (3rd quarter) 39.0
1981 (2nd quarter) 64.0
1981 (4th quarter) 70.0
1982 {2nd' quarter) 44,0
1982 (2nd quarter) 66.0
1985 (15t quarter) 59.6
1985 (4th quarter) >100.0
1986 (2nd quarter) 49.2
1986 (2nd quarter) 63.8
1986 (2nd quarter) 50.0
1986 (3rd quarter) 75.7
1986 (3rd quarter) 80.0
1986 (3rd quarter) 79.0
1986 (4th quarter) 71.0
Mean LCsp: 64.5 £ 151
CV (%): 235
n: 17

Note: Greater than (>) values were excluded from the mean LCgq calculations.

Table A-2-15. LCs0s for a manufacturing effluent conducted
over 5 years. All tests were conducted using Pimephales
promelgs according to methods described in Reference 6.

(Data source: [8].)

LCso
Test Date (% Effluent)

1980 (st quarter) 18.0
1980 (2nd quarter) 11.0
1980 (3rd quarter) 32.0
1980 (4th quarter) 16.0
1981 (1st quarter) 32,0
1981 (2nd quarter) 23.0
1981 (3rd quarter) 17.0
1981 (4th quarter) 46.0
1982 (1st quarter) 2.0
1982 (2nd quarter) 320
1982 (3rd quarter) 28,0
1982 (4th quarter) 52.0
1983 (1st quarter) 34.0
1983 {2nd quarter) 33.0
1983 (3rd quarter) 20.0
1983 (4th quarter) 43.0
1984 (1st quarter) 450
1984 (2nd quarter) 19.0
1984 (3rd quarter) 61.0
1984 (4th quarter) 20.0
Mean LCsy: 296+ 14.2
CV (%): 47.9
n 20

Table A-2-16. LCsps for a manufacturing effluent conducted

over 5 years. All tests were conducted using Daphnia magna
according to methods described in Reference 6. (Data source:

(8]
LCsp

Test Date . (% Effluent)
1981 (2nd quarter) 100.0
1981 (3rd quarter) >100.0
1982 (3rd quarter) »>100.0
1984 (4th quarter) 80.0
1985 (15t quarter) 75.0
1986 (1st quarter) 25.0
1986 (2nd quarter) 82.0
1987 (st quarter) 75.0
1987 (1st quarter) 24.0
1987 (15t quarter) >100.0
1987 (1st quarter) >100.0
Mean LCsp: ' 65.9 + 29.5
CV (%): 44 8
n 1

Note: Greater than (>) vaiues were excluded from the mean LCsp calculations.
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Table A-2-17. LCsps for a manufacturing effiuent conducted Table A-2-18. LCsgs for a manufacturing effluent conducted
over 7 years. All tests were conducted using Daphnic pulex - over 3 months. All tests were conducted using Daphnia
according to methods described in Reference 6. (Data source: magna according to methods described in Reference 6. (Data
{81y , source: [8].) -
LCso LCso
Test Date (% Effluent) Test Date . (% Effluent)
1980 (1st quarter) 55.0 1982 (4th quarter) ‘ >100.0
1980 (4th quarter) 33.0 1982 (4th quarter) 81.0
1981 (st quarter) 60.0 1982 (4th quarter) 57.0
1981 (1st quarter) 240 1982 (4th quarter) 61.0
1981 (1st quarter) »100.0 1982 (4th quarter) 87.0.
1981 (2nd quarter) >100.0 . 1982 (4th quarter) %0.0
1981 (3rd quarter) >100.0 1982 (4th quarter) 20.0
1982 (3rd quarter)” >100.0 ~ 1982 (4th quarter) >100.0
1986 (3rd quarter} >100.0 1982 (4th quarter) _ " »100.0
1986 (3rd quarter) >100.0 1982 (4th quarter) 54.0
Mean LCqy: . 4304173 1982 (4th quarter) - 740
CV (%): 40,2 1982 (4th quarter) >100.0
n 10 | Mean LCgq: 74,3 +15.
Note: Greater than (>) values were excluded from the mean LCsq calculations. §V (%): ?gs

Nate: Greater than (>} values were excluded from the mean LCsq calculations.
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fable A-3-1. Example of Acute-to-Chronic Ratlos

Oll Refinery!

Fathead
Minnow Ceriodaphnia Mysids
1.89 9.09 1.58
3.47 3.89 1.49
2.60 6.58 1.84
2.87 3.63
2.33 6.91
2.43 7.05
5.26 71
5.08 3.63
2.74 2,59
in 5.5
51 4.4
>10.0
> 7.1
>33
»2.0
> 3.0
28
5.42
Mean ACR: 33 53 1.64
n 11 13 3
Range: 1,89-5.26 | 2.59->10.0 1.49-1.84

] .
* Personal communication P, Dorn.

2 personal communication M.L.C. Ramos and E. Bertoletti (Sao Paulo, Brazil).

Note: Greater than (>) values were excluded from mean calculations.

Table A-3-2. Examples of Acute-to-Chronic Ratios
Chemical Manufacturers

Fathead
Minnow

Ceriodaphnfa

0.17
0.07
8.4
7.6
»>3.0
39
»>3.0
1.8

> 1.0
>1.0
»10.0
>50.0
»>29
>1.4
1.4
1.4
39
28

> 20
>4.0
4.0
14
55
1.8
>33
>33
>33
1.4

> 2.0
5.5
1.5
1.4
5.0
»>10.0
> 2.0
> 3.3
3.17
14,01
4.3
2.51
1.8
5.5"
5.4!

Mean ACR:
174
Range:

37
6 :
0.07 - 8.4

3.72
20
1.4 ->50

1 personal communication M.L.L.C. and E. Bertoletti (Sac Paulo, Brazil).

2 Greater than (») values were excluded from the mean calculation.
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Table A-3-3. Example of Acute-to-Chronic Ratics

POTWs
Fathead
Minnow Ceriodaphnia
29 1.4
6.1 5.5
1.5 »>1.0
13.0 >1.0
1.8 »>1.0
2.6 1.8
9.3 1.4
>1.0 2.0
> 3.0 2.4
53 3.0
33 3.0
5.4 55
> 3.0 49
- 3.0 > 2.0
> 8.0
> 2.0
> 1.0
>3.3
> 2.0
4.4
16.1
>4.0
>33
>10.0
2.6
57
2.8
>10.0
> 2.0
1.4
2.6
>33
1.8
55
1.5
> 3.3
, 5.5
Mean ACR: 4.9 18
n; 1n 21
Rangg: 1.5-9.3 1.4-16.1

¢ Greater than (>) values were excluded from mean calcutations.
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CLEAN WATER AcT (33 U.S.C. 1251 seq.)

Statutory Authority for the Use of Toxicity Testing and Whoie Effluent Toxicity
Limitations in NPDES Permits:

Over the years, a developmental process has occurred regarding the use of biological techniques to assess
efftuent dischargas and set permit limits. The acquisition of data and the development of new techniques has
contributed to the refinement of toxicity testing methods, thus enabling EPA to more fully act in accordance
with its mandates to implement statutory requirements relating to the attainment and maintenance of water
quality.

Toxicity testing of Whole Effluents and Whole Effluent toxicity limitations in National Pollutant Discharge
Elimination System (NPDES) permits are essential components in the control of the discharge of toxic
pollutants to the nation’s waters. The use of toxicity testing and Whole Effluent toxicity limitation in the
NPDES program is clearly authorized by the Clean Water Act (CWA).

Relevant provision of the CWA that provide the statutory authority for using toxicity testing and Whole
Effluent toxicity limitations include the following: ‘

= Section 101(a) sets forth not only the goal of restoring and maintaining the "chemical, physical, and
biglogicail integrity of the Nation's waters” (emphasis added), but also in Section 101(a)(3) the
national policy of prohibiting the “"discharge of toxic pollytants in foxic amounts® (emphasis added).

+ As defined at Section 502(15), hiological monitoring means that "determination of the effects on
aquatic life, including accumulation of pollutants in tissue, in receiving waters due to the discharge
of pollutants (A) by techniques and procedures, inciuding sampling of organisms representative of
appropriate levels of the food chain appropriate to the volume and the physicat, chemical, and
biotogical characteristics of the effluent, and (B) at appropriate frequencies and locations.”

» Section 304(a)(8) requires EPA to develop information on methods, including biclogical monitoring
and assessment methods, to establish and measure water quality criteria for toxic pollutants on bases
other than pollutant by pollutant criteria.

+ Section 303(c)(2)(B) states, "Nothing in this section shall be constryed to limit or delay the use of

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)(1XC) and Section 402, ali NPDES permits must comply with any more stringent
limitations necessary to meet applicable water quality standards, whether numeric or narrative..

o 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 blological data when necessary for the establishment of effluent limits, the detection of
violations, or the assurance of compliance with water quality standards.

« Section 510 provides the authority for states to adopt or enforce any standards or effluent limitations
for the discharge of pollutants only on the condition that such limitations or standards are no less
stringent than those in effect under the CWA,

B-1-1
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POLICIES FOR Toxics CONTROL
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[OW-FRL-2633-1)

Davelopment of Water Ouality-Based
Permit LimHiations for Toxic Poltutants;
National Policy

aggncy: Environmentsl Protection
Agency (EPA).
action: Notice.

suMMANY: 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 Naticnal
Pollutant Discharge Elimination System
(NPDES) permit program.

FOR FUNTHER INFORMATION CONTACT:
Bruce Newton or Rick Brandes, Permits
Division (EN-336), Office of Water
Enforcement and Permits, U.S.
Environmental Protection Agency,
Washington, D.C. 20460, 426-7010.

B-2-1
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SUPPLEMENTARY INFORMATION: As the
water pollution control effort in the
United States progresses and the
"traditional” pollutants (oxygen
demanding and eutrophying materials)
become sufficiently treated to protect
water quality, attention ia shifiing
towards pollulants that impact water
quality through toxic effects. Compared
with the traditional pollutants,
regulation of toxic pollutants is
considerably more difficull. The
difficulties include (1) the great number
of toxic chemicals that may potentially
be discharged to receiving waters and
the difficulties in their analysis; (2) the
changes in the toxic effects of a
chemical resulting from reactions with
the matrix of constituents in which it
exisis; 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
heaith assessment techniques to
complement chemical enalyses of
effluents and recetving water samples.
Because these technigues or their
application to effluent testing are new,
EPA and the States have been cautious
in their use, Based on EPA’s evsluation
of these techniques and the experiences
of several States, EPA is now
recommeding the use of biological
techniques as a complement to
chemical-specific analyses to assess
effluent discharges and express permit
limitations. EPA has lssued these
recommendations through a statement
of policy and is developing a technical
guidance document to help implement
the l;;c;lio::y.

The complete test of the national
policy statement follows:

Policy for the Development of Water
Quality-Based Permit Limitations for
Toxic Pollutants ;

Statement of policy

" To controf 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 use an integrated strategy
consisting of both biological and
chemical methods to address toxic and
nonconventional pollutants from
industriat and municipal sources. Where
State standards contain numerical
criteria for toxic pollutants, Na-ional
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 bioclogical techniques and
available data on chemical effects to
assess toxicity impacts and human
health hazards based on the general
standard of “no toxic materials in toxic
amounts.” ’

EPA, in its oversight role, will work
with States to ensure that these
techniques are used wherever
appropriate. Under section 308 and
section 402 of the Clean Water Act (the
Act), EPA of 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 ona
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
waler 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
reguire 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 parmit to’
incorporate additional limitations if
needed to meet waler quality standards.
(Toxicity data, which are considered
“new {nformation” in accordance with
40 CFR 122,62(a)(2); could constitute -
cause for permit modification where
necessary.}

To carry-out this policy, EPA Regional
Administrators will assure that each
Region has the capability to conduct
water quality assessments using both
bfologicel and chemical methads and
provide technical assistance to the
States,

Background

The Clean Water Act estublishes two
principat bases for effluent limitations.
First, existing dischargers are required
to meet technology-based effluent
limitations that reflect the best controla
available considering economic impacts.
New source dischargers must meet the
best demonstrated technology-based
controls. Second, where necessary.
additional requirements ere imposed to
assure attainment and maintenance of
water quality standards established by
the States and approved oy EPA. In
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establishing or reviewing NPDES permit
limits. EPA must ensure that the limits
will result in the attainment of water
quality standards and protect
designated water uses, including an
adequate margin of safety.

For toxic and nonconventional
poliutants it may be difficult in some
situations to determine attainment or
nonattainment of water quality
standards end set apprepriate 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 ta examine
the whole effluent toxicity end instream
impacts using biological methods rather
than attempt to identify all toxic
pollutants, determine the effects of each
poliutant individually, and then attempt
to eseess 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 & valid
indication of receiving system impacts,
This information can be useful in
developing regulatory requirements to
protect aquatic life, especially when
data from toxicity testing are analyzed
in conjunction with chemical and
ecological data. Generic human health
effects methods, such as the Ames
mutagenicity test, and structure-activity
relationship techniques are showing
promise and should be used to identify
potential hazards. However, pollutant-
specific techniques are the best way lo
evaluate and control human health
hazards at this time.

Biological testing of effluents is an
important aspect of the water quality-
hased approach for controlling toxic
poliutants, 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 toxig
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 chemicsls
and effluent toxicity to assure
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compliance with water qualiiy
standards. .

Note.—Section 308 of the Act and
corresponding State statutes authorize EPA
and the States to require of the owner/
operator any information reasonubly required
te determine permit limits and {0 determine
compliance with standards or permit limits.
Riological methoda are specifically
mentioned. Toxicity permit limits ure
authorized under Section 30 and 402 and
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 o
concerns raised by litigants to the
Consolidated Permit Regulations [see FR
52079, November 18. 19882]. Use of these
methugs for developing water quality
stundards and trend monitoring are
discussed elsewhere (see 48 FR 51400,
November 8. 1983 and Bosic Water
Monitoring Program EPA-440/9-76-025).
This policy is part of EPA's water
quality-based control program and dves
not supersede other regulations, policy.
and guidance regarding use
attainability, site-specific criteria
modification, wasteload allocation. und
waler quality management.

Implementation
State Role

The control of toxic substances to
protect water quality must be done in
the context of the Federal-State
partnership. EPA will work
cooperatively with the States in
identifying potential waler quality
standards violations. assembling
relevant data, developing appropriate
testing requirements, determining
whether standards are being violated,
und defining appropriate permit limits,

Note.==Under sections 303 and 401 of the
Act, States are given primary responasibility
for developing water quality standards and
limits to meet those standurds. EPA's role i3
to review the State standards and limits and
develop revised or additiona! standards or
l;‘mlx as needed to meet the requirententa of
the'Act.

Integration of Approaches

The type of testing that is most
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 1o assess
and control water quality. The principa)
advantages of chemical-gpecific

techniques are that {1) chemica!l
snalyses are usually less expensive than
biological measyrements in simple
cases; (2} treatment systems sre more
exsily designed to meet chemical
requirements than toxicity requirements:
and [3] human healih hazards and
binaccumutlative pollutants can best be
addressed at this time by chemical-
specific analysis. The principal
advantages of biological technigues are
that (1) the effects of complex
discharges of many known and
unknown constituents can be measured
only by biological analyses: (2)
bivavailability of pollutants after
discharge is beat measured by toxicity
testing; and {3) pollutants for which
there are inadequate chemica) analytical
methods or criteria can be addressed.

Pollutant-specific chemical analysis
technigues should be used where
discharges contain few. well-quantified
pollutants and the interactions and
effects of the pollutants are known. In
uddition. pollutant-specific techniques
should be used where health hazards
are 4 concern or bioaccumuiation is
suspected. Biological technigues should
be used where effluents are complex or
where the combined effects of multiple
discharges are of concern. EPA
recognizes that in many cases both
types of analysis must be used.

Testing Requirements

Requirements for dischargers to
collect information to assess attainment
or nonattainment of State water quality
standards will be imposed only in
selected cases where the potential for
nonattainment of water quality
standards exists. Where water quality
problems are suspected but there is &
strong indication that complying with
BCT/BAT will sufficiently mitigate the
impacts, EPA recommends that :
applicable permits include testing
reguirements effective afier BCT/BAT
compliance and reopener clauses
allowing reevajuation of the discharge.

The chemical, physical, and biological
testing to be conducted by individual
dischargers should be determined on a
cuse-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 poliutants, 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.

B.2.3

An assessment of water quality .
should, 1o 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 Publicly
Owned Treatment Works (POTW's)
with a significant contribution of
industrial waste-water. Recent studies
have indicated that such POTW's are
often significant sources of toxic
materials, When developing monitoring
requirements, interpreting dats, and
determining limitations, permit
engineers should work closely with
water quality staff at both the State and
Federal levels.

A digcharger may bte required to
provide data upon request under gection
308 of the Act, or such a requiremant
may be included in its NPDES permit, .

_The development of a final assessment

may require several iterations of data
collection. Where potential problems are
identified, EPA or the State may require
monitoring to determine whether more
information is needed concerning water,
quality effects. :

Use of Data

Chemical, physical. and biological
data will be used to determine whether,
sfter compliance with BCT/BAT
requirements, there will be violations of
State water quality standards resulting
from the discharge(s}. The narrative
prohibition of toxic materials in toxic
semounts contained in sll State
standards is the basis for this
determination taking into account the
designated use for the receiving water.
For example, discharges to waters
clessified for propagation of cold water
fish should be evaluated in relation to
acute and chronic effects on cold water
organisms. potential spawning areas,
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
efftuent toxicity is an appropriate
control parameter, permit limits on
effiuent (oxicity should be developed. In
such cases, EPA may also fequire a
permitiee to conduct a toxicity reduction
evaluation. A toxicity reduction
evaluation is an investigation conducted
within & plant or municipal system to
isolate the sources of effluent toxicity,
specific causative potlutants if possible,
and determine the effectiveéness of
pollution control options in reducing the
effluent toxicity. If specific chemicals
are identified as the cause of the water
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quality standarda violation, these
{ndividug! pollutants should be limited.
1f & toxicity reduction evaluation
demonsirates that limiting an indicator
parameter will ensure attainment of the
water quality-based efftuent toxicity
requirement, limits on the indicator
parameter should be considered in lieu
of limits on effluent toxicity. Such
indicator limits ure not limits on
causative pollutants but limits
demonstrated to result in & specific
toxicity reduction.

Monitoring

Where pollution control requirements
are expressed in terms of & chemical or
toxicological parameter, compliance
monitoring must include monitoring for .
that perameter. If an indicator
parameler is used based on the results
of & toxicity reduction evaluation,
periodic toxicity testing may be required
1o confirm the adequacy of the indicator.
Whetre biological data were used to
develop & water quality assessment or
where the potential for water quality
standards violaitons exist, binlogical
monitoring {including instream
menitoring} may be required to ensure

“continuing compliance with water
quality standards.

EPA believes that the intelligent
application of an integrated strategy
using both biologicel and chemioal
techniques for water quality assessment
will facilitate the development of
appropriate conirols and the attainment
of water quality standards. EPA looks
forward to working with the States in a
spirit of cooperation to further refine
these techniques.

Policy signed February 3, 1884 by Jack E.
Ravan, Assistant administrator for Wller
Dated: February 16, 1944,
Jack E. Ravan,
Assistamt Administrator for Water.
(FRL Doc. 84-6443 Filird 3-8-4; 445 amj
BILLING CODE §5460-50-M
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R UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
74 WASHINGTON, D.C. 20460
i g
G 2 1 1989 orrceor
MEMORANDUM

SUBJECT: WNew Regulations Governing Water Quality-Based

Permitting in the EPEES Permitting Program
FROM: Jame dQ’T irector

ce of Water Enforcement
and Permits

TO: Water Management Division Directors
Regions I - X

On May 26, 1989 the Deputy Administrator signed regulations
that implement section 304(1) of the CWA. The regulations became
effective upon his signature and were published in the Federal
Register on June 2, 1989 (54 Fed. Reg., 23868). This rulemaking
also clarified and reinforced EPA's existing regulations
governing water duality-based permitting. The purpose of this
memorandum is to describe the significance of these
clarifications to EPA's baseline water quallty-based permitting
regulations, -

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. Prior to the promulgation of these new regulations
the subsection was non-specific, requiring only that NPDES
permits be issued with regquirements more stringent than
promulgated effluent guidelines as necessary to achieve water
- quality standards. We have strengthened considerably the
requirements of §122.44(d4). The new language is very specific
and requires water quality-based permit limits for specific
toxicants and whole effluent toxicity where necessary to achieve
state water quality standards. The following is a section-by-
section description of the new requirements.

8-3-1
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1. §122.44(d4)(1) (i}

This new paragraph provides that all pollutants that cause,
have the reascnable potential to cause, or contribute to an
excurgion above a water guality 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(4)(1)(ii)

Subparagraph (ii) of the new regulations requires the states
to use valid procedures to determine whether a discharge causes,
has the reasocnable potential to cause, or contributes to an
excursion above a water quality standard. These procedures must
account for existing controls on point and nonpoint sources of
pollution, the variability of the pollutant in the effluent, the
sensitivity of the test species (when evaluating whole effluent
toxicity), and where allowed by state water quality standards,
the dilution of the effluent in the receiving water. The purpose
of this new regulation is to require the states to use
technically valid procedures when determining whether a discharge
is exceeding a numeric or narrative water quality criterion.

When the permitting authority determines, using these procedures,
that a discharge causes, has the reasonable potential to cause,
or contributes to an excursion above a water gquality criterion,
that permit must include one or more water quality-based effluent
limits established under subparagraphs (iii) - (vi}.
Subparagraphs (iii) and (iv) deal with water quality-based
limitations where the state has numeric water quality criteria;
subparagraphs (v) and (vi) deal with a state's narrative water
quaity criteria. .

3. §122.44(4)(1){iii)

This paragraph requires NPDES permits to include effluent
limitations for every individual pollutant that causes, has the
reasonable potential to cause, or coritributes 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
iimit is necessary, subparagraph (iii) requires an effluent limit
for that individual pollutant.

4. §122.44(a)(1)(iv)

Subparagraph (iv) requires effluent limitations on whole
effluent toxicity when a discharge is exceeding a state numeric
criteria for whole effluent toxicity. This paragraph is applied

8-3.2
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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)(1)(v)

When the state determines that a discharge exceeds a
narrative water guality criterion, subparagraph {v) requires
effivent limitations on whole effluent toxicity. If, however,
chemical-specific effluent limitations are demonstrated to be
sufficient to achieve all applicable water quality standards,
then subparagraph (v) allows the permitting authority to forego a
limitation on whole effluent toxicity. It may be necessary for
you to work with an individual state to ensure that they have the
necessary protocols to support whole effluent toxicity limits.

6., §122.44(d)(1)(vi)

Where an actual or projected excursion above a narrative
water quality criterion is attributable to a particular
pollutant, but the state has not adopted a water gquality
criterion for the pollutant of concern, this new regulation
requires water quality-based effluent limitations which will
control the pollutant of concern. Subparagraph (vi) establishes
three options for developing such limitations. Under these
options, a state may: 1) calculate a numeric criterion for the
pollutant; 2) use EPA's water quality criterion for the pollutant
of concern; or 3) establish effluent limits on an indicator
parameter.

By an indicator parameter we mean a pollutant or pollutant
parameter for which control of this indicator will result in
control of the pollutant of concern. For example, it may be
shown that a more stringent control on total suspended solids
will reduce discharge of a metal to a level which achieves the
water quality standard. Subparagraph (vi) also sets cut four
provisions which must be met. to allow the.use.of an indicator:

- 1) The permit must identify which pollutants are intended
to be controlled by a limit on the indicator parameter.

2) The fact sheet must set forth the basis for the limit,
including a finding that compliance with the limit will
result in controls on the pollutant of concern that are
sufficient to achieve the water quality standard.

3) The permit must require all monitoring necessary to
show continued compliance with water quality standards.

B-3.3
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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 gtate's narrative water gquality criterion serves as the 1egal
basls for establishxng such effluent limits.

7 §122-44(d)(1)(vii)

Subparagraph (vii) requires that all water quality-based
effluent limitations adhere to two fundamental principles: 1) the
effluent limitations must be derived from and comply with all
applicable water quality standards; and 2) the effluent
limitations are consistent with the assumptions and requirements
of an applicable wasteload allocation (WLA) if a WLA is available
for the pollutant.

CHANGES TQ 40 C.F.R. PART 123

We amended the permit objection regulationsg at 40 C.F.R.
§123.44 to reflect the amendments to §122.44{&d){1). Under
§123.44(c)(8) EPA may now object to a state~issued permit if the
permit does not meet the requirements of §122.44(4){1l). Thus, if
a state does not use technically sound procedures for evaluating
the need for water quality-based effluent limitations then EPA
may object to the permit. Also, if a state fails to include
chemical-specific or whole effluent toxicity limitations in a
permit as required by paragraphs {(iii) - (vi), then EPA may
cbject to the permit. Finally, if a water guality based effluent
limitation is not derived according to the principles in
subparagraph {(vii) then EPA may object to the permit.

If a state's surface water toxics control program is not
adequate to implement these requirements, the new regulations at
40 C.F.R. §123.63 expand EPA's criteria for withdrawing a state's
NPDES program. Under the new regulations (§123.63(a)(5)), EPA
may withdraw a state's NPDES program if the state fails to
develop an adequate regulatory program for developing water
gquality-based effluent limitations. In November 1987,
Headquarters provided procedural and technical guidance to the
Regions on conducting state toxics control program reviews to
assess the adequacy of state water gquality~based control
programs. This guidance sets guidelines for assessing whether or
not a state's regulations, policies, and technical guidance
constitute an adegquate program.

The significance of these additions to Part 123 is twofold.
First, the Regions must issue permits which comply with these
requirements and must work with the NPDES states to insure they
also issue permits which comply with these regulations. If the
states do not issue permits consistent with Part 123, the Region
must veto insufficient permits and work with the states to

B-3.4
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reissue the permits with water quality-based effluent limitations
which achieve water quality standards. The specific requirements
in §122.44(4) are structured in a way that implements EPA's
Policy for the Development of Water Quality~Based Permit
Limitations for Toxic Pollutants (49 Fed. Reqg. 9016 March 9,
1984). Second, Regions will need to 100k closely at each state's
surface water toxics control program to ensure that the state's
regulations, policies and technical guidance result in the
congistent and comprehensive development of NPDES permits which
achieve the state's water quality standards. Where this does not
occur, each Region should work with the state to rectify the
problem and, after these negotiations and where necessary,
investigate the possibility of withdrawing the NPDES program.

- I hope these regulations will assist you in developing water
quality-based effluent limits and will support your efforts to
implement surface water toxics control programs. If you have
questions or need more information about these requirements,
please contact Cynthia Dougherty at FTS 475-9545 or have your
staff contact Rick Brandes at FTS 475-9537.

cc: Permits Branch Chiefs, Regions I - X
Martha Prothro, OWRS

B-3.5
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ENVIRONMENTAL PROTECTION and Standards, (WH-553), U.S.
AGENCY gnvirogaen‘t;l P;Io;egtcﬁon Agency, 40t Lil
treet SW., Was on. DC 20460, (202,

[FRL-3587-81 362-7086. 1&.. Pulll}llglucord for this
40 CFR Pa 123 and 130 regulation {s available at the EPA

rts 122, - library, M2904, U.S. Environmental
National Pollutant Discharge Protection Agency, 401 M Street SW.,
Elimination System; Surtace Water ‘Washington, DC 20460,
Toxics Control Program
AGENCY: Environmental Protection
Ajency.
AcTION: Final Rule.

SUMMARY: Today's action amends Parts
122, 123, and 130 of EPA's regulations,
The regulations clarify EPA's surface
water toxics control program, and
incorporate section 308(s) of the Water
Quality Act of 1987 into EPA's toxics
control program. Section 308{a) of the
Water Quality Act added section 304(1)
to the Clean Water Act (hereafter
referred to as section 304{]). Section
304{}) requires the states to identify
those waters that are adversely affected
by toxic, conventional, and
nonconventional pollutants, and
requires the states to prapare individual
control strategies that will control point
source discharges of toxic pollutants.
The states must submit lists of waters
and individual control strategies to EPA
for review, and if EPA disapproves a
state's decision with respect to a list or
an individual control strategy, then EPA
must implement the requirements of
section 304{1) in cooperation with the
state. EPA and the states must
accomplish the tasks in section 304{1)
according to an ambitious series of
deadlines. Today's regulations will
strengthen State and Federal controls
over discharges to toxic pollutants, and
will assist EPA and the étates in
satisfying the requirements of section -
304(1) of the CWA.

£FFECTIVE DATE: These regulations shall
be effective on May 26, 1989 at 1:00 p.m.
Eastern Daylight Savings Time. In
accordance with 40 CFR 23.2, EPA

" hereby specifies that these regulations
shall be considered final agency action
for purposes of judiciel review at 1:00
p.m. Eastern Daylight Savings Time on
May 26, 1889,

FOR FURTHER INFORMATION CONTACT:
Paul Connor, Program Development
Branch, Office of Water Enforcement
and Permits, (EN-338}, U.S.
Environmental Protection Agency, 401 M
Street, SW., Washington, DC 20460,
(202) 475-8537, or Judith Leckrone,
Assessment and Watorshed Protection
Division, Office of Water Regulations

8.3.6
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PART 122—EPA ADMINISTERED
PERMIT PROGRAMS: THE NATIONAL
POLLUTANT DISCHARGE
ELIMINATION SYSTEM

1. The authority citation for Part 122
continues to read as follows:

Autbority: The Clean Water Act, 33 US.C.
12581 &f seq.

2. Section 122.2 is amended by adding
}n nalphabeﬂcal ‘order a new definition as
ollows:

§ 1222 Definitions.

- - L ] * -

Whole affluent toxicity means the
aggregate toxic effect of an effiuent
measured directly by a toxdcity test..

3. Paragraph (d)(1) of § 122.44 is
revised to read as follows: '

§ 122.44  Establishing limitationa,

{spplicabi 't'o”suu NPDES programs,
.

$123.25). u see

L ] . ] L ] L ]

(d] * & #*

(1) Achieve water quelity standards
established under section 302 of the
CWA, including State narrative criteria
for water quality. .

(i) Limitations must contro! ali
pollutants or pollutant parameters
{either conventional, nonconventional,
ar toxic pollutants} which the Director
determines are or may be discharged at
a level which will cause, have the

25295
reasonable potential to cause, or permitting authority must establish
contribute to an excursion above effluent limits using one or more of the
State water quality standard, following oiiﬂom:

State narrative criteria for water quality. {A) Establish effluent limits using a
{il) When determining whether & calculated numeric water quality
causes, has the reasonabie criterion for the pollutent which the
potential to cause, or contributes to an permi authority demonstrates will
in-s‘Team excursion above a narrative or  attain and maintain applicable narrative
numeric criteria within a State water water qualla‘cmeﬂ: and will
quality standard, the permitting protect the designated use. Such a
suthority shall use procedures which criterion may be derived using a
account for existing controls on point sed State criterion, or an explicit
and nonpoint sources of pollution, the gtnte policy or regulation interpreting its
variability of the pollutant or pollutant narrative water quality critetion,

parameter in the effluent, the sensitivity
of the species to toxicity testing (whea
evaluating whole sffluent toxicity), and
whete appropriate, the dilution of the
effluent in the receiving watet.

{ifi) When the permitting authority
determines, using the procedures in
paragraph (d){1)(ii) of this section, that a
discharge causes, the reasonabie
potential to cause, or contributes to an
in-atream excursion above the allowable
ambient concentration of a State
numeric criteria within a State water
quality standard for an individua!
pollutant, the permit must contain
effluent limite for that pollutant.

(iv) When the permitting authority
determines, using the procedures in
paragraph [d}(;l))gi of this section, that 8
discharge causes, has the reasonable
potential to cause, or contributes to an
in-stream excursion above the pumeric
criterion for whole effluent toxicity, the
permit must contain effluent limits for
whole effluent toxicity.

{v) Except as provided in this
subperagraph, when the permitting
authority determines, using the
procedures in paragraph (d){3)(li} of this
section, toxicity testing data, or other
information, that a discharge causes, has
the reasonable potential to cause, or
contributes to au in-stream
above a narrative criterion within an
applicable State water quality standard,
the permit must contain effluent limits
for whole effluent toxicity. Limits on
whole effluent toxicity are not neceéssary
where the permitting authority
demonstrates in the fact sheet or
-tatem';nt of basis of it:e NFDES 1,
us ¢ procedures in paragrap
{d)(1)(if) of this section, that chemical-
specific limits for the effluent are
sufficient to attain and maintain
applicable numeric and narrative Siate
witer quality standards.

(vi} a State has not established
a water quality criterion for a specific
chemical pollutant that is present in an
effluent at a concentration that causes,
has the reasonable potentisl to cause, or

contributes to an excursion above a
narrative criterion within an applicable
State water quality standard, the

B-3.7

supplemented with other relevant
ormation which may include: EPA's
Water Quelity Standards Handbook,
October 1083, risk assessment data,
exposure data, information about the

.pollutant from the Food and Drug :

Administration, and current EPA criteria
documents; or

(B) Establish effluent limits on & case-
by-case basis, using EPA's water quality
criteria, published under section 307(a)
of the CWA, lu&plemented where
necessary by other relevant information;

or

{C) Establish effluent limitations on an
indicator parameter for the pollutarit of
congern, provided: _

g] The permit identifies which
go utants are intended to be controlled

y the use of the effluent limitation:

(2) The fact sheet required by § 124.56

Enciuding a fing that compisnce with

a t compliance wi
the effluent limit on the indicator
parameter will result in controls on the
pollutant of concern which are sufficient
to attain and maintain gpplicable water
quality standards; .

(3) The permit requires all effluent and
ambieat menitoring necessary to show
that during the term of the permit the
limit on the indicator parameter
continues to attain and maintain
applicable water quality standards; and

p&] The permit contains a reopener
clause allowing the permitting authority
to modify or revoke and reissue the
permit if the limits on the indicator
parameter no longer attain and maintain
applicable water Tn_llty standards.

p?vﬂ] When developing water quality-
based effluent limits ynder this
pnngn'ﬁ the parmitting authority shall
ensure

t:

A) The level of water quality to be
ac%davsd limits on point sources
estab under thiy paragraph is
derived from, and complies with all
epplicable water quality standards; and

} Effluent limits developed to
protect & parrative water quality
criterion, & numeric water quality
criterion, or both, are consistent with the
assumptions and requirements of any
available wasteload allocation for the
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discharge prepared by the State and
approved by EPA pursuant to 40 CFR
1307,

L * - - *

4. The title of h {e) of § 12244
is reviaed to read as %ol&m:

(@) Technology-based conirols for
toxic pollutants. * * *

PART 123-8TATE PROGRAM
REQUIREMENTS

1. The authority citation for Part 123
continues to read as follows:

Authority: Clean Water Act, 33 U.8.C. 1251
et seq.

2. Section 123.44 is amended by
adding paragraph (c)(8) to read as
follows:

§ 123,44 EPA review of and objections to
State permite,

- L] L ) L] .

c . % &

(8) The effluent limits of a permit fail
to satisfy the requirements of 40 CFR
122.44(d).

3. In § 123.46 paragraph (a) is revised
and paragraphs (c), (d). (¢) and (f) are
added, as follows:

§ 12346 Individual controf strategles.

{a) Not later than February 4, 1889,
each State ghell submit to the Regional
Administrator for review, approval, and
implementation an individual contral
strategy for each point source identified
by the State pursuant to section
304{L)(1)(C}) of the Act which will
produce & reduction in the discharge of
toxic pollutants from the point sources
identified under section 304{1)(1)(C)
through the establishment of effluent.
limitations under section 402 of the
CWaA and water quality standards
under section 303(c)(2)(B) of the CWA,
which reduction is sufficient, in
combination with existing controls on
‘point and nonpoint scurces of pollution,
to achieve the applicable water quality
standard as soon as possible, but not
later than three years after the date of
the establishment of such strategy.

-

* » -+ *

(c) For the purposes of this section the
term individual contro! strategy, as set
forth in section 304{1) of the CWA,
means or;nﬁgngl NPDES I:lerml.}‘ with e
supp ocumentation showing that
sffluent limits are consistent with an
approved wasteload allocation, or other
documentation which shows that
applicable water quality standards will
be met not later than three years after
the individual control strategy is
established, Where a State is unable to
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issue a final permit on or before
February ¢, 1069, an individual control
strategy may be a draft permit with an
attached schedule (provided the State
meets the schedule for issuing the final
permit) indicating that the permit wiil be
issued on or before Pebruary 4, 1990.If a
point source is subject to section
304{1){1){C) of the CWA and i» also
subject 10 an on-site response action
under sections 104 or 100 of the
Comprehensive Environmental
Response, Compensation, and Liability
Act of 1980 {CERCLA), (42 U.S.C. gem et
seq.), an individual control strategy may
be the decision document {which
incorporates the applicable or relevant
and appropriate requirements under the
CWA under sections 104 or-
108 o! CLA to address the-release or
threatened release of hazardous
substances to the environment.

{d) A petition submitted pursuant to
section 304(1)(3) of the CWA must be
submitted to the appropriate Regional
Administrator, Petitions must identify a
waterbody in sufficient detail so that
EPA is able to determine the location
and boundaries of the waterbody. The
petition must also identify the list or
lists for which the waterbody qualifies.
and the petition must explain why the
wat satisfies the criteria for
listing under CWA, section 304(]) and 40

. CFR 130.10{d)(8).

{#) If the Regional Administrator
disapproves one or more individual
control strategies, or if a State fails to
provide adeguate public notice and an
opportunity to comment on the ICSs,
then, not later than June 4, 1989, the
Regional Administrator shall give a
approval or disapproval of the
individual control strategies submitted
by each State pursuent to this section as
follows:
dlg) The :tl)ﬂce of apprn:r;lls or "

i val given under this paragrap|
‘hnlrmm the following:

(i) The name and address of the EPA
office that reviews the State's
submittals, '

{ii} A brief description of the section
204(]) process,

{tii) A list of ICSs disapproved under
this section and a that the ICSs

‘will tiot meet all applicable review

criteria undier this section and section
304{1) of the CWA.
{iv) If the Regional Administrator
determines that a State did not provide
adequate public notice and an
to comment on the waters,

finding that the JCSé satisfy ail
spplicable review criteria.

(v) The location where interested
persons may examine EPA's records of
approval and disapproval.

{vl) The name, address, and telephone
oumber of the person at the Regional
Office from whom interested persons
may obtain more information.

{vii) Notice that written petitions or
comments are due within 120 days.

(2) The Regional Administrator shall
provide the notice of approval or
disapproval given under this paragraph
o the appropriate State Director. The
Regional Administrator shall publish a
notice of availability, in a daily or
weekly newspaper with State-wide
circulation or in the Federal Register, for
the notice of approval or disapproval.
The Regional Administrator shall also
provide written notice to each
discharger identified nnder section
304{1)(1)(C), that EPA has listed the
discharger under section 304{1)(1}(C).

(3) As soon as practicable but not
later than June 4, 1990, the Regional
Offices shall issue a response to
petitions or comments received under
section 304(f). The response to
comments shall be given in the same
manner a; (th)e éo'ii;e described in ;
paragraph (e section except for
the following changes:

(i) The lists of 1CSs reflecting any
thanges made pursuant to comments or
petitions receivad.

(i) A brief description of the
subsequent steps in the section 304(1)
pmoess.

{f) EPA shall review, and approve or
disapprove, the individual control
strategies prepared under section 304(1)
of the CWA, using the applicable
criterta set forth in section 304(l) of the
CWA, and in 40 CFR Part 122, including
§122.44(d). At any time after the
Regional Administrator disapproves an
ICS {or conditionally apraves a draft
permit as an ICS), the Regional Office
may submit & written notification to the
State that the Regional Office intends to
insue the ICS. Upon mailing the
notification, and notwithstanding any
other regulation, exclusive authority to
issue the permit passes to EPA.

4. Section 123.83 is amended by

adding paragtaph (a)(5) to read as
follows: .

§123.83 Criteria for withdrawal of state
programs. -

['] * & &

(5) Where the State fails to ?:velop an
adeguate regulatory progrem for
developing water quality-based efflvent
limits in NPDES permits, :
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. I UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

{M WASHINGTON, D.C. 20460

g January 25, 1989
OFFICE OF
WATER

MEMORANDUM

SUBJECT: ole Effluent Toxicity Basic Permitting Principles and

forcement Strategy
L N - ey
FROM: Rébecca W. Hanmer, Acting Assistant Administrator
Office of Water
TO: Regional Administrators

Since the issuance of the "Policy for the Development of
Water Quality-based Permit Limitations for Toxic Pollutants" in
March of 1984, the Agency has been moving forward to provide
technical documentation to support the integrated approach of
using both chemical and bioclogical methods to ensure the
protection of water quality. The Technical Support Document for
Water Quallty-based Toxics Control (September, 1985) and the
Permlt Writer 's Guide toO Wwater Quality-based Permltting for Toxic
Pollutants (July, 1987) have been instrumental in the initial
impiementation of the Policy. The Policy and supporting
documents, however, did not result in consistent approaches to
permitting and enforcement of toxicity controls nationally. When
the 1984 Pollcy was issued, the Agency did not have a great deal
of experience in the use of whole effluent toxicity limitations
and testing to ensure protection of water quality. We now have
more than four years of experience and are ready to effectively
use this experience in order to improve national consistency in
permitting and enforcement.

In order to increase consistency in water quality-based
‘toxicity permitting, I am issuing the attached Basic Permitting
Principles for Whole Effluent Toxicity (Attachment 1) as a
standard with which water quality-based permits should conform.
A workgroup of . Reglonal 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

8-4-1
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Water Enforcement and Permits. This expanded guidance will
include sample permit language and permitting/enforcement
scenarios.

Concurrent with this issuance of the Basic Permitting
Principles, I am issuing the Compliance Monitoring and
Enforcement Strategy for Toxics Control {(Attachment 2). This
Strategy was developed by a workgroup of Regional and State
enforcement representatives and has undergone an extensive :
comment perlod. The Strategy presents the Agency's position on
the integration of toxicity control into the existing National
Pollutant Discharge Elimination System (NPDES) compliance and.
enforcement program. It delineates the responsibilities of the
permitted community and the regulatory authority. The Strategy
describes our current efforts in compliance tracklng and quality
assurance of self-monitoring data from the permittees. It _
defines criteria for review and reporting of toxicity violations
and describes the types of enforcement options available for the
resolution of permit violations.

In order to assist you in the management of whole effluent
toxicity permitting, the items discussed above will join the 1984
Policy as Appendices to the revised Technical Support Document
for Water Quallty-based Toxics Control. To summarize, these
materials are the Basic Permlttlng Principles, sample permit
language, the concepts illustrated through the permitting and
enforcement scenarios, and the Enforcement Strategy. I hope
these additions will provide the needed framework to integrate
the control of toxicity into the overall NPDES permitting
program.

I encourage you and your staff to discuss these documents
and the 1984 Policy with your States to further their efforts in
the implementation of EPA's toxics contrel 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

ce:  ASWIPCA
Water Management Division Directors

B4.2
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BASIC PERMITTING PRINCIPLES FOR WHOLE EFFLUENT TOXICITY

1. Permits must be protective of water guality.

a. At a minimum, all major permits and minors of
concern must be evaluated for potential or known
toxicity {(chronic or acute if more limiting).

b. Final whole effluent toxicity limits must be
included in permits where necessary to ensure
that State Water Quality Standards are met,
These limits must properly account for effluent
variability, available dilution, and species
sensitivity.

2. Permits must be written to avoid ambiguity and ensure
enforceability.

a. Whole effluent toxicity limits must appear in Part I
of the permit with other effluent limitations.

b. Permits contain generic re-opener clauses which
are sufficient to provide permitting authorities
the means to re-open, modify, or reissue the
permit where necessary. Re-opener clauses covering
effluent toxicity will not be included in the
Special Conditions section of the permit where
they imply that limit revision will occur based
-on permittee inability to meet the limit. Only
schedules or other special requirements will be
added to the permit.

c. If the permit includes provisions to increase
monitoring frequency subsequent to a violation, it
must be clear that the additional tests only deter-
mine the continued compliance status with the limit;
they are not to verify the original test results.

d. Toxicity testing species and proteocols will be
accurately referenced/cited in the permit.

3. Where not in compliance with a whole effluent toxicity
limit, permittees must be compelled to come into compliance
with the limit as soon as possible.

a. '‘compliance dates must be specified.

b. Permits can contain reguirements 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.

B-4-3
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ATTACHMENT 1

Explanation of the Basic¢ Permitting Principles

The Basic Permitting Principles present the minimum
acceptable requirements for whole-effluent toxicity permitting.
They bkegin with a statement of the geal 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(1l) rule
requirements for determining potential to violate Water Quality
Standards. It requires the same factors be considered in setting
whole~effluent toxicity based permits limits as are used to
determine potential Water Quality Standards violations. It
defines the universe of permittees that should be evaluated for
potential violation of Water Quality Stand..ds, .4 the.z2fore
possible whole-effluent limits, as all majors and minors of
concern.

The second permitting principle provides basic guidelines
for avoiding ambiguities that may surface in permits. Whole=
effluent toxicity limits should be listed in Part I of the permit
and should be derived and expressed in the same manner as any
other water quality-based limitations (i.e., Maximum Daily and
Average Monthly limits as required by Section 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 imply that special re-opener clauses are never appropriate.
They may be appropriate in permits issued to facilities that
currently have no known potential to violate a Water Quality
Standard; in these cases, the permitting authority may wish to
stress its authority to re-open the permit to. add a whole-
effluent limit in the event monitoring detects toxicity.

Several permittees have mistakenly proposed to conduct
additional monitoring subsequent to a violation to "verify" their
results. It is not possible to verify results with a subsequent
test whether a new sample or a split-sample which has been stored
{and therefore contains fewer volatiles) is used. For this
reason, any additional monitoring required in response to a
violation must be clearly identified as establishing continuing
compliance status, not verification of the original wviolation.

B-4-4
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The second principle also deals with the specification of
test species and protocol. Clearly setting out the requirements
for toxicity testing and analysis is best done by accurately
referencing EPA's most recent test methods and approved
equivalent State methods. In this way, requirements which have
been published can be required in full, and further advances in
technology and science may be incorporated without lengthy permit
revisions.

The third and final permitting principle reinforces the
responsibility of the permittee to seek timely compliance with
the requirements of its NPDES permit. Once corrective actions
have been identified in a TRE, permittees cannot be allowed to
delay corrective actions necessary to comply with water guality-
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
regquired when necessary on a case-specific basis.

8-4.5
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ATTACHMENT 2

Background to the Compliance Monijtoring and Enforcement
Strategy for Toxics control '

The
sets forth the Agency's strateqgy for tracking
compliance with and enforcing whole-effluent toxicity monitoring
requirements, limitations, schedules and reporting requirements.

The Strategy delineates the respective rcopon-ibilities of
permittees and permitting authorities to protect water quality
through the control of whole-effluent toxicity. It establishes
criterjia 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 ocur existing inspection and -quality assurance
efforts. It provides guidelines on the enforcement of whole-
effluent toxicity requirements.

The Strategy also addresses the concern many permittees
share as they face the prospect of new requirements in their
permit ~ the fear of indiscriminate penalty assessment for
violations that they are unable to control. The Strategy
recognizes enforcement discretion as a means of dealing fairly
with permittees that are doing everything feasible to protect
water gquality. As indicated in the Strategy, this discretion
deals solely with the assessment of civil penalties, however, and
is not an alternative to existing procedures for establishing
relief from State Water Quality Standards. The Strategy focuses
on the responsibility of the Agency and authorized States to
require compliance with Water Quality Standards and thereby
ensure protection of existing water resources.

B4-6
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01/19/89

COMPLIANCE MONITORING AND ENFORCEMENT STRATEGY
FOR TOXICS CONTROL

I. Background

Issuance of NPDES permits now emphasizes the control of toxic
pollutante, by integrating technology and water quality-based
permit limjitations, best management practices for toxic discharges,
sludge requirements, and revisions to the pretreatment implementa-
tion requirements. These requirements affect all major permittees
and those minor permittees whose discharges may contribute to ‘
impairment of the designated use for the receiving stream. The
goal of permitting is to eliminate toxicity in receiving waters
that results from industrial and municipal discharges.

Major industrial and municipal permits will routinely contain
water quality-based limits for toxic pollutants and in many cases
whole effluent toxicity derived from numerical and narrative
water quality standards. The quality standards to establish NPDES
permit limits are discussed in the "Policy for the Development of
Water Quality-based Permit Limits for Toxic Pollutants,” 49FR 9016,
March 9, 1984. The Technical Su rt Document for Water Quality-
based Toxics Control, EPA 5135735-%5555, September, 1985 and the
Permit Writer 's Guide to Water Qualit;-based perpitting for Toxic
Pollutants, Office of Water, May, 1 , provide guidance for inter-

preting numerical and narrative standards and developing permit
limits.

The Water Quality Act (WQA) of 1987 (PL 100~4, February 4,
1987) further directs EPA and the States to identify waters that
require controls for toxic peollutants and develop individual
control strategies including permit limits to achieve control of
toxice. The WQA established deadlines,; for individual control
strategies (February 4, 1989) and for compliance with the toxic
control permit requirements (PFebruary 4, 1992). This Strategy
will support the additional compliance monitoring, tracking, evalu-
ation, and enforcement of the whole effluent toxicity controls
that will be needed to meet the requirements of the WQA and EPA's
.policy for water quality-based permitting.

It is the goal of the Strategy to assure compliance with
permit toxicity limits and conditions through compliance inspec-
tions, compliance reviews, and enforcement. Water quality-based
limits may include both chemical specific and whole effluent toxi-
city limits. Previous enforcement guidance (e.g., Enforcement
Management System for the National Pollutant Discharge Elimination
System, September, 1986; National Guidance for Oversight of NPDES
Programs, May, 1987; Guidance for Preparation of Quarterly and
Semi-Annual Noncompliance Reports, March, 1986} has dealt with

847
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chemical-specific water quality-based limits. This Strategy will
focus on whole effluent toxicity limits. Such toxicity limits may
appear in permits, administrative orders, or judicial orders.

I11. Strategy Principles
This strategy is based on four principles:
1) Permittees are responsible for attaining, monitoring,
and maintaining permit compliance and for the guality
of their data.

2) Regulators will evaluate self-monitoring data quality
to ensure program integrity.

3) Regulators will assess compliance through inspections,
audits, discharger data reviews, and other independent
monitoring or review activities.

4) Regulators will enforce effluent limits and compliance
schedules to eliminate toxicity.

III. Primary Implementation Activities

In order to implement this Strategy fully, the following
activities are being initiated:

A. Immediate development

1. The NPDES Compliance Inspection Manual was
revised Ir May I988 t5 IncTude procedures for
performing chronic toxicity tests and evaluating
toxicity reduction evaluations. An inspector
training module was also developed in Auqust
1988 to support . inspections for whole effluent
toxicity.

2. The Permit Compliance System (the national NPDES
data base) was modified to allow inclusion
of toxicity limitations and compliance schedules
agsociated with toxicity reduction evaluations.
The PCS Stearing Committee will review standard
data elements and determine if further modifi-
cations are necessary.

3. Compliance review factors (e.g., Technical
Review Criteria and significant noncompliance
definitions) are being proposed to evaluate
viclations and appropriate response.

4. A Quality Assurance Fact Sheet has been developed
(Attached) to review the quality of toxicity test
results submitted by permittees.

B-4-8
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IvV.

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
guality-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.)

Scope and Implementation of Strategy

A. Compliance Tracking and Review
l. Compliance Tracking

The Permits Compliance System (PCS) will be

used as the primary system for tracking limita 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 additicnal guidance tc 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
incorpo:ating toxicity limits and monitoring information
nto PCS. y

In addition to guidance on the use of PCS,
Headquarters has prepared guidance in the form
of Basic Permitting Principles for Regions and
States that will provide greater uniformity
nationally on approaches to toxicity permitting.
One of the major problems in the tracking and
enforcement of toxicity limits is that they differ
greatly from State-to-State and Region-to-Region.
The Permite Division and Enforcement Division in
cooperation with the PCS Steering Committee will
establish standard codes for permit limits and
procedures for reporting toxicity results based on
this guidance.
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Whole effluent toxicity self-monitoring data
should undergo an appropriate quality review. (See
attached checklist for suggested toxicity review
factors.) All violations of permit limits for
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
should receive an immediate professional review.

In terms of the Enforcement Management System (EMS),
any whole effluent viclation 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 reguired through
issuance of Sectiocn 308 letters and 309{a) orders to
require further toxicity testing.

Monitoring data which is submitted to fulfill
a toxicity monitoring requirement in permits that do
not contain an independently enforceable whole-effluent
toxicity limitation should also receive immediate
professional review.

The burden for testing and biomonitoring is on
the permittee; however, -in some instances, Regions and
States may choose to respond to violations through.
sampling or performance audit inspections. When an
inspection conducted in response to a violation identi-
fies noncompliance, the Region or State should
initiate a formal enforcement action with a compliance
schedule, unless remedial action is already required
in the permit. '

B. Inspections

EPA/State compliance inspections of all major permittees
on an annual basis will be maintained. For all facilities
with water quality-based toxic limits, such inspections should
include an appropriate toxic component {numerical and/or
whole effluent review). Overall the NPDES inspection and
data quality activities for toxics control should receive
greater emphasis than in the present inspection strategy.

B-4-10
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1. Regional/State Capability

The EPA's "Policy for the Development of Water
Quality-bagsed Permit Limits for Toxic Pollutants*
(March 9, 1984 Federal Register) states that EPA
Regional Administrators will assure that each
Region has the full capability to conduct water
quality assessments using both biological and chemi-
cal methods and provide technical assistance to the
States. Such capability should also be maintained
for compliance biomonitoring inspections and toxics
sampling inspections. This capability should include
both inspection and laboratory capability.

2. Use of Nonsampling Inspections’

Nonsampling inspections as either compliance
evaluations (CEIs) or performance audits (PAIs) can
be used to assess permittee self-monitoring data
involving whole effluent toxicity limits, TREs, and
for prioritization of sampling inspections.* As
resources permit, PAIs should be used to verify
biomonitoring capabilities of permittees and
contractors that provide toxicity testing self-
monitoring data.

3. Quality Assurance

All States are encouraged to develop the
capability for acute and chronic toxicity tests
with at least one fish and one invertebrate species
for freshwater and saltwater if appropriate. NPDES
States should develop the full capability to assgess
compliance with the permit conditions they establish.

EPA and NPDES States will assess permittee
data quality and require that permittees develop
quality assurance plans. Quality assurance plans
must be avallable for examination. The plan should
include methods and procedures for toxicity testing
and chemical analysis; collection, culture, mainte-
nance, and disease control procedures for test
organisms; and quality assurance practices. The

Due to resource considerations, it is expected that sampling
inspections will be limited to Regional/State priorities in
enforcement and permitting. Routine use of CEls and PAls should
provide the required coverage.
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permittee should also have available quality control
charts, calibration records, raw test data, and
culture records. :

In conjunction with the QA plans, EPA will
evaluate permittee laboratory performance on EPA
and/or State approved methods. This evaluation is
an essential part of the laboratory audit process.
EPA will rely on inspections and other quality
assurance measures to maintain data guality. However,
States may prefer to implement a laboratory certifi-’
cation program consistent with their regulatory
authorities. Predetermined limits of data accepta-
bility will need to be established for each test
condition (acute/chronic), species-by-species.

C. Toxicity Reduction Evaluations (TREs)

TREs are systematic investigations required of permittees
which combine whole effluent and/or chemical specific testing
for toxicity identification and characterization in a planned
sequence to expeditiously locate the source(s) of toxicity and
evaluate the effectiveness of pollution control actions and/or
inplant modifications toward attaining compliance with a permit
limit. The requirement for a2 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 conmpliance. Investigative approaches include
causative agent identification and toxicity treatability.

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 intc 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.

B-4-12
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Careful attention to quality assurance will assist in
minimizing the regulatory burden. The method of
compliance assessment should be determined on a
case-by-~case basis.

D. Enforcing Toxic Control Permit Conditiona

. Enforcement of toxic controls in permits depends upon a
clear requirement and the process to resolve the noncompli-
ance. In addition to directly enforceable whole effluent
limits (acute and chronic, including absolute pass-fail
limits), permits have contained several other types of
toxic control conditions: 1) “"free from" provisions,

2} schedules to initiate corrective actions (such as TREs)
when toxicity is present, and/or 3) schedules to achieve
compliance where a limit is not currently attained.
Additional requirements or schedules may be developed
through 308 letters, but the specific milestonea should be
incorporated into the permit, administrative order or

State eguivalent mechanism, or judicial order to ensure
they are enforceable.

l. The Quarterly Noncompliance Report (QNCR)

Violations of permit conditions are tracked and
repo;ted as follows:

a. Effluent Vviolations

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 gsection IV.A.2.).

These violations must be reported on the QNCR
i£f the violation is determined through profes-
sional review to have the potential to have
caused a water quality impact.

All QNCR-reportable permit effluent violations
are considered significant noncompliance (SNC).

b. Schedule Violations

Compliance schedules to meet new toxic controls
should be expeditious. Milestones should be

' established to evaluate progress routinely and
minimize delays. These milestones should be
tracked and any slippage of 90 days or more
must be reported on the QNCR.
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The following milestones are considered SNC when
90 days or more overdue: submit plan/schedule

to conduct TRE, initiate TRE, submit test results,
submit implementation plan/schedule (if appro-
priate), start construction, end construction,

and attain compliance with permit. ~

¢. 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 QONCR}.

Only failure to submit toxicity limit self-
monitoring reports or final TRE progress reports
indicating compliance will be SNC when 30 days
or more overdue.

Resolution (bringing into compliance) of all three
types of permit violations (effluent, schedule,

and reporting/other) will be through timely and
appropriate enforcement that is consistent with

EPA Oversight Guidance. Administering agencies

are expected to bring violators back intc compliance
or take formal enforcement action against facilities
that appear on the QNCR and are in SNC; otherwise,
after two or more quarters the facility must be
listed on the Exceptions List.

2. Approaches to Enforcement of Effluent Limitations

In the case of noncompliance with whole effluent
toxicity limitations, any formal enforcement action
will be tailored to the specific violation and remedial
actions required. In some instances, a Toxicity
Reduction Evaluation (TRE) may be appropriate. However,
where directly enforceable toxicity-based limits are
used, the TRE is not an acceptable enforcement response
to toxicity noncompliance if it requires only additional
monitoring without a requirement to determine appropriate
remedial actions and ultimately compliance with the
limit.

If the Regions or States use administrative
enforcement for vioclations of toxic requirements,
such actions should require compliance by a date
certain, according to a set schedule, and an

B-4-14
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administrative penalty should be considered.l

Failure to comply with an Administrative Order

schedule within 90 days indicates a schedule delay

that may affect the final compliance date and a
judicial referral is the normal response. In instances
where toxicity has been measured in areas with potential
impacts on human health (e.g., public water supplies,
fish/shellfish areas, etc.), regions and states

should presume in favor of judicial action and seek
immediate injunctive relief (such as temporary
restraining order or preliminary injunction).

In a few highly unusual cases where the permit-
tee has implemented an exhaustive TRE plan2, applied
appropriate influent and effluent controls3, maintained
continued compliance with all other effluent limits,
compliance schedules, monitoring, and other permit
requirements, but is still unable to attain or maintain
compliance with the toxicity-based limits, special
technical evaluation may be warranted and civil penalty
relief granted. Solutions in these cases could be
pursued jointly with expertise from EPA and/or the
States as well as the permittee.

Some permittees may be required to perform a
second TRE subsequent to implementation of remedial
action. An example of the appropriate use of a
subsequent TRE is for the correction of new violations
of whole effluent limitations following a period of

lrederal Administrative penalty orders must be linked to violations
of underlying permit requirements and schedules.

25¢e Methods for Aquatic Toxicity Identification Evaluations,
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 gquality-based, chemical specific, or BAT
limits, exhibit proper O & M and effective BMPs, and control
toxics through appropriate chemical substitution and treatment.
For POTW permittees, the facility must be well-~operated to

achieve all water quality-based, chemical specific, or secondary
limits as appropriate, adequately implement its approved pretreat-
ment program, develop local limits to control toxicity, and
implement additional treatment.
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sustained compliance (6 months or greater in duration)
indicating a different problem from that addressed
in the initial TRE.

3. Enforcement of Compliance Schedule and Reporting
Requirements

In a number of instances, the primary
requirements in the permits to address toxicity
will be schedules for adoption and implementation
of biomonitoring plans, or submission of reports
verifying TREs or other similar reporting require-
menta. Regions and States should consider any
failure (1) to conduct self-monitoring according
to EPA and State regquirements, (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 AG's or State equiva-
lents can be issued for underlying permit violations
in which a formal enforcement action is appropriate.
Headquarters will also provide Regions and States
with guidance and examples as to how the current
CWA penalty policy can be adjusted.

3. Enforcement Models and Special Remedies

OWEP and OECM will develop standard pleadings
and language for remedial activities and compliance
milestones to assist Regioens 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.

B-4-16
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V.
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Summary of Principal Activities and Products

A.

cC.

D.

Compliance Tracking and Review guidance

1. PCS Coding Guidance - May, 1987; revision
2nd Quarter 1989

2. Review Criteria for Self-monitoring Data (draft
attached)

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)

Toxics Enforcement

1. Administrative and Civil Penalty Guidance - 4th
Quarter FY 1989

2. Model Pleadings and Complaints = 2nd Quarter 1989
3. EMS Revision = 2nd Quarter FY 1989

Permitting Consistency
1. Basic Permitting Principles - 2nd Quarter FY 1989

Toxicity Reduction Evaluations

1. Generalized Metholggg for Conducting Industrial
Toxicity Reduction aluations - 2n g Quarter
FY 1989 :

2. Toxicity Reduction Evaluation Protocol for
ﬁunIcIEaI Wastewater Treatment Plants -~ 2nd Quarter
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Methods for Aguatic Toxicity Indentification
aluations - :

a, Phase I. Toxicity Characterization :
Procedures, EPA-6567§—887034-
September 1988

b. Phage 11I. Toxicity Identification
: Procedures, EPA-600/3~88/035~

Znd Quarter 1989

c. Phase I11. Toxicity Confirmation Procedures-
EPA 355’3-557553 ~ 2nd Quarter

FY 1989

B.4-18
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APPENDIX B-5

QuALITY CONTROL FACT SHEETS
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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 Requirements
Sampling Location Type of Sample
Limit Test Duration
Type of Test Test Organism Age

Test Resulis
LC50/EC50/NOEC/IC25 95 Percent Confidence Interval
i n rol Sum
Date of Sample ' Dates of Test
Control Mortality % Control Mean Dry Weight
Temperature maintained within £2°C of test temperature? Yes No
Dissolved oxygen levels always greater than 40 percent saturation? Yes No

Loading factor for all exposure chambers less than or equal to maximum allowed for the test type
and temperature? Yes No:

Do the test results indicate a direct relationship between effluent concentration and response of
the test organism (i.e., more deaths occur at the highest effluent concentrations)? Yes
No

B-5-1
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APPENDIX B-6

CASE DEcCISIONS ON WHOLE EFFLUENT ToXICITY
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CASE SUMMARY

Maturs! Resources Defense Council, Inc. v. EPA, 859 F.2d 156 (D.C. Cir. 1988).

This consolidated case, which arose from EPA's pl;omulgation of various National Pollutant Discharge
Elimination System regulations, addresses a muititude of issues, The following paragraphs note issues
particularly relevant to this document. :

The Court held that EPA has the authority to express permit limitations In terms of toxicity as long as
the limits reflect the appropriate requirements of the Clean Water Act (CWA), as provided in 40 CFR
125.3(¢c)(4). The Court concluded that although toxicity appears to be an attribute of pollutants
rather than a poflutant itself, the CWA (by means of the broad definition of "pollutant® in section
502(6)) authorizes the use of toxicity to regulate effluents.

Industry asked the Court to address several other issues related to setting toxicity limitations (whether
EPA failed to demonstrate the existence of a reliable methodology for setting toxicity limits and
whether EPA's use of toxicity to set water quality-based limitations to meet "narrative” State water
quality standards represents an impermissible trespass on the State's right to set water quality
standards). However, the Court did not regard these issues to be adequately developed ("ripe") for
review in this case,

The Court disagreed with industry's assertions that EPA's 1984 policy statement ("Development of
Water Quality-Based Permit Limitations for Toxic Poliutants: National Policy," 49 Federal Register
9016 [March 9, 1984]) and draft Technical Support Document ("T5D"} were "rules" requiring notice and
comment under the Administrative Procedure Act, 5 USC 553. The Court noted that informal
rulemaking regarding 40 CFR 125.3(c)}(4), which was pending between 1980 and 1984, did not limit
Agency information gathering to the issuance of new or revised notices of proposed rulemaking, and
the two documents did not have independent legal value. (In other words, the EPA national policy
and the TSD were not binding norms but general statements of policy/guidance.)

Industry aiso 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 legisiative history, it could discern no
congressional intent to provide for the defense in water quality permitting. Significantly, in
reaching this position, the Court relied heavily upon the language and legislative history of CWA
Section 301(b){1)(C), by which Congress clearly did not relate compliance with water quality-based
limitations to the capabilities of technology. In the Court's view, "Congress had a deep respect for
the sanctity of water quality standards and a firm conviction of the need. for technology-forcing
measures.” B%5 F.2d at 208-09. However, the Court concluded that EPA had acted arbitrarily in
dismissing the defense as impracticable, and directed EPA to conduct further proceedings on the issue.

Finally, the Court rejected challenges to EPA's regulations governing State public participation
requirements and penalty levels. In deciding these issues, the Court noted Congressional desire for
nationally uniform effluent limitations as reflected in the legislative history of the 1972 CWA. The
Court stated:

Uniformity is indeed a recurrent theme in the Act, a direct manifestation of concern that the permit
program be standardized to avoid the "industrial equivalent of forum shopping” and the creation of
“pollution havens" by migration of dischargers to areas having lower pollution standards (859 F.2d at
174 [footnotes omitted] and see accompanying footnotes 17-20 citing various provisions of the
legisiative history of the 1972 CWA). '

B-6-1
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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.

Procedures

The basic ambient toxicity testing procedure is to expose test organisms to receiving water samples taken trom
selected sampling stations above, at, and below the discharge point(s). Since effluent concentrations after
discharge are often relatively low, chronic toxicity tests should be conducted so that the tests are sensitive
enough for the purpose, .

The methods available for chronic testing of sufficiently short duration are limited. Two organisms for which
short-term chronic toxicity tests are avallable are Pimephales promelas and Ceriodaphnia sp.

The following procedures are used:

s Select instream sampling stations based on the mixing characteristics involved in the specific
discharge situation.

* Collect a daily grab sample or a daily composite sample of receiving water from each station,

* Use a renewal testing method to expose test organisms to the daily samples coltected at each station.
Use an appropriate number of replicates (10 for Ceriodaphnia) for each sampling station. Ne dilution
series is required where screening is the primary goal.

¢ Conduct testing at a low-flow period, although it is not necessary to conduct the tests at the critical
low-flow period. Testing is best when relatively stable flow occurs. during the test period.

* Record the results of the testing in the format shown in Table C-1. The survival of the test organisms
and the effect on their growth or reproduction are used as endpoints. Figure C-1 plots the results in
graphic form so that the pattern of ambient toxicity can be cbserved,
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Table C-1. Young Production and Percent Survival of Ceriodaphnia in Ambient
Toxicity Tests at Ottawa River, Lima, Ohio

River Young Final e Daily Survival ___ "
Station Station Description  Mile Female $  Survivai 1 2 3 4 5 6 7
1  Above Lima 46.0 155 8.0 90 100 100 100 90 9 9 90
2  Above STP 37.7 141 2 0 100 100 100 100 20 10 0
3  Below STP 37.4 0 - ] 100 100 10 0 o o o]
3A Midway between '
STP and refinery 373 o - 0 100 100 10 o] 0 o 0
3B Above refinery 37a 04 - 0 %0 S0 40 0 0 0 0
4  Above chemical plant 36.9 7.5 3.6 10 100 100 100 100 100 50 10
4A Below chemical plant 36.3 111 46 30 100 100 100 100 100 40 30
5  Shawnee Bridge 6.4 5.7 4.0 0 9% 9 90 9 9% 60 0
6 Route 117 325 126 3.8 10 100 100 100 100 ~ 100 100 10
7 Allentown 288 168 6.1 100 100 100 100 100 100 100 100
B Rimer 160 174 95 100 9% 90 90 90 90 80 80
8A “Boonie” Station 8.0 25.0 33 100 100 100 100 100 100 100 100
¢  Kalida 1.0 256 55 100 100 100 100 100 100 100 100
281

-

e,

Number of Young Per Female
@ o

8
&
&
8
>

River Kilomalers

figure C-1. Cerlodaphnia Young Production in Water from Various Stream
Stations on the Ottawa River, Lima, Ohio
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Seilecting Sampling Stations

The selection of sampling stations is determined by the characteristics of the site. When determining stations,
consider the following facters: )

¢ Mixing and flow—The mixing characteristics of the discharge site are useful to deterrnine the

placement of sampling stations. Knowledge of concentration isopleths allows the regulatory
authority to place stations at locations instream that correspond to concentrations measured in the
dilution series in the effluent tests. For example, where effluent testing shows the effluent no

_observed effect concentration is 10 percent, an instream station should be placed where dilution is

estimated to create a 10-pércent 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 thern, treat the tributary as a point source. Obvious
nonpoint source areas also should be used to set stations. : ’

Existing biological data—Where biosurvey data are available, sampling station location should be
influenced by the more obvious trends in impact. In particular, contro! stations and recovery stations
tan be determined by biosurvey data.

Single point sources—Single point source situations should be bracketed with an above station, an
immediate mixing station, several intermediate stations corresponding to different instream
concentrations, and a recovery station. Of course, a control station should be established.

Presence of other point sources—Multiple -point source situations require the placement of more
stations between discharge points. Each source should be bracketed by sampling stations.

There are four areas or zones that can be recognized when establishing the sampling stations for ambient
toxicity testing: '

Zone 1—An upstream zone before the effluent enters

Zone 2—A zone of mixing

Zone 3—A zone after mixing and before additional dilution water enters

Zone 4—A zone where additional dilution occurs either from effluents or tributaries.

Al possible combinations of octurrences 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, wilt confound the individual effects
of a downstream discharge. For example, Zone 3 of the downstream discharge may occur in Zone 4 of
an upstream discharge. This does not invalidate the measurement of ambient toxicity. It only makes
it difficult to attribute amounts of response to each individual discharge. Response to the instream
mixture is what is measured.

Careful location of sampling stations in Zone 3 is critical. Zone 3 is the only place where toxicity
decay rates of any one discharger can be measured and then only if there are no upstream discharges, or
if there are, only if that upstream effluent is stable in that reach.

in Zone 4, not only is degradation of the effluent toxicity occurring, but there is dilution of it by
other effluents and tributaries. Depending on the site circumstances, one may not be able to learn
anything about the ambient toxicity characteristics of the effluent of concern in this zone.

To emphasize, what can be measured in each zone depends on the above considerations. in the more
complex situation, only an estimate of ambient toxicity at each station can be obtained. No
information about one effluent’s toxicity decay rate will be available where several toxic effluents
mix. In the most simple situation of one discharge and no dilution downstream for a long distance,
Zone 3 will be [arge enough to get a good measure of toxicity decay.

3
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Analysis of Ambient Toxicity Measurement

s 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
several sources discharge) may require effluent toxicity testing.

s Except when used for screening purposes, ambient toxicity measurements must be Interpreted with
effluent toxicity test data if conclusions are to be drawn concerning changes in toxic effect after
discharge. The same species must be used in both the ambient and the effluent toxicity tests.

s When analyzing the data, the performance of the animais at each station downstream is compared to
that of the animals exposed to recelving 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
cormponents and represents nat 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.

s In some cases, ambient toxicity may increase in refation to effluent toxicity measurements. Either
upstream sources of toxicity exist or some factor in the receiving water is reacting with the effluent to
increase its toxicity. Again, the pattern and magnitude of change in toxicity should be analyzed.
Differences in toxicity levels between stations will reveal what is happening to the effluent as it is
mixed instream and interacts with the constituents of the receiving water.

* Trend analysis in the raw test data is important when interpreting ambient toxicity data. As used in
this context, trend analysis means observing toxic effect as it occurs in the test itself and relating it
te what is occurring instream (plug flow, intermittent discharge, peak toxicity of effluents). Using
time-of-travel data or receiving water flow rates and patterns, observe effects on the test organisms
from day to day. There may be a pattern of mortality that can be linked to discharge events. For
exampile, 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
stug illegally -discharged -upstream. -
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DURATION AND FREQUENCY

As discussed on pages 7 through 13 of the Guidelines for Denving Numerical Notional Water Quality Criterig for
the Protection of Aquatic Orgonisms and Their Uses [1], the format used to express water quality criteria for aquatic
life should take into account toxicological and practical realities. Because of variation in the flows of the
effluent and the upstream receiving water as weil 25 variation in the concentrations of pollutants-in the
effluent and in the upstream receiving water, a simple format, such as specifying a concentration that must not
be exceeded at any time or piace, is not realistic. Furthermore, such a simple format does not take into account
the fact that aquatic organisms can tolerate higher concentrations of pollutants for short periods of time than
they can tolerate throughout a complete iife cycle, The format that was selected for expressing water quality
criteria for aquatic life consists of recommendations concerning concentrations, durations of averaging periods, .
and average frequencies of allowed excursions. Use of this concentration-duration-frequency format allows
water quality criteria for aquatic life to be adequately protective without being as overprotective a3 would be
necessary if ¢riteria were expressed using a simpler format. In addition, this format can be applied directly to
hydrological data and to the flow of, and concentrations of pollutants in, effluents using both dynamic and
steady-state modeling {2, 3].

In aquatic life criteria for both individual chemicals and Whole Effluents, the recommended concentrations are

the criterion maximum concentration {CMC) and the criterion continuous concentration (CCC). For individual
chemicals the CMC and CCC are derived using the procedures described by Stephan et al. [1]. As described in

Chapter 3 of this TSD, the CMC and CCC for Whole Effluents can be specified generically in terms of toxic
units. Alternatively, for a particular effluent the CMC Is specified in terms of an acute toxicity endpoint (ATE),

which is either an LC5( or an EC4§g, and the CCC is specified in terms of a chronic toxicity endpoint (CTE}),

which is either a no observed effect concentration (NOEC) or an 1Cxyx, if the LCSQ, EC50, NOEC, and iCxx,
were obtained from appropriate taxicity tests conducted on the effiuent with sensitive species.

The CCC is intended to be the highest concentration that could be maintained indefinitely in a receiving
water without causing an unacceptable effect on the aquatic community or its uses. Any concentration above
the CCC, if maintained indefinitely, is expected to cause an unacceptable effect. Due to the four sources of
variation mentioned above, the concentration in the receiving water will not be constant. Because organisms
can tolerate higher concentrations for short periods of time, it is expected that the concentration of a pollutant
in a body of water can exceed the CCC without causing an unacceptable effect if (a) the magnitudes and the
durations of exceedances are appropriately limited and (b) there are compensating periods of time during
which the concentration is below the CCC. These goals are accomplished by specifying a duration of an
averaging period over which the average concentration should not exceed the CCC. For example, if the
concentration is twice the CCC for one-half the specified averaging period, it must be zero for the rest of the
averaging period if the average concentration is not to exceed the CCC. Thus, both the magnitude and
duration of an exceedance are limited and there must be a compensating period of time during the averaging
period when the concentration is below the CCC. Because exceedences are defined to be due to usual variation,
most exceedences will be small, with larger exceedances becoming increasingly rare [1, 2].

Although an exceedance is defined to occur whenever the instantaneous concentration is above the CCC, an
excursion Is defined to occur only when the average concentration over the duration of the averaging period is
above the CCC, )t is expected that excursions can occur without causing unacceptable effects if (a) the
frequency of such excursions is appropriately limited and (b} all other average concentrations are below the
CCC. The recommended average frequency of allowed excursions is intended to'appropriately limit the
frequency of excursions. Because excursions are the highest average concentrations that occurred due to usual
variation, all other average concentrations will be less than the CCC. As for exceedances, excursions that are
defined to be due to usual variation will be small, with larger excursions becoming increasingly rare. The
duration of the averaging period is intended to limit the impact of exceedances, whereas the average frequency
of allowed excursions is intended to limit the impact of excursions. (Note: The words "exceedance" and
"excursion” are used slightly differently here than in References 1 and 2.)

Afthough spiils can impact aquatic communities, they are not considered exceedances or excursions because
they are not part of the usual variation in the concentrations of pollutants in receiving water. In the Complex
Effluent Toxicity Testing Program, eight field studies were conducted to evaluate the use of toxicity tests to
diagnose the cause of biclogical impact. Ambient toxicity measurements were taken over a 7-day period.

8]
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During two of these studies [4, 5] spills of pollutants resulted in acute toxicity. This suggests that the impacts
caused by spills might be as important as impacts caused by variation in the compositions and flows of the
effluent and the receiving water. :

The pnmary purpose of this appendix Is to present the rationale for the recommendations of the U.S. EPA
concerning duration and frequency in national water quality criteria for aquatic life. The recommended
duration is based on data from laboratory toxicity tests, whereas the recommended frequency is based on fleld
data. With the concurrence of the U.S. EPA, States may. adopt site-specific criteria, rather than national criteria,
in their State standards. Such site-specific criteria may Include not only site-specific concentrations, but also
site-specific, and possibly pollutant-specific, durations of averaging periods and average frequencies of
allowed excursions. |f adequate justification is provided, site-specific andfor pollutant-specific
concentrations, durations, and frequencies may be higher or lower than those given in national water quality
criterla for aquatic life. A secondary purpose of this appendix is to discuss rationales that might be used as a
basis for selecting alternative durations of averaging periods and average frequencies of allowed excursions,

Duration

in order for this concentration-duration-frequency format to allow water quality criteria for aquatic fife to be
adequately protective without being unnecessarily overprotective, the duration of the averaging period must
allow some exceedances above the CCC without afllowing unacceptable effects. Thus, the averaging period
must appropriately limit the magnitude and duration of exceedances and provide compensating periods of time
during which the concentration is below the CCC,

Even though only a few tests have compared the effects of a constant concentration with the effects of the
same average concentration resulting from a fluctuating concentration, nearly all the available comparisons
have shown that substantial fluctuations result in increased adverse effects [6-16]. Thus, the duration of the
averaging period must be shorter than the duration of the chronic tests on which the CCC is based so that the
averaging period does not allow substantially more adverse effect than would have been caused by a continuous
exposure to the same average concentration. Life-cycle tests with species such as mysids and daphnids and early
life-stage tests with warmwater fishes usually last for 20 to 30 days, whereas life-cycle tests with Cerlodaphnids
usually last for 7 days. If the duration of the averaging period is too 'short, however, it will not allow any
meaningful exceedances and will, in effect, defeat the purpose of the concept of the averaging period. For
example, because few effiuents are monitored more often than once a day, an averaging period of 24 hours
would effectively mean that for most effluents each individual sample that was above the CCC would be
considered an excursion,

For the following reasons, a 4-day averaging period.is. recommended for. application of the CCC in aguatic-life
criteria for both individual pollutants and Whole Effiuents:

s It is substantially shorter than the 20- to 30-day duration of most chronic tests and is somewhat
shorter than the 7-day duration of the Ceriodaphnia llfe-cycle test.

* The results of some chronic tests apparently are due to an acute effect on a sensitive life stage that
occurs at some time during the test, rather than being caused by either long-term stress or long-term
accumulation of the test material in the organisms. Horning and Neiheisel [17] documented one such
situation, and others are probably the cause of at least some of the acute-chronic ratios that are not
much greater than unity.

* For both endrin and fenvalerate, farvinen et al. {18) found that a 72-hour exposure caused about the
same amournt of effect on the growth of fathead minnows in early life-stage tests as did a 30.day
exposure to the same concentration.

¢ In some life-cycle tests on effluents with Cenodaphnids, concentrations of effluents that were 2
factor of 1.8 greater than the CCC caused unacceptable effects in 4 or 5 days [$, 19, 20).

* It js not so short as to effectively defeat the purpose of the concept of the averaging period.

"As discussed below, other averaging periods might be : . ~ptable on a site-specific or pollutant-specific basis.

D2
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just as the concept of exceedances can be applied to the CCC, it aiso can be applied to the CMC. As with the
CCC, the CMC averaging period should be substantially less than the lengths of the tests on which the CTMC is
based, l.e., substantially less than 48 to 96 hours. Because 4- to 8-hour LC50s are about the same as the 96-hour
LC50 for some materials [21-27], the duration of the averaging period for the CMC should be less than 4 hours.
One hour is probabily 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-haur LCS( cause death in one to three houts
[25}. Even when organisms do not die within the first hour of so, it is not known how many organisms might
have died due to the delayed effects of the short éxposure {28-31]. ¥ the 1-hour average does not exceed the
CMC, it is unlikely that the concentration of the poliutant in the receiving water can fluctuate rapidly enough
during the hour te 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 poliutant in the receiving water
is low. Where variation is demonstrated to be consistently low, a langer CMC averaging would be acceptable
because the magnitudes and durations of exceedances above the CCC would be limited. A possible poliutant.
specific justification for a longer averaging period would be that the LC5(Q decreases substantiafly as the
length of the exposure increases. For example, an B-hour averaging period might be justified far the CMC if it
were shown that 24-hour exposures of a variety of sensitive species resulted in 96-hour LC50s that were
substantially above the 96-hour LC5()s obtained from continuous exposure to a constant concentration for 96
hours.

In some situations the duration of the averaging period does not have to be stated explicitly because one can
be impiicitly defined using an uptake rate and a depuration rate. For example, if it is known that a specific
concentration of a-poliutant in the whole body or in a particular tissue of an important aquatic species will
result in an unacceptable effect on the survival, growth, andfor 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 aliowed frequency of
exceedances of the concentration in the aquatic species. Thus, this approach can be used whenever the
following are available:

* A record of daily flows of the body of water, preferably for more than 10 years
* A maximum acteptable 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 usefu! when an exposure causes delayed effects that are considered
unacceptable. For exampie, it might be found in a test that no fish die during a 2-day exposure of rainbow trout
to a pofiutant but 50 percent of the.fish die within 4 weeks of being transferred to clean water, whereas no
comparable control fish die, If values are available for the concentration of the pollutant in the fish at the
end of the 2-day exposure and for the uptake and depuration rates, these data could be used with a flow record
for a river to determine how often a specified constant daily input of the pollutant to the river would have
resulted in exceedances of this concentration and therefore the death of rainbow trout,

Regardless of what averaging periods are used, exact calculation of the number of excursions would require
continuous monitoring of the concentration in the receiving water, which is not feasible in most cases. A
valid aiternative would be to use a statistically designed monitoring program and a statistical interpretation of
the measured concentrations. The 1-hour averaging period for the CMC would imply that the samples analyzed
should be 1-hour composites; the 4.day averaging period would imply that concentrations in all samples
obtained within any 4-day period shouid be averaged, preferably using a time-weighted average. if information
is available concerning the discharge pattern of a particular effluent, it might be possible to design a
monitoring program that is specifically appropriate for that effluent.
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Unless critical species are especially sensitive to particular toxicants, most excursions of criteria should have
minor impacts on aquatic communities. However, whereas excursions above the CCC will probably reduce
growth and reproduction, excursions above the CMC will probably cause death and other severe acute effects.
in addition, special care should be exercised when many outfalls exist in a small segment of a receiving water,
because if low flow causes an excursion for one discharge, that same low flow will probably also cause
excursions for other discharges at the same time. Several "minor” excursions might thus add up to a "major” one.

Frequency

The purpose of the average frequency of allowed excursions is to provide an appropriate verage 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. .

Baneral Considerations for Setting Frequency with Which Excursions of Criteria May Occur

Not long ago ecological communities were thought to be largely in equilibrium and theit structure and function
determined primarily by internal interactions between species, such as competition and predation.
Communities were considered to be analogous to "super-organisms,” with close parailels 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, 33]. The frequency of disturbance affects a community not
only by decreasing the fitness of component species, but also by causing a natural selection of species or
phenotypes having characteristics that allow them to tolerate or even thrive under the disturbance regime.
Natural disturbances such as floods and droughts are commaon in lotic systems [32] and vary in intensity not only
between headwater streams and large rivers, but also between similar sized lotic communities in different
climatic regions. Rather than requiring more time to recover from the effects of additional anthropogenic
disturbances, lotic communities with high natural background disturbance frequencies are actually predisposed
to recover more rapidly because only species that are able to recolonize and reproduce quickly, or perhaps to
avoid disturbances, can persist there [34-37). This does not imply that they also are more resistant to novel
anthropogenic disturbances with which they have had no previous evolutionary experience; it only implies that '
they are predisposed to recover quickly once the disturbance is gone. The question then is how frequently can
aquatic communities experience these additional disturbances (excursions of criteria) without being
unacceptably affected.

in an extensive review of the published fiterature, Niemi et al. [38) reviewed the published literature and
identified more than 150 case studies of freshwater systems in which some aspect of recovery from the impact of
a disturbance was reported. A case study was used only if the disturbance caused a death or displacement of
organisms. This restriction was necessary because it was rarely possible to determine if an event was outside the
normal intensity range (a common alternate definition of disturbance), mainly because it is usually difficult to
define the normal intensity range. It also permitted the inclusion of natural as well as anthropogenic events.
Approximately 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,
periphyton, and macrophytes, but were numerous for macroinvertebrates and fishes. Because more than one
recovery endpoint was reported for most studies, the number of endpoints greatly exceeded the number of case
studies. For short-term (nonpersistent) disturbances, approximately 85 percent of all macroinvertebrate
endpolints 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 rapidiy,
whereas stoneflies and caddisflies recovered least rapidly. Fishes recovered in 2 years or less for over 85 percent
of reported endpoints. However, as discussed below, important exceptions did occur.

Most excursions of criteria will be minor and their impacts will therefore be difficult to detect. Although most
disturbances in the above case studies caused more severe impacts than maost criteria excursions are expected to
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cause, CMC excursions will result in death of some organisms. These data indicate that as a general rule, the
purpose of the average frequency of allowed excursions will be achieved if the frequency is set at ance 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. '

cnm:rramns for Proposing Site-spacific Increases or Decrenses In the Aversge Frequency of Alfowed
Excursions

Although an average frequency of one criterion excursion every 3 years should usually be protective of lotic
communities, more frequent excursions might be acceptable in certain situations. Sedel et al. [39] have shown
that fotic systems with refugia (areas of refuge) such as well-developed riparian zones, connected flood plains
and meanders, snags, etc., recover more rapidly from disturbances than segments without such refugia, because
organisms are better able to avoid disturbances and return or repopulate. However, many of these refugia are
likely 1o be most restricted and vulnerable during the low-flow periods whern criteria excursions also are most
likely to occur. Evidence of action to preserve refugia, particularly during low-fiow 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. Schfosser [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/for high
dispersal ability and can recover from major disturbances irt a year or even less, Thus, many lower.order streams,
particularly those for which refugia are avaiiable, may be able to tolerate somewhat higher excursion
frequencies, unless other considerations are important. For example, discharges to lower-.order streams sometimes
constitute a large fraction of the stream flow for most of the year,

Although lower-order streams are naturally highly variable and can therefore tolerate higher disturbance
frequencies, the converse Is true for higher-order lotic streams for at jeast two partially related reasons: (1)
segments with tributaries draining a large watershed will be buffered from the effects of localized droughts in 2
portion of the watershed, and will therefore experience a less severe hatural disturbance regime, and (2)
organisms inhabiting these segments will therefore not be adapted to disturbances that are as frequent or severe
as those in lower-order segments. Fish in particular will be larger and have longer generation times in larger
streams and rivers. Consequently, it will take longer for these populations to reproduce and regain
predisturbance densities and size class distributions. Schlosser [36) suggests that, based on such life-history
characteristics, fish communities in larger rivers might take 20 to 25 years to re-establish the predisturbance age
and size structure of their component popuiations after a severe disturbance such as a major drought or spill.

Extreme cases in which recovery has taken much longer than 3 years usually involve spills of persistent
chemicals or severe habitat modification, such as stream channelization or clear-cutting of a watershed [38]. If
the chemical contaminant is not widespread, recovery is-limited primarily by the rate of disappearance of the
chemical rather than by strictly ecological processes, Widespread contamination can affect recovery by
increasing the distance over which recolonizers must travel. Watershed clear-cutting reduces the input of
organic matter that provides the food base of streams in forested watersheds and also provides woody debris
and snags that serve as refugia, Channelization and dredging reduce the in-stream habitat diversity and thereby
decrease refugia. In addition to these anthropogenic disturbances, multiple excursions during a drought, due to
low-fiow conditions, can result in a severe cumulative impact on sensitive species even if the individval
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 industriatized river
segment, will affect aquatic life over a large area. ! maintenance of long-lived fish species in these segments
is desired, recovery periods up to 25 years may be necessary. ‘

Based on the above considerations, recovery periods longer than 3 years may be necessary after multiple minor
excursions or after a single major excursion or spifl during a low-flow period in medium-te-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 quafity-based permit limits and for designing waste
treatment facilities requires the selection of an appropriate wasteload allocation model. Dynamic models are
preferred for the application of aquatic-iife criteria in order to make best use of the specified concentrations,
durations, and frequencies. If dynamic modeis cannot be used, then an alternative is steady-state modeling.
Because steady-state modeiing is based on various simplifying assumptnons, it is less complex, and might be
less realistic, than dynamic modeling.

An important step in the application of steady-state modeling to streams is calculating the design flow. The
procedures outlined In the EPA document Technical Guidance Manual for Performing Waste Load Allecation, Book 6,
Design Conditions: Chapter 1, Steam Design Flow.for Steady-State Modefing. (U.S. EPA 1986} are recommended for
calculating design flows for rivers and streams. States may use other methods so long as the methods are
technically defensible. The document discusses and recommends two methods for determining design flows,
the hydrologically based method and the hiologically 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 7Q10 flow, The underlying assumption of this method is that the
design flow will occur X number of times in Y years. Thus, this method limits the number of years in which one
or more excursions below the design flow can occur. The method has two advantages: (1) the jog-Pearson Type
Ml flow estimating technique or other axtreme value analytical techniques that are used to calculate flow
statistics from daily flow data are consistent with past engineering and statistical practice, and (2} the U.S.
Geological Survey provides technical support for this method. The disadvantage of this method is that it is
essentially independent of biological considerations. Design flows calculated using this method might allow
more or fewer excursions than once every 3 years on the average. In addition, it is difficult to use site-specific
durations and frequencies with this ‘'method. For toxic wasteload allocation studies in which the
hydrologically based method is used, EPA recommends the use of the 1Q10 flow as the design flow for the
CMC and the 7Q10 as the design flow for the CCC,

The biologically based design flow method was developed by the U.5, EPA Office of Research and
Development and directly uses the averaging periods and frequencies specified in the aquatic-life water quality
criteria for individual pollutants and Whole Effluents for determining design flows. The method is an
empirical iterative convergence procedure that includes the calculation of harmonic means of the flow to
determine the total number of excursions. The method makes exact use of whatever duration and frequency are
specified for the CMC and CCC. These might be 1 day and 3 years for the CMC and 4 days and 3 years for the
CCC or site-specific durations and frequencies.

The two methods were ysed on approximately 60 different rivers to compare the hydrologically based 1Q10 and
7Q10 design flows with the biologically based 1-day/3-year and 4-day/3.year desigh flows. For most of the
rivers the hydrologically based design flows resulted in more than the allowed number of excursions, For some
of the rivers, the 1Q10 and 7Q10 allowed substantially more or fewer excursions than the intended number of
excursions. Because the biologically based method calculates the design flow directly from the national or
site-specific duration and frequency, it always provides the maximum allowed number of excursions and never
provides more excursions than allowed. - .

EPA provides software tools to calculate both types of design flows via the STORET environmert on its NCC-
1BM mainframe. Biologically based design flows can be calcufated 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 lll method. Both programs access the STORET Flow file that contains daily
flow records for U.S. Geological Survey gaging stations. They are easy to use and the user simply needs to know
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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 Pandoffi

U.5. Environmental Protection Agency

Office of Water Regulations and Standards (WH-553)
401 M Street, S.W,

Washington, D.C. 20460

(202) 382-7030

The methods described above use daily fiow 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,
atkalinity, hardness, and dissoived 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 ont Supplementary Stream Design Conditions for Steady
State Madeling [3) and DESCON Users Manual [40).

The supplementary method is consistent with the hydrologicaily and biologically based methods described
above. (t 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 quafity criteria might not occur
when the streamflow is iow; 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 metais (Cd, Cr'*3, Cu, Pb, Ni,
Zn), pentachiorophencl, and ultimate oxygen demand.

The software too! to facilitate this method is calied DESCON. It is on EPA's IBM mainframe and is avaiiable
through the STORET environment. DESCON accesses the STORET flow file for the daily flow record and the
water quality fite for data on the physical-chemical parameters. Options are available to the user if the area of
concern has no flow record or if no water quaiity data are available,
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LocNORMAL DISTRIBUTION AND PERMIT le'r
DERIVATIONS

lntrod_uctlon

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, Tabies E-1, E-2, and E-3 at the end of the appendix summarize
the permit limit calculations. This appendix describes the statistical methodology for three distributions that
are often used in determining permit limits. Other distributions can be used, and this topic is discussed in the
subsection, Other Distributions.

Section 1; Overview of Permit Limits

Two types of permit Fmits are contained in the effluent guidelines regulations: daily maximum limits and
monthly average limits. The daily maximum permit limit is the maximum allowable vaiue for any daily sample.
The daily maximum limits are usually based on the 99th percentile of the distribution of daily measuremients.
The monthly average permit limit is the maximum allowable value for the average of all daily samples obtained
during 1 month. Monthly average limits are in most cases based on the 95th percentile of the distribution of
averages of daily values,

The following two subsections discuss the derivation of water quality-based limits and the consistency among
different permit limits.

Derivation of ll'l!‘l‘! Quality-based Limits

Water quality-based limits are derived from the required treatment system perfortnance necessary to comp[y with
the wasteload ellocation (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 deviatlons in those expressions are
derived from the WLA. This topic is discussed in Chapter 5.

Consistency Among Dlfferent Permit Limits

The current Technical Support Document for Water Quality-based Toxics Control (TSD) procedures provide
consistency among different permit limits, The stringency of permit limits is independent of monitoring
frequency and is determined entirely by the WLA and permit fimit derivation procedures. The daily maximum
limit is constant regardiess of monitering frequency. The numerical value of the monthly average limit
decreases as monitoring frequency increases only because averages become less variable as the number of values
inciuded in the average increases. For example, an average based on 10 samples is less variable than an average
based on 4 samples. This phenomenon makes monthly average permit limits based on 10 samples appear to be
more stringent than the monthly limit based on 4 samples. A permittee performing according to the WLA
specifications will in fact be equally capable of meeting either of these monthly average limits when taking
the corresponding number of samples, The stringency of the TSD procedures, accordingly, is constant across
monitoring frequencies,

E-1
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Section 2: Statistical Methodology

The statistical procedures that are used in permit fimit development involve fitting distributions to effluent
data. The estimated upper percentiles of the distributions form the basis of the limits. This section describes
the statistical methodology applied to permit limits in the following subsections: the normal distribution, the
lognormal distribution, the delta-lognormal distribution, methods of checking distributional assumptions, and
correlation. Before discussing these topics several definitions are made for notation, assumptions, coefficients
of variation, and variability factors.

Notation

In the calcutations in this appendix, natural logarithms (i.e., logarithms to the base €), denoted by In(x), are
used. The calculations can be modified to use logarithms to the base 10 by replacing logq g(x) for In(x) in the

formulas.

Assumptions

The distribution fitting methods assume that the daily measurements are independent, uncorrelated
observations.

The fundamental assumptions underlying the discussion on calculating limits are:

¢ Daily pollutant measurements are approximately lognormally distributed for values above the
detection limit

e Maximum n-day monthly averages for n £ 10 are approximately lognormally distributed above the
detection limit

+ Maximum n-day monthly averages for n > 10 are normally distributed.

Recommendation of the use of the lognormal distribution for daily pollutant measurements is based on
practical rather than theoretical consideration. Usually environmental data sets possess the basic lognormai
characteristics of positive values and positive skewness. In addition, the lognormal distribution is flexibie
enough to model a range of nearly symmeiric data. Furthermore, in comparison to other positive valued,
positively skewed distributions that could be used to modei environmental data, the lognormal is relatively
easy to use.

When lognormai data are log transformed, the properties -of the normat 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 mode} data that are a mixture of non-detect measurements with
measurements that are lognormally distributed. In delta-lognormai procedures, nondetect values are weighted
in proportion to their occurrence in the data.

In determining permit limits based on averages (e.q., 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 resuit,
called the Central Limit Theorem, provides theoretical support for determining limits based on averages of
individual measurements. According to the Central Limit Theorem, when the sample size n is large enough, the
average of the n sample values will be approximately normally distributed regardless of the distribution of the
individual measurements. The section on statistical methodology provides procedures and guidance for
calculating averages for both small and large samples sizes where the individual measurements are lognormally
distributed. :
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The shape of the observed data is the key factor in evaluating a distributional model. For environmental data
the lognormal distribution is usually appropriate. The critical question in a given situation is how well a
particular distribution models the shape of observed data. Although the lognormal does not provide an exact
fit in all cases, it usually provides an appropriate and functional fit to observed environmental data. Graphical
displays and goodness-of-fit tests, as described in the subsection, Other Distributions, may be used as a guide in
verifying assumptions and selecting a distribution.

Coefficients of Variation

The coeficient of variation (denoted by "CV") is the ratic of the standard deviation to the mean. Thus, the CV
Is a dimensioniess measure of the relative variability of a distribution. Estimates of the CV can be used when
the actual CV cannot be calculated or if the available data sets for calculating the CV are small. In such cases,
different values for the CV should be used in the permit calculations to assess the effect of the CV on the final
permit limit, Typical values of the CV for effluent data usually range from 0.2 to 1.2. The CV is a measure of
the relative variation in observed data. In many cases, changes in the CV will have little impact on the final
permit mit. 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.

Variahility Factors

An important component of the process used by the Environmental Protection Agency (EPA) for developing
technology-based limits are variability factors. The variability factor is the ratio of a large concentration level
of a pollutant to the average level determined from that particular plant. The ratio expresses the relationship
between the average treatment performance level and large values that would be expected to occur only on rare
occasions in a well-designed and operated treatment system. Such factors are useful in situations where little
data are available to characterize the long-term performance of a plant,

in cases where only a small number of observations are available from a plant, EPA has been reiuctant to
estimate a variability factor. In the Organic Chemicals, Plastics, and Synthetic Fibers (OCPSF) rulemaking [1], a
minimum of seven daily observations from a plant, with at least three of the seven above the detection limit,

was established for calculation of a plant level priority pollutant variability factor. However, EPA has not’

established a minimum number of observations required for calculating variability factors for all pollutants in
alk 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 effiuent and water quality data results in data distributions that are
normally distributed. Such data are referred to as being lognormally distributed. When lognormal data are log
transformed, the properties of the normal distribution apply to the transformed data, Since the normal and
lognormal distributions are related in a straightforward manner, the methods of analysis for normal and
lognormal data also are easily related. The normal distribution is described below and is followed by a
discussion of the lognormal distribution and its relationship to the normal distribution.
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Figure E-1. Normal Probability Distribution

The normal probability distribution is encountered in a number of applications. The bell-shaped curve of the
normal distribution is shown above in Figure E-1. Excellent introductions and reviews of the normal
distribution are found in numerous statistical, engineering, and scientific texts, as for example in Reference 2,
Only a brief review is given here,

A sample of independent observations, denoted by x1, x3,....Xk, from a normally dlstrlbuted population can be
used to estimate the mean, i, and variance, o2 according to the formutas below:

estimated mean
Tixl/k 18igk
&2 estimated variance

Thxi- )21/ ¢k-1), 1<isk

f

n

§ = estimated standard deviation
- (62)1/2

cv = estimated coefficient of variation
= g/§

The characteristics of the normal distribution are the range is defined for positive and negative values, and the
frequency curve is beil-shaped and symmetric about the mean. In most cases, the normal distribution is not an
appropriate model for the distribution of individual pollutant measurements. Environmental data rarely are
symmetric, which is a fundamental property of the normal distribution. In addition, the normal distribution is
defined over a range that includes negative values while pollutant measurements are restricted to nonnegative
values. Thus, fitting a data set to a normal distribution allows for the possibility, however small, of observing
negative values. The Iognormat distribution, or any positive valued distribution, is not defmed for negative
values and thus avoids assigning any probability to negative values.

Dally Maximum Permit Limits Based on the Normal Disirlbution

For data sets which have the characteristics of the normal distribution, the daily maximum permit limits can be
calculated. The upper percentile daily maximum permit limits for the normal distribution are calculated using
the quantity z,, 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 Hmit is estimated by:

X

pth percentile daily maximum limit
f+zp6.

P

E4
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For example:

X g5 = 95th percentile daily maximum limit
= ﬁ + 1.645

f(_gg = g9th percentile daily maximum limit
= fi +2.326

Note:
Zgs = 1.645
Zgg = 2.326

The daily variability factors {(denoted by VFq) are estimated by:
Daily maximum 95th percentile VF1 = X g5 / [i

Daily maximum 99th percentile VFy = X g9 / [i

Monthiy Average Permit Limils Based on the Normal Distribution

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 pofiutant
measurements, the averages of those individua! 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 Centra! 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
regardiess 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 monthiy average, n = 14 samples during the month for monitoring

purposes). The parameters y, and o, denote the mean and variance, respectively, of the distribution of the

average of n values. The estimates of the n-day average and the variance of the n-day average are denoted by
fp and 6,21, respectively.

i = estimated mean of distribution of X
62 = estimated variance of distribution of X
;fin = mean of distribution of the n-day monthly average
2 .
6,., = variance of distribution of the n-day monthly average
= &6/n '
O = standard deviation
a2
= (cn)”2
vy = coefficient of variation
= 6n / ﬁn.
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The upper percentile limits are:

Xp

pth percentile n-day monthly average limit
fin +2p Op

where zpis the pth percentage point of the standard normal distribution.

For example:

X g5 = 95th percentile n-day monthly average limit
= fin +1.645 6,
X g9 = 95th percentile n-day monthly average limit
= Qo +2.326 8,
Note:
Zgs = 1.645
Zgg = 2.326.

The monthly average variability factors {denoted by VF;) are estimated by:

Monthly average 95th percentile VF, = 5(_95 /i
Monthly average 99th percentile VF, = f(_gg /i

" The above discussion of the normal distribution can be modified for data from the lognormai distribution. The .
next subsection explains the modifications.

Lognormal Distribution

- Experience has shown that daily pollutant discharges are generally lognormaily distributed. The distributional
fit of the data varies somewhat from application to application, but not enough to alter the conclusion that
effluent pollutant discharges are. generally. lognormally. distributed. Ambient water quality data also are often
lognormally distributed. Figure E-2 displays the positively skewed shape of the lognormal distribution.

The distribution fitting methods assume that the daily measurements are independent, uncorrelated
observations. Although, in general, this assumption is not satisfied exactly, the lognormal distribution has
been used in the effluent guidelines program primarily because it consistently provides a reasonably good fit to
observed effluent data distributions. Figure E-3 shows the lognormal distribution applied to data used in the
development of the OCPSF effluent guidelines reguiation [1).
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The logarithmic transformation of the random variable X, ¥ = In(X) results in a random variable Y that is
normally distributed. Therefore, the analysis procedures for analyzing lognormal data are similar to those for

the normal distribution. The mean and variance from the normal distribution of the random variable Y are oy,
and o respectively. These parameters can be estimated by:

ﬁy = T(yi)/ k

and

6')2{ = Z[(yj - 2] / (k - 1), respectively
where

yi = In{xp for i=1,2,..k

When data are lognormally distributed, these values from the normal distribution can then be used to calculate
the mean, variance, and coefficient of variation for the random variable X that is lognormaily distributed. The

mean, variance, and coefficient of variation of the random variable X may be estimated by ﬁ(x), V(X), and
cv(X), respectively.

[

ﬁ(X) daily average
A Az
= exp( fy + 8y /2)
V(X) = variance

A a2 a2
= exp(2 Hy + Oy /2) [exp(oy) -1]

cv(X) = coefficient of variation
= [exp(6i) - 11172

Dally Maximum Permit Limits Based on the Lognormal Disiribution
The upper percentile limits for the random variable X (which is lognormally distributed) are:

X

pth percentile daily maximum limit
exp[ Hy +2Zp Oy

where Zp is the pth percentage point of the standard normal distribution.

P

For example:

f(.gs = 95th percentile daily maximum limit
= exp[fiy + 1.645 6,,]

X 99 = 99th percentile daily maximum limit
= exp[ Hy + 2.326 oy].

Note:
Zgg = 1.645
299 = 2.326.
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The daily maximum variability factors (denoted by VF{) are estimated by:

Daily maximum 95th percentile VFy = x_95 / EX)

Daily maximum 99th percentile VFy = 3_99 / E(X).

Monthly Average Poermit Limits Based on the Lognormai Distribution

This subsection contains the formulas required to approximate the distribution of the average of a small number
of lognormally distributed values with another lognormal distribution. Although, the Central Limit Theorem
holds that the average.of a sample of independent measurements is normally distributed provided that the
number of measurements, n, is sufficiently large, the minimum value for n required In specific cases may vary
considerably. In cases where the individual values are lognormally distributed, the minimum required for the
average to be normally distributed may be quite large. As a consequence, the distribution of the average of a
small number of lognormally distributed values may be better approximated by another, related lognormal
distribution [3]. For sample sizes larger than 10 when the data are lognormally distributed, it is recornmended
that the calculations given in Table E-3 should be used. For the purposes of permit writing, monitoring sampie
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 jip, 3% andcV, estimated by:

6,21 = variance
= In{¥(X) / [n[E(X)}2] + 1}
ﬁn = n-day monthly average
= In(Bx)) - 0.5 87
8p = standard deviation
a2
= (Gn)wz
cvp = coefficient of variation
= [exp(&p) - 11172
where
BX) = exp(fiy +82/2)
f A a2 22
V(X) = exp(2 {ly + oy) [exp(ay) - 1].

The upper percentile limits of the maximum n-day monthly average are:

x'P

pth percentile n-day monthly average limit
expl fin + 2p 6p)

where z, is the pth percentage point of the standard normal distribution.

For example:

2_95 = 95th percentile n-day monthly average limit
= exp| fi,, + 1.645 &p]

X gg = 99th percentile n-day monthly average fimit
= expl fiy + 2.326 Gp)
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Note:

Zgg = 1.645
Zgg = 2.326.

The variability factors are:

Monthly average 95th percentile VFj, = & g5 / fip,
Monthly average 99th percentile VF, = X 99 / fip.

Delta-Lognormal Distribution

The delta-lognormal - distribution- is a generalization of the lognormal distribution. The delta-lognormal
distribution may be used when the data contain a mixture of nondetect values and values above the detection
limit and can be used to model nondetects in water guality-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 jognormal
distribution 2nd a distribution with discrete probability of obtaining observations at or below the detection
limit. The lognormal distribution models the observations above the detection limit. The nondetect values
are modeled by the distribution with discrete probability of obtaining observations at or below the detection
limit. The organic priority pollutant data set shown in Figure E-4 contains a number of observations that were
reported as "nondetect.” These detection limit measurements are observations that are censored at the detection
limit and are represented by the left-most bar in the histogram. Data sets of this form are fairly typical of
organic chemicals in wastewater. The delta-lognormal distribution often provides an appropriate and
computationally convenient model for analyzing such data.

The estimation procedure for the delta-lognormal distribution assumes that a certain proportion, §, of values are
at the detection limit, which is denoted by D. (The estimation procedure when D = 0 is detailed in Reference 4,
These values set to D are observations that can only by quantified as nondetect (ND) at some minimum level.
This minimum level is the detection limit as established by the laboratory performing the chemical analysis.

Let Xq,X2,..., X Xpy 15 X deNOte a random sample of size k; with r-observations recorded as nondetects, and k-r

observations greater than the detection limit. The k-r positive observations are assumed to follow a lognormal

distribution. The entire data set is assumed to follow the deita-lognormal distribution with censoring point
A A2 . .

equal to the detection limit D. Let Hy and Gy 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 § be the sample
proportion of nondetects. Then the estimates of the mean and variance of the delta-lognormal distribution are
estimated by:

E(X') = daily average
= 8D+ (1-8) exp( By +0.5 &)
V(X') = variance ,
A [ A2 A a
= (1-8)exp2 fly +8,) [exp(8y) - O -8)+801 -S)D[D-Zexp(py+0.50‘)2()]
V(X") = coefficient of variation

= VX2 /ey
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where

k = number of samples

D = detection limit

r = number of nondetect valugs in sample

k-r = number of values greater than the detection fimit
yi = in(xj) 1 <igk r<k
by = X(yp/k-1) el €igk rek
& = Xi-My?/k-r-1) rlsisk r<k
& =r/k

Daily Maximum Permit Limiis Based on the Delta-Lognormal Distribution

The 95th and 99th upper percentile limits for the random variable X (which is delta-lognormaliy distributed)
are given by the following formulas:

The estimated 95th percentile daily maximum limit is:

fo 520.95
Kgse= |

{ max [D, exp( ﬁy +Z 8),)] S <095
where

*

2 = @ 0.99-8)/(1-8))
The estimated 99th percentile daily maximum limit is:

fp § 2099
X g9 = |
Lmax [D, exp( ﬁy + z*Sy)] § <099
where

2 =0 1[(0.99-8)/(-8))
¢'1[ } is the mathematical notation for Z-scores. For example, when § = 0, then the corresponding value is

¢‘][.99} = Zgg = 2.326. Values of &°1f } 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 percentife VF = K g5 / E(x)
Daily maximum 99th percentile V¥ '= R gg / £(X).

Doita-Lognormal Distribution 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 [1], For the purpose of permit writing, it is recommended that data sets of greater than
10 samples be assumed to fit the normal distribution and the averages be calculated using the formulas given in
Table €-3.
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Checking Distributional Assumptions

Two methods of checking distributional assumptions are goodness-of-fit and probability plots. When checking
distributional assumptions, the sample size must be large enough. Small sampte sizes may lead to erroneous
conclusions. ‘

Boodness-of-Fit Tests

in some cases, statistical goodness-of-fit tests may indicate that a particular distribution provides a reasonable
fit to a data set of poliutant measurements. Such cases should be evaluated carefully to verify that the frequency
curve for the data also show the shape characteristic of the distribution.

Probabiiity Plots

Use of probability plots is one method of determining whether a normal distribution is appropriate for
modeling a population using only a limited set of measurements. The set of measurements should have at least
20 observations [5]. Consider an independent sample of size k, labeled xy,x5,...,xK. Let uq,uy,..,ui be the

ordered sample of x-values in ascending order in which uysu,s,...,Sug. Now for each u;, find zj from the normal
table (in any statistical reference or textbook) such that P[Z < 2] = i/(k+1) and plot each pair (z;,u;) on knear

graph paper (or use a computer graphics software package). if the data are from a normal distribution, they WI"
fail 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 y; = in(x;) for
i=1,2,...,.k and then prepare a probability plot for the y;, first by ordering the data as described in the previous
section. If the data are from a lognormal distribution, they will fall approximately along a straight line, as
illustrated by Figure E-5.

Other Distributions

If the probability plots or the log-probability plots show serious deviation from straight lines, other
distributions should be considered. Nonparametric methods, which do not require the assumption that the data
follow a particular distributional form, are often useful for this type of data. Further details are available in
many statistical references (e.g., Reference 6).

Correlation

Up to this point, we have assumed that all the observed poliutant levels are independent, i.e., uncorrelated
with one another. This subsection is not intended to address cotrelation between observed pollutant levels
and plant operating factors that influence and control treatment performance. e
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In the case of the monthly average limit derivation, the assumption that observed pollutant levels are
independent can be quite important. If the effluent levels are correlated, the actual monthly average limit can
be substantially higher than that derived from the analysis based on the independence assumption. However,
correlation has essentially no effect on the calculated daily permit limits. This sub-section providés guidance
on determining when levels may be correlated, and adjusting the sample size,

A major factor that determines whether effluent jevels are highly correlated is the retention time of the
wastewater treatment system. If the retention time is large relative to the time between effluent samples, then
those samples will tend to be correlated with each other in most cases. In municipal systems, for example, the
retention time is frequently a matter of days, and sampling is often conducted on a daily basis. The effluent
levels, consequently, may be substantially correlated. However, in many industrial systems, for instance a
physical/chemical treatment system for electroplating wastewaters, the treatment system retention time is
refatively short 4 to 8 hours, Daily effluent ievels from these kinds of systems are generally uncorrefated, i.e.,
statistically independent. These general patterns are the same irrespective of the kind of pollutant in question.
Significant correlation between observed pollutant levels, when present, should be factored inte monthly
average permit limits.

Severai 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

The daily maximum permit limit is usually the 99th upper percentile value of the pollutant distribution. In
certain cases the 95th percentile value may be allowable. The following gives the formulas:

WITH AbL MEASUREMENTS > DETECTION LIMIT (based on lognormal distribution)

X g5 = 95th percentile daily maximum limit
= exp[ﬁy+ 1.645 &y]

x_gg = 99th percentile daily maximum limit
= exp[ﬁ.y+ 2.326 o]

where

Xj = daily pollutant measurement |

Yi = In(xi)

k = sample size of data set

ﬁ,é = Xk 15isk

& = Z0i-BA/Kk-1) 1sisk
B) = exp(ily+0.56))

V(X) = exp(2 ﬁy + 6,2,) [exp(&;) -1]
MX) = {exp(&i) -1]1/2
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Table £-1. Daily Maximum Permit Limit Calculations (continued)

WITH SOME MEASUREMENTS < DETECTION LIMIT (based on delta-lognormal distribution)
Kgc = 95th percentile daily maximum limit
95
o 52095
K95 = |
L max [, expt fy+2¢8,) <095
withz' =@ 1[0.95- §)/(1-8))

3.99 = 99th percentile daily maximum limit
[ 52099
Ko = |
L max [D, exp(ﬁ.y + z'd;,)] §<0.99

with 2" = -1[(0.99 - §) /(1 - §))

where
X = daily poflutant measurement |
k = sample size of data set
D = detection limit (as established by the laboratory)
r = number of nondetects (%1.,X2,-...X; are S D)
k-r = number of detects (Xpp 1 XXy are > D)
¥i = In{x}) forr+1 sisk
3 =r/k
i = Xyp/k-n r+1 s i € k (exclude values < D from sum)

>
N

y = Zlyi-B)?l/ k-r-1) e sisk

E(X") = 8D+ (1-8)exp(iiy 0.5 6)2,)
X" = (1-8)exp(2 ﬁy + &i)l[exp(éi) -(1-8)+8 (1-8)D[D- 2 exp( fiy + 0.5 63)]
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Table E-2, Monthily Average Permit Limit Calculations for
- Ten Samples or Less

The monthly average permit limit is usually based on the estimates of the 95th percentile of the distribution of
the average of the daily effluent values. For sample sizes less than or equal to 10, the data are assumed to be
lognormaliy distributed (or delta-lognormally distributed if the data includes nondetects).

ALL MEASUREMENTS > DETECTION LIMIT (based on lognormal distribution)
X g5 = 95th percentile n-day monthly average limit
= expljin + 1.645 0, ]
X.gg = 99th percentile n-day monthly average limit
= expl iy, + 2.326 Oy )
where
Xj = daily poliutant measurement i
¥i = In(x})
k = sample size of data set
ﬁ¥ = Zyj /k 1<isk
& = Uy - A2/ k-1 1sisk
A 2
Bx)y = exp( Ay + 0.5 oy)
” A A2 Az
V(X) = exp(2 Hy + oy)[ex-p(oy) -1]
s2
6, = InVX) /([ Ex012) + 1}
fin = Inkx)-05 éﬁ
G = lexpdp) - 1112
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Table E-2. Monthly Average Permit Limit Calculations for
- Ten Samples or Less (continued)

SOME MEASUREMENTS < DETECTION LIMIT (based on delta-lognormal distribution)

X g5 = 95th percentile n-day monthly average limit
o 5 2095

X_gs = j
Lmax [D, exp(fin + 28] & <0.95

with 2 =0 1[ (095 - §) /(1 - §).

f(_gg = 99th percentile n-day monthly average fimit
" o $ 2099
X 99 = |
L max [D, exp(fip+2')] & <099 -

withz' =@ 1{(0.99- 8)/7(1-8))

where
Xj = daily pollutant measurement |
k = sample size of data set
D = detection limit (as established by the laboratory)
r = number of nondetects (X1,%X2/., X, are £ D)
k-r = number of detects (Xp41+%r4 20Ky, 7€ > D) -
¥i = In(xy) forr+1 si<k
H] = r/k :
ﬁy = Xyp/(k-r) r+1 £i < k (exclude values <D from sum)
33 = Zyi-fy)2/(k-1-1)  e1<isk
EX") = 8 D+ (1-8) exp(ly + o.s&j) |
* A .\2 .2 A n2
X = (1-8) exp(2 fly+ 6,) [exp(-oy) -(+-8 )+ 850 -8)D[D - 2 exp( fly + 0.5 6))]
8 = Inf(1-8M[1+A+B+C))
with
A = WX/ nEX% -8 DY
B = -[8"D2(1-8M)/ EX") - 8" D)2
C = (25"D)/EX"-8"D)
fn = In[@)-87D)/(1-8M)-0.5 67
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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 assumned to be lognormally distributed. For
sample sizes larger than 10, the averages (represented by the random variable X,) are assumed to be normatly

distributed.

Xgs = 95th percentile n-day monthly average limit
B(Xpy) + 1.645 [V(x,]1/2

g9 = 99th percentile n:day monthly average limit
= X, + 2.326 (VX112
where

Xj = daily pollutant measurement i

Yi = in (xp)

k = sample size of data set

gy = L0y /k 15isk
63 = Z{(yi-fy)2l / k-1) 1<isk
B0 = exp(fi, +0.5 oi )

A Y AZ A2

V(X) = exp(2 Hy + cy) [exp(oy) -1]
BXn) = E(X)

V(Xp) = WX)/n
VXp) = VX2 (Xn)
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SAMPLING

The objective of an effluent or instream sampling program is to obtain a sample (or samples) from which a
representative measure of the parameters of interest can be obtained. Unfortunately, many of the industrial and
municipal National Pollutant Discharge Elimination System sampling protocals presently in use are carryovers
from schemes used for calculating loadings of nutrients and oxygen-demanding substances, or were developed
to evaluate treatment piant operational efficiency. Sampling for individual toxicants and particularly for
effluent toxicity can require more specific {(and thus different) sampling procedures,

Wastewsater variability is an important consideration in selecting the method and frequency of sampling for
both chemical analysis and toxicity testing. Industrial waste charactetistics have been shown to vary in
frequency, intensity, and duration [1). 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
bicaccumulation, 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
invalve 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 probiems ate of no greater magnitude than similar problems associated with obtaining a
representative sample for conventional pollutants.

Sampling Methods

Continuous Flow Samples

For toxicity testing, the test organisms may be exposed to serial dilutions of a sample continuously pumped
from the effluent pipe or ditch. In the case of effluents, if optimum accuracy is desired, then the ratio of
effiuent flow to test chamber volume can. be scaled. to simulate the time-varying concentration at the mixing
zone boundary.

Although flowthrough methods can provide a reafistic simuiation of time-varying exposure, they are refatively
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 expasure 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.

Discrate 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
compasition over the period of the tests, or for the period between renewals.

If discrete samples are collected during peaks of effluent toxicity then constant concentration exposure static
tests provide a measure of maximum effect.

Depending on the duration of a peak and the compositing period, compaosited samples may not be usefuf for
examining toxicity peaks because the compasiting process tends to dilute the peaks. Composited samples are
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usually appropriate for chronic tests where peak toxicity of short duration is of less concern, 'The averaging
effect of compositing may be misleading when testing for acute toxicity.

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. ‘ ‘

Sampling Frequency

Nonrandom effluent variability, resulting from batch processing, variable loadings, etc., is often known or can

be determined. Therefore, the first step in designing a sampling program for chemical analysis or toxicity -
testing is to select the annual sampling frequency based on- available site-specific operational information.

This is impertant 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 B) 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 compaosites, it might be more efficient to collect eight samples each composited over a 3-hour interval,

if costs or othet 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
tor nonrandom sources of variation (e.g, batch processing). The second step includes .
selection of the frequency and the method of sampling to be conducted within each sampling
period. Depending on site-specific considerations, several options are available.

Flowthrough Methods — Ideally, for both acute and chronic effluent toxicity tests, the
exposure of biota should simulate the time-varying concentration at a predetermined point in
the receiving water, For regulatory purposes, the critical point is often the edge of the mixing
zone where the waste should exhibit neither acute nor chronic toxicity. Therefore, if
warranted by site-specific factors, it is recommended that test biota be exposed to a
continuously collected flowthrough sample of serially diluted effluent. If no systematic
annual variations (e.g., batch processing) are known or suspected, flowthrough testing can be
conducted at a minimum of quarterly intervals for at least 1 year.

Grab Sample Methods — Grab samples are recommended for chemical analyses and for acute
and chronic toxicity tests where site conditions (such as wastewaters that are known to have
relatively constant composition) do not require use of continuous flow methods, Grab
samples of effluent or receiving water may be used for static or renewal acute toxicity tests,
which may be conducted onsite or at a remote lab. The design of a toxics grab-sampling
pragram must take into account the tradeoff between long-tertm and short-term sampling
intensity. Where there is no ponding of wastes or retention time is insufficient for thorough
mixing, it is important to collect or analyze a sufficient number of samples to provide a
measure of daily spikes. Therefore, to minimize analytical costs where daily fluctuations are
known or suspected, the annual sampling frequency should be reduced in favor of more
intensive daily sampling. 1t is recommended that on an annual cycie, grab sampling and
analysis include a minimum of four to six daily grabs collected monthly. An option could
include the use of short-term (4-hour) composites rather than grabs. If site-specific data are
available to indicate that treatment system retention time is adequate to minimize daily
variations, then the daily replicates may be omitted in favor of more frequent annual sampling
(e.g., weekly or semimonthly rather than monthly). If, to minimize costs in screening tests,
only single samples are collected at infrequent intervals (e.g., quarterly) an uncertainty factor
for variability should be used in the toxicity evaluation (see Section 3).

Composite Sample Methods — If static or renewal methods are used for evaluation of toxicity,
it is recommended that 24-hour, continuous-flow composite samples be collected.
Considerations of annual frequency are the same as those for grab samples.
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THE DEVELOPMENT OF A BIOLOGICAL INDICATOR
APPROACH TO WATER QUALITY-BASED HUMAN HEALTH
Toxics CONTROL |

Current Approach

With one exception {New lersey), the chemical-specific approach to protecting human health is cutrently the

only method used to regulate human heaith toxicants in effluents. The chemical-specific approach identifies

the individua! chemicals in an effluent and regulates them based upon health risk assessment information tor .
each individual chemical. Where data are available for such human health toxicants, the chemical-specific

approach can be used to develop permit limits, .

However, the complex characteristics of effluent mixtures limit the effectiveness of the single-chemical
approach. When used as the sole basis for identifying effluents of human health concern, the chemical-specific
approach can overiook wastewaters potentially toxic to humans for the following reasons:

1. Analytical methods may not be sensitive enough to detect extremely small quantities of chemicals
which may exert their effects on human health after a long latency period.

2. Human health data are limited or lacking for many of the §307(a) "priority" pollutants. Moreover,
the number of human health toxicants discharged far exceeds the "priority” pollutants list,

3. The various chemical constituents of an effluent may resulting in synergistic, additive or
antagonistic chemical effects,

As a result of these limitations, biological indicator tests have been developed for human health impact
effluent screening, including both in vitro and in vivo tests. Though not yet widely implemented, biological
indicator test results can be important supplements to a chemical-by-chemical effluent charactetization.

Short-term biological indicator tests for human health impact screening are based on ceflular-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.

Blological indicator Tests

Biological indicator tests include }n vitro (test tube) and in vivo (whole animal) tests which can help form the
first tiers of a single chemical evaluation process. A battery of simple biological tests.can be used to test for
the major types of effects which are underlying causes of potential health impact, since each biological test
measures a different type of response. The results of these tests can be used to decide whether more definitive
(and more resource-intensive) testing is needed to identify actual problem poliutants,

Test results can serve as triggers to additional chemical-specific analysis or more sophisticated definitive
biclogical 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. 1f an effluent is extremely variable in other parameters, screening assays

should be repeated periodically to ensure that potentially hazardous discharges are detected, Two types of:
" biological indicator tests are discussed below: tests for non-threshold (no safe level exists) chemicals and tests
for threshold (a safe level is presumed to exist) chemicals.

Gl
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Genotoxicity Tests tar Non-Threshold Chemicals

Genotoxicity is the ability of a substance to damage an organism's genetic material (its DNA). Certain
positively-charged compounds tend to bind to DNA and may lead to permanent changes in the genetic
information. Such damage to the DNA of reproductive (germ) cells can impair reproductive ability or can
produce a change in the DNA structure that could be passed on to offspring as a heritable mutation. Alterations
in the DNA of somatic cells can result in cancer or other diseases.

interpretation of genotoxicity test results assumes that DNA damage in nonhuman cells may be predictive of
latent diseases in humans such as genetic disorders, birth defects, and cancer. EPA believes that genotoxicity
tests for point mutations, numerical and structural chromosome aberrations, DNA damage/repair and in vitro
transformation provide supportive evidence of carcinogenicity [U.S. EPA, 1979 and 1987c]. In addition,
wastewater mutagenicity tests could be used to detect genotoxic activity which can adversely affect aquatic
biota [Black, et. al., 1980]. Several short-term assays. have been developed which can assess genotoxic effects
(discussed below).

For example, a correlation has been established between animal carcinogens and positive mutagenic responses
in the Ames Test. The Ames test is often used to assess point mutation effects, The original correlation study
revealed that 90% of tested carcinogens were detected as mutagens, while 87% of noncarcinogens were
identified as nonmutagens. Other studies have determined that between 77% and 91% of tested carcinogens
praduce positive responses in the Ames test. The Ames Test has been used in over 2,000 [aboratories worldwide
for drug and food additive screening, product development, and environmental testing [New Jersey DEP, 1983).

To assess clastogenic effects (chromosomal breakage) either the mammalian sister chromatid exchange test or a
mammalian cell chromosomal aberrations test can be conducted. Both of these tests typically use Chinese
hamster ovary cell cultures and involve cytologic examination after exposure to determine if ¢chromosomal
effects are evident. The Organization of Economic Cooperation Development (OECD) test methodology is
recommended [OECD]. EPA's Office of Toxic Substances and Office of Pesticides Programs also have published
test methods [U.S. EPA 1982a and 1982b] that are consistent with the OECD tests.

Most effluent samples need special preparation (for example, concentration) to produce a measurable biofogical
indicator test response for human health effects. When samples are concentrated, the response is calcutated in
terms of the pre-concentration sample. In addition, for genotoxicity tests, because many chemicais are not
actively mutagenic in humans until they enter the body and are metabolized, many in vitro tests are
supplemented with extracts from mammalian livers which act as a source of enzymes. The extract enzymes act to
mimic metaboli¢c activation of procarcinogens and promutagens in humans, providing a more realistic picture
of potential effects [U.5. EPA, 1979].

A number of genetic toxicity assay batteries have been suggested in order to address the many potential effects
produced by nonthreshold chemicals (for which no safe level exists) [U.S. EPA, 1979; Lave and Omenn;
Environment Canada). In addition to providing assays that detect different endpoints, a battery of tests can
also be structured to minimize effort at the screening level while supplying more definitive data for samples
failing the initial tier of testing. Positive results can lead to further effiuent characterization, including
priority and other pollutant chemical analyses, or mutagenicity testing of specific processes or effluent
fractions. Another approach wouid be to evaluate the effects of various treatment or waste segregation
techniques on mutagenicity [McGeorge, et. al., 1985).

Many of the proposed test batteries utilize the Ames Assay as a screening level test because of its relatively
high degree of sensitivity (i.e. a high percentage of carcinogens are Ames positive) and specificity (i.e. a high
percentage of noncarcinogens are Ames negative) [Tennant, et. al., 1987]). One study of 28 selected industrial
discharges revealed that 11 of the 28, or 399, produced positive results using the Ames Test (described below).
Other test endpoints frequently covered in the initial tier of testing include mammalian cell chromosomat
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
commondy used short-term tests covering these endpoints did not show significant differences in individual
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concorgance with rodent carcinogenicity results for pure chemicals {Tennant, et. al.,, 1987]. This suggests that
if a sample causes onfy one type of endpoint as measured by several screening level tests, its potential to cause
human health effects should not be disregarded.

To assess the potential carcinogen hazard, subsequent tests focusing on effluent-induced malignant changes in
mammalian cells in vitro can be conducted, Higher levels of testing may include jn vivo rodent testing or the
Medaka (fish) tumor assay, for example. It should be noted that under existing guidelines, in yivo mammalian
tumor assays are necessary to establish a material a5 a2 possible human carcinogen. Results from short term tests
alone are considered as inadequate to establish human carcinogenicity [U.S. EPA, 1986c]). Guidelines for risk
assessment of individual compounds are covered in .S, EPA, 1986b and 1987c¢.

In vivo tests on complex mixtures are extremeiy complicated and expensive given the varlablhty 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 batanced against the cost of conducting a
causative agent identification evaluation. Given the identity of the substance leading to positive resulfts in
short term in yitro tests, it should ret be necessary to generate in vivo dose-response data for fisk .
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 ciues to appropnate
effluent treatment technologles needed to reduce effluent mutagenicity.

In weighing the need for more definitive biological assays against causative agent evaluation, the frequency
(i.e., how often the effluent tests positive) and intensity (e.g., revertants/liter) of the effluent's mutagenicity
must be considered. As a default assumption, a high dose of a carcinogen received over a short period of time is
equivalent to a Jow dose spread over a life-time [U.S. EPA, 1986¢]. While effluents which are highly variabie
in their mutagenicity are of concern, they witl be more difficult and costly to deal with in subsequent phases of
study.

Accordingly, the initial tler 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 oh a more concise assessment of risk. Such an assessmerit can be used to
deflineate hazard type; in effect, to separate germ celi mutations (heritable genetic risk) from carcinogen risk,
Thus, to assess heritable mutation, subsequent testing should focus on mammalian germ cells, ultimately tested
in vivo [U.5. EPA, 1986b). To assess potential carcinogen hazard, subsequent tests focusing on effluent-induced
malignant changes in jn vitro mammalian systems should.be conducted, Uftimately, testing must result in a

dose-response assessment to be used with an exposure assessment in characterizing risk [U.S. EPA, 1987a].

EPA's Region V (Chicago), New Jersey, and Environment Canada have been conducting mutagenicity testing at
selected facilities. 1n 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 fersey Administrative Code” [N.].5.A. Section 7:9-4.5
(a)4, May 1985]. . \

For both types of endpoints (genotoxicity. and carcinogenesis), hazard identification should be followed by
quantitative risk assessment which includes assessment of dose response (requiring in vivo data) and human
exposure, Human exposure assessment typically considers the composition and size of the population exposed
and the types, magnitude, frequency and duration of exposures [U.S. EPA, 1986d]).

Evaluation of Etfluent Genotoxicity 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 2 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 requite 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 te aid in defining exposure risk, as well as
determining recelving water concentration.

One possible tool for evaluating results of biological indicator effiuent screening is the "relative potency
approach,” a concept used rather widely in radiation biology and chemical pharmacology. The relative
potency of an effluent is the dose of a reference agent needed to produce an effect of a given magnitude in a
particular bioassay, divided by the dose of the effluent needed to produce the same magnitude of the same
effect in the same bioassay. A predictive battery of several short-term biological tests, when standardized to a
reference agent, could provide a rank or comparative estimate of the hazard posed by an effluent in the context
of measures of other known hazards [Glass, 1988). It should be recognized that this approach does not consider
expasure through bivaccumulation.

When screening has indicated a high potential for health hazard, further assessment should be required, A
chemical-specific approach is recommended to evaluate and regulate the discharge constituents. The first half
of this process involves characterizing the composition of the effluent. Typically, only a small fraction of the
total arganic carbon (TOC) can be accounted for as individual chemicals. Therefore, effort should be placed on
identifying constituents through means other than chemical analysis, such as through a detailed process
evaluation and/or toxicant characterization evaluation.

A process evaluation is a study in which components in the wastewater are determined from an analysis of
feedstocks, manufacturing processes, products, by-products, and pollution control in place. The result is a list
of compounds or classes of compounds with a high probability of being present in the wastewater. Chemical
analysis can also be conducted for not only the priority pollutants but also nonpriority pollutant peaks and
bioconcentratable chemicals {EPA/600/XX-XX]. IRIS and SAR can be used to determine the likelihood that a
given compound is causing positive results in the bioassay. The toxicant characterization evaluation can
provide information on the physical/chemical nature of the chemical producing positive bicassay resuits.

Summary of Current Biological Indicator Tests for Non-Threshold Human Health Toxicants

The following tests are currently in use or under development for assessing carcinogenicity or mutagenicity:

+ Salmonella typhimurium Assay (Ames Test) [U.5. EPA, 1985 and 1983]
Background: Strains of Salmonella requiring the amino acid, histidine, are exposed to a solvent
extract of the effluent. Tests are performed with and without added rat liver enzyme for activation
of indirect mutagens. The bacteria are grown on histidine-free medium; colony formation
indicates the effluent contains mutagenic compounds capable of genetically altering the bacteria.

Endpoint: Gene mutation; response measured in revertant colonies/L effiuent.

: Test is rapid, relatively inexpensive. The Ames Test has been shown to have broad
application for the assessment of the mutagenic activity of a diversity of industrial effluent types
[McGeorge, et. al., 1985]. Test sensitivity and specificity are documented fAshby and Tennant,
1588]. ‘ ' -
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Disadvantages: Requires metabolic activation and several different strains of Salmonella to detect
a broad range of compounds, requires extrapolation from prokaryot, use of effiuent extract may
exclude certain types of compounds, epigenetic carcinogens not detected.

Cost: Approximately $1200 [Lave and Omenn, 1986]

» Escherichia coli SOS Assay (505 Chromotest) [Quillardet, et.al, 1985).

Backgroynd: AN cells contain an "SOS” enzymatic system for detecting and correcting errors in

their genetic material. A strain of E,_coli has been genetically engineered so that DNA damage

ultimately results in production of an enzyme which reacts with test reagents to form a blue color,

Bacteria are exposed to effluent or an extract of the effluent, with or without added rat fiver

enzyme for activation indirect mutagens. The intensity of color produced indicates the extent to
- which the effluent contains mutagenic compounds capable of damaging bacterial DNA,

Endpoint: DNA damage; response measured as the change in optical density.

Advantages: Simple kit commercially available, test requires <8 hrs to perform, relatively
inexpensive. Test sensitivity, specificity documented [Quillardet, et.al,, 1985],
Requires metabolic activation, extrapolation from prokaryot, use of effluent

extract may exclude certain types of compounds, epigenetic carcinogens not detected, measurement
of effect must be referenced to known genotoxic compound.

Cost: 7?

* Sister-Chromatid Exchange Assay (SCE) [Eckl, et. al., 1987]

Background: Sister chromatid exchange occurs when damaged DNA is replicated during cell
division, Recent advances allow the use of cultured rat hepatocytes in detecting SCE formation,
thus precluding the need to add rat liver enzyme for metabolic activation. Hepatocyte exposure to
the sample is effected by using filter sterilized effluent in preparing the cell culture medium.
Exposed cells are lysed and genetic material fixed in order to count SCEs.

Endpoint: DNA damage; response measured in SCE per chromosome/L effluent.’

. Test is rapid, refatively inexpensive, does not require metabolic activation {therefore
more realistic). Uses mammalian cells, therefore results more readily applicable to humans.
Disadvantages: Sensitivity, specificity not well documented, test more complex relative to -
prokaryotic systems, fiiter sterilization may remove some genotoxic compounds from the sample,
epigenetic carcinogens not detected. ;

Cost: $5000 [Jirtle, 1989]

s HGPRT Assay with Chinese Hamster Qvary Celis (HGPRT/CHO} [Hsie, et. al., 1981)

Background: Strains of Chinese Hamster Ovary cells in culture are exposed to the effluent or an
extract of the effluent, with or without added rat liver-enzyme. . Mutagen interactions with certain
sections of the DNA make the cell resistant to toxicants like 6-thioguanine. Cell survival is used
to indicate both cytotoxicity (cell death) and genetic mutations resulting from effluent
components.

Endpoint: Gene mutation; response measured in % survival/L,

Advantages: Test is rapid and uses a mammalian system.

Sensitivity, specificity not well documented, use of effluent extract may exclude
certain types of compounds, epigenetic carcinogens not detected, requires metabolic activation.

Cost: $6500

e Medaka Tumor Assay [LLS. EPA, 1988; U.S. EPA, 1989b.]

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.

Endpoint: Tumor formation, response measured in frequency of tumors at a given site/effluent
concentration.

Advantages: Use of whole effluent, whole organism, oncogenic endpoint
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: Carcinogen levels in unconcentrated effluent may not be high enough to produce
tumars at a detectable frequency in exposed populations, effluent must not be toxic to Medaka,
requires extrapolation from non-mammalian system, relatively expensive, length of test, endpoint
requires pathologist experienced in fish cancers, method still in developmental stages.

Cost: $20,000 [Johnson, 1989).

Other Human Health Etfects

Toxicants present in effiuents 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
heaith effects could include suppression of the immune system, neuratoxicity, specific organ toxicity, or
developmental toxicity. These effects occur after exposure above a presumed safe (threshoid) ievel and-are
referred to as "systemic."

Formerly, the only means to assess systemic effects was by using subchronic toxicity procedures designed to
determine the effects that may occur with repeated exposure.over a part of the average life span of an
experimental animal. However, such studies are expensive ($100,000 and over) and beyond the cost constraints
for most effluent analyses, As an alternative, a number of short-term in vitro tests utilizing mammalian cells
have been developed [U.5. EPA, 1978; Wilson, 1978; Kimmel, et. al,, 1982; 8rown and Fabro, 1982;
Borenfreund and Puerner, 1985). Test endpoints include cytotoxicity, effects on cell growth, division, structure,
metabolism and function, alterations in enzyme activities, and metabolite formation.

As with the nonthreshhold assays previously discussed, these in vi{ro assays only serve to qualify potential
human health hazards. In the case of positive jn vitro resuits, tests on intact mammals can be pursued in order
to confirm screening test findings and establish a dose-response relationship. Alternatively, causative agent
evaluations resulting In either the identity of the toxicant or toxicity treatability data may be pursued.

Current Limitations of the Biological Regulatory Approach

At present, the use of biological indicator tests as a regulatory tool is limited for a number of reasons.  First,
biological indicator information must be linked to human exposure to wastewater components. To date, no
definitive mechanism exists for interpreting the human health hazard implications of the biological test
results. While many jo vitro (i.e. test tube) human health assays provide data about celiular changes relative to
the dose delivered to the target tissue, they do not provide the information necessary to correlate
environmental exposure to target tissue dose or cellular change to ultimate human health effects (e.g., cancer),
The higher animal testing necessary to quantify the:dose-response relationship (or "potency” of the effluent)
would be extremely costly,

Second, as with aquatic organism toxicity tests, a human heaith hazard test must be capable of dealing with
intra- and interspecies sensitivity variability. This concern is particularly relevant for those effluents
containing chemicals which only become carcinogenic upon metabolism by mammalian systems (i.e,
procarcinogens). The use of cultured human liver cells (hepatocytes), currently being tested, would eliminate
the need for interspecies extrapolation,

Finally, whole effluent testing to assess potential human health impacts presents several unique practical
problems such as the continual change in composition typical for most effiuents, 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 conventicnally measured. [Anderson-
Carnahan, article In preparation].

Until additional research resolves these difficulties, biologica! indicator tests will be most useful as screening
tools, with actual regutation of effluents posing potential health hazards likely to remain on a chemical-by-
chemical basis.
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REFERENCE DOSE (RFD): DESCRIPTION AND USE IN
HEALTH RISK ASSESSMENTS

{ntroduction

This concept paper describes the U.S. Enviranmental Protection Agency's (U.S. EPA) principal approach to and
rationale for assessing risk for health effects other than cancer and gene mutations from chronic chemical
exposure. By outlining principles and concepts that guide EPA risk assessment for such systemic effects the
paper complements the new risk assessment guidelines {U.S. EPA, 1987), which describe the Agency's approach
to risk assessment in other areas, specifically carcinogenicity, mutagenicity, developmental toxicity, exposure,
and chemical mixtures. {in this document the term "systemic toxicity" refers to an effect other than
carcinogenicity or mutagenicity induced by a toxic chemical.)

Background and Summary

Chermcals that give rise to toxic endpoints other than cancer and gene mutations are often referred to as

“systemic toxicants" because of their effects on the function of various organ systems. In addition, chemicals
that cause cancer and gene mutations also commonly evoke other toxic effects (i.e., systemic toxicity). Based on
our understanding of homeostatic and adaptive mechanisms, systemic toxicity is treated as if there is an
identifiable exposure threshold (both for the individual and for populations) below which there are no
observable adverse effects. This characteristic distinguishes systemic endpoints from carcinogenic and
mutagenic endpoints, which are often treated as nonthreshold processes.

Systemic effects have traditionally been evaluated using such terms as "acceptable daily intake (AD1)," "safety
factor (SF)," and "margin of safety (MOS),” concepts that are associated with certain limitations described
below. The U.S. EPA established the Reference Dose (RfD) Work Group to address these concerns.

In preparing this report, the RfD Work Group has drawn on traditional report on risk assessment (NRC, 1983), to
more fully articulate the use of noncancer, nonmutagenic experimental data in reaching reguiatory decisions
about the significance of exposures to chemicals. In the process, the Work Group has coined less value-laden
terminofogy -- "reference dose (RfD)," "uncertainty factor (UF)"; "margin of exposure (MOE)"; and "regulatory
dose (RgD)" -- to clarify and distinguish between aspects of risk assessment and risk management. These
concepts are currently in general use in many parts of U.S. EPA.

Traditional Approach to Assessing Systemic Toxicity

The U.5. EPA's approach to assessing the risks assoclated with systemic toxicity is different from its approach
to assessing the risks associated with carcinogenicity, because of the different mechanisms of action thought to
be involved in the two cases. In the case of carcinogens, the Agency assumnes 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 leve! of exposure for such a
chemical that does not pose a small, but finite, probability of generating a carcinogenic response. In the case
of systemic toxicity, however, organic homeostatic, compensating, and adaptive mechanisms exist that must be
overcome before a toxic endpoint is manifested. For example, there could be a large number of cells performing
the same or similar function whose population must be significantly depleted before the effect is seen.

The threshold concept is important in the regulatory context. The individual threshold hypothesis holds that a
range of exposures from zero to some finite value can be tolerated by the organism with essentially no chance
of expression of the toxic effect, Further, it is often prudent to focus on the most sensitive members of the
pooulatfon therefore, regulatory efforts are generally made to keep exposures below the population threshold,
which is defined as the lowest of the thresholds of the individuals within a population.
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Description of the Traditional Approach

In many cases, risk decisions on systemic toxicity have been made by the Agency using the concept of the
"acceptable daily intake (ADI)" derived from an experimentally determined "no-observed-adverse-effect level
(NOAEL)." The AD!is commonly defined as the amount of a chemica! to which a person can be exposed on a
daily basis over an extended period of time (usually a lifetime) without suffering a deleterious effect. The ADI
concept has often been used as a tool in reaching risk management decisions (e.g., establishing allowable
levels of contaminants in foodstuffs and water.)

A NOAEL is an experimentally determined dose at which there was no statistically or biologically significant
indication of the toxic effect of concern. in an experiment with several NOAELs, the regulatory focus is
normally on the highest one, leading to the common usage of the term NOAEL as the highest experimentaily
determined dose without a statistically or biologically significant adverse effect. The NOAEL for the critical
toxic effect is sometimes referred to simply as the NOEL. This usage, however, _invites ambiguity in that there
may be observable effects that are not of toxicological significance (i.e., they are not "adverse™). For the sake
of precision, this document uses the term NOAEL to mean the highest NOAEL in an experiment. In cases in
which a NOAEL has not been demonstrated experimentally, the term “lowest-observed-adverse-effect level
(LOAEL)" is used.

Once the critical study demonstrating the toxic effect of concern has been identified, the selection of the
NOAEL results from an objective examination of the data available on the chemical in question. The ADI is
then derived by dividing the appropriate NOAEL by a safety factor (SF), as follows:

ADI (human dose) = NOAEL (experimental dose)/SF {Equation 1)

Generally, the SF consists of multiples of 10, each factor representing a specific area of uncertainty inherent in
the available data. For example, a factor of 10 may be introduced to account for the possible ditferences 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, th