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5. PERMIT REQUIREMENTS 

5.1 INTRODUCTION 
As the final step in the “standards-to-permits” process, develop- 
ment of permit requirements is often the culmination of the 
activities discussed in the preceding chapters. This chapter 
describes the basic principles of effluent variability and permit 
limit derivation and provides recommendations for deriving limits 
from various types of wasteload allocation outputs such that 
water quality standards are protected. It also addresses important 
considerations in the expression of limits and other types of 
permit requirements, including toxicity reduction evaluations. 
The first portion of the chapter deals principally with aquatic life 
protection. Permitting for protection of human health is found in 
Section 5.4.4. 

5.1.1 Regulatory Requirements 

There are both mandatory and discretionary elements associated 
with the development of water quality-based permit limits to 
control toxic pollutants and toxicity. The mandatory elements are 
described in the revisions to the National Pollutant Discharge 
Elimination System (NPDES) Surface Water 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 potential to 
cause, or contributes to an excursion above water quality stan- 
dards (narrative or numeric). In making these determinations, 
regulatory authorities must use a procedure that accounts for 
effluent variability, existing controls on point and nonpoint sources 
of pollution, available dilution, and (when using toxicity testing) 
species sensitivity. Each of these regulations were previously 
discussed in Chapter 3. 

There is a degree of flexibility in the specific procedures a regula- 
tory authority uses in determining whether an excursion occurs or 
is reasonably expected to occur and in the weight given to the 
various factors in conducting the evaluation of a specific dis- 
charger. The Environmental Protection Agency’s (EPA) guidance 
for making these determinations is contained in the recommen- 
dations in Chapter 3. 

There are also several EPA policies that reflect these regulatory 
requirements, including the “National Policy for the Development 
of Water Quality-Based Limits for Toxic Pollutants” (Appendix B- 
2) and EPA’s “Whole Effluent Toxicity Permitting Principles and 
Enforcement Strategy,” (Appendix B-4). This strategy states that 
“all major permits and minors of concern must be evaluated for 
potential or known toxicity (chronic or acute if more limiting).” In 
addition, the strategy states that “[final whole effluent toxicity 
limits must be included in permits where necessary to ensure that 
State Water Quality Standards are met. These limits must prop- 
erly account for effluent variability, available dilution, and species 
sensitivity.” 

There is an element of judgment inherent in the specific permit 
limit derivation procedures used for an individual discharger once 
a decision has been made to develop a specific type of limit. 
Case-specific considerations will usually dictate the most appro- 
priate approach to be taken in individual situations. Nevertheless, 
the various assumptions used in the permit limit development 
process should be consistent with the assumptions and principles 
inherent in the effluent characterization and exposure assessment 
steps preceding permit limit development. The permit limit 
derivation procedure used by the permitting authority should 
be fully enforceable and should adequately account for efflu- 
ent variability, consider available receiving water dilution, 
protect against acute and chronic impacts, account for com- 
pliance monitoring sampling frequency, and protect the 
wasteload allocation (WLA) and ultimately water quality stan- 
dards. To accomplish these objectives, EPA recommends that 
permitting authorities use the statistical permit limit deriva- 
tion procedure discussed in Section 5.4 with the outputs from 
either steady state or the dynamic wasteload allocation mod- 
eling. 

5.2 BASIC PRINCIPLES OF EFFLUENT 
VARIABILITY 

An understanding of the basic principles of effluent variability is 
central to water quality-based permitting. Many of the concepts 
are the same as those considered in the development of technol- 
ogy-based limits. However, the process for applying the prin- 
ciples is substantially different, as explained below. 

5.21 Variations in Effluent Quality 
Effluent quality and quantity vary over time in terms of volumes 
discharged and constituent concentrations. Variations occur due 
to a number of factors, including changes in human activity over 
a 24-hour period for publicly owned treatment works (POTWs), 
changes in production cycles for industries, variation in responses 
of wastewater treatment systems to influent changes, variation in 
treatment system performance, and changes in climate. Very few 
effluents remain constant over long periods of time. Even in 
industries that operate continuous processes, variations in the 
quality of raw materials and activities, such as back-washing of 
filters, cause peaks in effluent constituent concentrations and 
volumes. 

If effluent data for a particular pollutant or pollutant parameter for 
a typical 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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Figure 5-1. Data Relative Frequency Distributions for Ceriodaphnia Toxicity, Daphnia Toxicity, 
and Zinc Concentrations for Three Different Effluents 
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5.2.2 Statistical Parameters and Relathnsh(p to Pemdt 
Lhdts 

Based upon the shape of the curve of a frequency-concentration 
plot, the data can be described in terms of a particular type of 
statistical distribution. The choices for statistical distributions 
include normal (bell-shaped), lognormal (positively skewed), or 
other variations on the lognormal distribution. From the vast 
amount of data that EPA has examined, it is reasonable to assume 
(unless specific data show otherwise) that treated effluent data 
follow a lognormal distribution. This is because effluent values 
are non-negative and treatment efficiency at the low end of the 
concentration scale is limited, while effluent concentrations may 
vary widely at the high end of the scale, reflecting various degrees 
of treatment system performance and loadings. These factors 
combine to produce the characteristically positively skewed ap- 
pearance of the lognormal curve when data are plotted in a 
frequency histogram. Appendix E discusses the basis for conclud- 
ing that effluent data are typically lognormally distributed, as well 
as recommendations for handling data sets from treatment plants 
that follow some other type of distribution. 

Effluent data from any treatment system may be described using 
standard descriptive statistics, such as the mean concentration of 
the pollutant or pollutant parameter (i.e., the long-term average 
[LTA] and the coefficient of variation [CVj). The CV is a standard 
statistical measure of the relative variations of a distribution or set 
of data, defined as the ratio of the standard deviation to the 
mean. Using a statistical model, such as the lognormal, an entire 
distribution of values can be projected from limited data, and 
limits can be set at a specified probability of occurrence. Figure 5- 
1 shows the frequency-concentration curve and the relative posi- 
tions of the concentrations corresponding to the mean for the 
data. 
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Figure S-2a. Relationship Between a Single Wasteload 
Allocation and Two Long-Term Averages 

for Different Coefficients of Variation 

All permit limits, whether technology-based or water quality- 
based, are set at the upper bounds of acceptable performance. 
The purpose of a permit limit is to specify an upper bound of 
acceptable effluent quality. For technology-based requirements, 
the limits are based on proper operation of a treatment system. 
For water quality-based requirements, the limits are based on 
maintaining the effluent quality at a level that will comply with 
water quality standards, even during critical conditions in the 
receiving water. These requirements are determined by the WM. 
The WIA dictates the required effluent quality which defines the 
desired level of treatment plant performance or target LTA. 

In the development of technology-based effluent limits guide- 
lines, the operating records of various wastewater treatment facili- 
ties for a particular category of discharger are examined. Based 
on the effluent data for the treatment facilities, a composite mean 
or LTA value for the parameter is determined. This LTA value, 
with relevant estimates of variability, is then used to derive efflu- 
ent limit guidelines, which lead directly to permit limits. 

In contrast, the process operates in reverse for water quality-based 
permit limits. The WV\, 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 WIA. 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 S-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 assump- 
tions built into other steps in the process (e.g., water quality 
models, “buffer” between permit limits and actual operating 
conditions) to ensure that there will be no reasonable potential for 
excursions above water quality standards. 

5.23 &m?ssho of Pemit lhits 
The NPDES regulations at 40 CFR 122.45(d) require that all permit 
limits be expressed, unless impracticable, as both average monthly 
and maximum daily values for all discharges other than POlWs 
and as average weekly and average monthly limits for POTWs. 
The maximum daily permit limit (MDL) is the highest allowable 
discharge measured during a calendar day or 24-hour period 
representing a calendar day. The average monthly permit limit 
(AML) is the highest allowable value for the average of daily 
discharges obtained over a calendar month. The average weekly 
permit limit (AWL) is the highest allowable value for the average 
of daily discharges obtained over a calendar week. 

EPA believes that a maximum daily permit limit can be directly 
used to express an effluent limit for all toxic pollutants or pollutant 
parameters except chronic whole effluent toxicity. The typical 
toxicity test used to measure chronic toxicity consists of samples 
collected from at least 3 different days over a 7-day period. 
Therefore, the test does not measure toxicity in any given 24-hour 
period or calendar day, but rather measures toxicity over a 7-day 
period. The toxicity could be caused by any one sample or a 
combination of samples. To address this situation, EPA recom- 
mends that the permit contain a notation indicating that 
when chronic toxicity tests are required in a permit, the MD1 
should be interpreted as signifying the maximum test result 
for the month. 

Additionally, in lieu of an AWL for POTWs, EPA recommends 
establishing an MDL (or a maximum test result for chronic toxic- 
ity) for toxic pollutants and pollutant parameters in water quality 
permitting. This is appropriate for at least two reasons. First, the 
basis for the 7-day average for POTWs derives from the secondary 
treatment requirements. This basis is not related to the need for 
assuring achievement of water quality standards. Second, a 7-day 
average, which could comprise up to seven or more daily samples, 
could average out peak toxic concentrations and therefore the 
discharge’s potential for causing acute toxic effects would be 
missed. A MDL, which is measured by a grab sample, would be 
toxicologically protective of potential acute toxicity impacts. 

5.3 EHSURIWG CONSISTENCY WITH THE 
waslEl.oao au.ocaTloH 

The WLA provides a definition of effluent quality that is necessary 
to meet the water quality standards of the receiving water. The 
WIA is based on ambient criteria and the exposure of the resident 
aquatic community or humans to toxic conditions. Once a WIA 
has been developed, accounting for all appropriate consider- 

ations, a water quality-based permit limit may be derived to 
enforce the WLA. The method used to derive the permit limits 
must be consistent with the nature of the WLA. 

The WIA 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. I 3tat&tlcol &onsi~~os of bus 
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 WIA typically establishes a 
level of effluent quality with the assumption that it is a value never 
to be exceeded. The same value used directly as a permit limit 
could allow the WLA to be exceeded without observing permit 
violations if compliance monitoring was infrequent, Confusion 
can also result in translating a longer duration WlA requirement 
(e.g., for chronic protection) into maximum daily and average 
monthly permit limits. The permit writer must ensure that permit 
limits are derived to implement a WIA requirement correctly. 
Potential problem areas are as follows: 

The WL4 must be enforced in a regulatory context by 
translating it into MDLs and AMLs; then and only then, will 
compliance monitoring associated with permit limits allow 
the regulatory authority to determine whether or not such 
permit limits are violated. 

The WLA that assumes that the discharge is steady state 
(i.e., not changing over time) requires a limit derivation 
assumption regarding how the effluent may vary. 

MDLs and AMLs average monthly limits must be developed 
so that they are consistent with each other and mandate 
the required level of wastewater treatment facility perfor- 
mance. 

If the acute WLA is used alone directly as the MDL, the limit 
will not necessarily be protective against chronic effects. If 
the acute WLA is used alone directly as the AML, the limit 
can allow excursions above the WIA within each month. 

If the chronic WLA is used alone as an MDL, the limit will be 
protective against acute and chronic effects but at the 
expense of being overly stringent. If the chronic WLA is 
used alone as the AML, the limit may be protective against 
acute and chronic effects depending upon effluent variabil- 
ity. 

The objective is to establish permit limits that result in the effluent 
meeting the WL4 under normal operating conditions virtually all 
the time. It is not possible to guarantee, through permit limits, 
that a WLA will never be exceeded. It is possible, however, using 
the recommended permit limit derivation procedures, to account 
for extreme values and to establish low probabilities of exceedence 
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of the WIA 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 exceeclence 
of the WIA, 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 WIA 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 WIA 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 WIA requirements. If the effluent “fingerprint” for this 
LTA (and associated CV) is projected, it can be seen that the 
distribution of daily effluent values will not exceed the acute or 
chronic wasteload allocations for unacceptable periods of time. 
The duration and frequency requirements 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 WIA and the average 
monthly limit is lower than the chronic WIA. This scenario will 
occur when a 99-percent probability basis is used to calculate the 
LTA and a 95percent probability basis is used to calculate the 
permit limits from the lower of the acute and chronic LTA. For 
other probability assumptions, these relationships will differ.) 

5.3.2 Tvpes of Water QuaMy Models and ModsI lli@wts 
Each of the two major types of water quality models, steady-state 
and dynamic, and their WlA outputs ha\‘? specific implications 
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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 below. EPA recommends 
that steady-state WLA analyses generally be used by permit- 
ting authorities in most cases and especially where few or no 
whole effluent toxicity or specific chemical measurements are 
available, or where daily receiving water flow records are not 
available. Two-value, steady-state models, although potentially 
more protective than necessary, can provide toxicologically pro- 
tective results and are relatively simple to use. If adequate 
receiving water flow and effluent concentration data are avail- 
able to estimate frequency distributions, EPA recommends 
that one of the dynamic WLA modeling techniques be used to 
derive WiAs that will more exactly maintain water quality 
standards. 

Steady-State Modeling 

Traditional single-value or two-value steady-state WIA models 
calculate WlAs at critical conditions, which are usually combina- 
tions of worst-case assumptions of flow, effluent, and environ- 
mental effects. For example, a steady-state model for ammonia 
considers the maximum effluent discharge to occur on the day of 
lowest river flow, highest upstream concentration, highest pH, 
and highest temperature. Each condition by itself has a low 
probability of occurrence; the combination of conditions may 
rarely or never occur. Permit limits derived from a steady-state 
WL4 model will be protective of water quality standards at the 
critical conditions and for all environmental conditions less than 
critical. However, such permit limits may be more stringent than 
necessary to meet the return frequency requirements of the water 
quality criterion for the pollutant of concern. 

On the other hand, a steady-state model approach may involve 
simplifying assumptions for other factors, such as ambient back- 
ground concentrations of a toxicant, multiple source discharges 
of a toxicant, number of pollutants causing toxicity, incorrect 
effluent variability assumptions, and infrequent compliance moni- 
toring. The effect of these types of factors, especially if unaccounted 
for in the WLA determination, can reduce the level of protective- 
ness provided by the critical condition assumptions of the steady- 
state model approach. Therefore, when using a steady-state WIA 
model, the permitting authority should be aware of the different 
assumptions and factors involved and should consider these as- 
sumptions and factors adequately consideration when develop- 
ing permit limits. 

In general, steady-state analyses tend to be more conservative 
than dynamic models because they rely on worst case assump- 
tions. Thus, permit limits derived from these outputs will gener- 
ally be lower than limits derived from dynamic models. 

o) Sing/e Value From a Steady-Stote Analysis 

Some single-value, steady-state modeling has been used to calcu- 
late only chronic WlAs. These models produce a single effluent 
loading value and no information about effluent variability. Single 
value WLAs are typically based upon older State water quality 
standards that do not specify levels for both acute and chronic 
protection but only include one level of protection. Such outputs 
also would be found where a model is based upon protection of 
human health, since only a single long-term ambient value is of 
concern. 
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b) Two Values from Steady-State Analysis 

Steady-state modeling for protection of aquatic life can specify 
two sets of calculations-one for protection against acute effects 
and one for protection against chronic effects. These models 
must use water quality criteria specifying two levels of protection. 
In addition, these models include considerations of mixing zones 
when developing 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 
limits. 

For complex discharge situations (i.e., multiple dischargers or 
complex environmental factors needing consideration), water qual- 
ity models and associated WLAS are typically developed by spe- 
cialized water quality analysts in the regulatory authority. How- 
ever, the permit writer is often required to develop a water quality 
model and WLA prior to permit limit derivation. In the latter 
situation, water quality modeling usually consists of simple steady- 
state dilution models using worst-case assumptions. 

Dynamic Modeling 

Dynamic models use estimates of effluent variability and the 
variability of receiving water assimilation factors to develop efflu- 
ent requirements in terms of concentration and variability. The 
outputs from dynamic models can be used to base permit limits 
on probability estimates of receiving water concentrations rather 
than worst-case conditions. The advantages and disadvantages 
of various types of dynamic models are provided in Chapter 4. 

In general, dynamic models account for the daily variations of and 
relationships between flow, effluent, and environmentat condi- 
tions and therefore directly determine theactual 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, Wk developed by dynamic models are typically 
higher than those developed by steady-state models. 

A targeted long-term average performance level and coefficient of 
variation can be derived from each type of dynamic model out- 
put, but some of the outputs require some additional manipula- 
tion of the data to develop the LTA and the CV. These parameters 
are also the starting point for the statistical permit limit derivation 
procedures discussed in the next section. Continuous Simula- 
tion models offer an array of effluent data that require further 
manipulation to develop an LTA and a CV. Both Monte Carlo 
and Lognormal Probabilistic models produce an LTA and CV, 
which can be used directly in developing permit limits. Chapter 4 
details the different dynamic models. Specific instructions for the 
use of dynamic models are available in the references listed at the 
end of Chapter 4. 

5.4 PERMlTlJMlTDERlVATlOW 

There are a number of different approaches currently being used 
by permitting authorities to develop water quality-based limits for 

toxic pollutants and toxicity. Differences in approaches are often 
attributable to the need for consistency between permit limit 
derivation procedures and the assumptions inherent in various 
types of water quality models and WlA outputs. In addition, 
permitting authorities also are constrained by legal requirements 
and policy decisions that may apply to a given permitting situa- 
tion. In some instances, however, permitting procedures have 
been adopted without careful consideration of the toxicological 
principles involved or the advantages and disadvantages of the 
procedure. 

To avoid this problem, EPA recommends that the statistical 
permit limit derivation procedure described in this chapter be 
used for the derivation of both chemical-specific and whole 
effluent toxicity limits for NPDES permits. The type of WLA 
chosen from which to derive the limits is a matter of case-by-case 
application, as determined by the permitting authority. Although 
there are advantages and disadvantages associated with each of 
the procedures, EPA believes that the statistical derivation proce- 
dures will result in the most defensible and protective water 
quality-based permit limits for both specific chemicals and whole 
effluent toxicity. 

The following section explains EPA’s recommended permitting 
procedures and highlights advantages and disadvantages of vari- 
ous other approaches. With this information, permitting authori- 
ties will be better informed when deciding on the most appropri- 
ate permit limit derivation approach. For example, permitting 
authorities may decide to derive water quality-based permit limits 
for all dischargers using a steady-state WIA 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 WV\ from which final permit limits would be derived. 
Box 5-l presents example permit limit calculations for each of the 
principal types of WL4 outputs dlscussed in Section 5.4.1. Permit 
limits derived from dynamic modeling are usually higher than 
those based upon steady-state modeling. The difference is re- 
flected in Box 5-l and has been observed in actual applications [l, 
2, 31. In addition, the case studies in Chapter 7 illustrate how 
water quality-based permit limits are derived and compare the 
results of limits derived from steady state and dynamic wasteload 
allocations. 

54.1 EPA Rec~n~tituts for Pmritthrg for Aquatic 
Uf&? mtRctiun 

Permit Limit Derivation from Two-Value, Steady-State Out- 
puts for Acute and Chronic Protection 

A number of WL4s have two results: acute and chronic require- 
ments. These types of allocations will be developed more often as 
States begin to adopt water quality standards that provide both 
acute and chronic protection for aquatic life. These WLA outputs 
need to be translated into MDLs and AMLs. The following 
methodology is designed to derive permit limits for specific chemi- 
cals as well as whole effluent toxicity to achieve these WLAs. 

l A treatment performance level (LTA and CV) that will allow 
the effluent to meet the WLA requirement is calculated. 
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Box B-1. Sample Calculations of Permit Limits for Whole Effluent Toxicity 
from Different Wasteload Allocation Data 

r---- ----- .- - - --- 
L------------ Available Data 

1 

Two Value wasteload Dynamic model Single warteload j ------ --- - ---~-~_ 

allocation ~-----------.- output allocation - ---.--.-.- --A 
, Wastefoad Allocation (WLA) ____ _--_ 14.3 

Acute Wasteload Allocation (WlAa) 2.60 ---_ -__- 

Chronic Wasteload Allocation (WlAc) 14.3 __-_ __-_ 

I Acute-Chronic Ratio 4.62 ____ I-.- 

1 Coefficient of Variation (CV) 0.8 0.8 0.8 

) Number of Samples per Month (n) 4 4 4 

I Long Term Average (LTA) 
I 

---- 9.44 -_.- 
----- --i 

I- -.- - From two-value steady state wasteload allocatlon 
---7 I- - - - - - 

From dynamk model output I 

i I 
WLA,,,= WlA,*ACR = 2.6094.62 = 12.0 

LTA, = WfApe (0.504~-2.326041 = 14.300.440 (from Table 5-1) = 6.29 MDL = LTAc*e [2.326o-O.So*]= 9.4404.01 (from Table 5-2)= 37.9 

LTAa,c = WIAa,c*e [O.S$-2.3260]= 12.0*0.249 
II 
I 

(from Table S-l) = 2.99 

MDL = LTA,,c*e [2.326o-O.Sa*] = 2.99*4.01 (from Table 5-2) = 12.0 II AML = LTApe [2.3260n-O.Son*]= 9.44.2.27 (from Table S-2)= 21.4 

AML = LTAa,,*e [2.326o,-O.So,*~= 2.9902.27 (from Table 5-2) = 6.79 
I I 

! ! i__ -~---.- - - - - - - -I 

r---- -- ---- -.--------~ 
From slngk warteload allocation ------- ------------J 

lOntion 1 I 

I . LTA = WLA*e [0.502-2.32601 = 14.3*0.440 (from Table 5-l) = 6.29 
’ 

MDL = LTA-e [2.3260-O.Sa*] = 6.29*4.01 (from Table 5-2) = 25.2 ’ 
Note: All calculations use the 99th 

AML = LTA*e [2.3260,-OSo,*) = 6.29-2.27 (from Table 5-2) = 14.3 
percentile z statistic for calculation 

I of long-term averages and permit 
: Option 2 ’ limits- 

MDL =wlA = 14.3 I 

1 AML = MDLI2 = 7.15 
I - .- - .- - -J 

Where two requirements are specified based on different 
duration periods, two performance levels are calculated 
(Box 5-2, Step 2). 

l For whole effluent toxicity only, the acute WV\ is converted 
into an equivalent chronic WL4 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. 

l Permit limits are then derived directly from whichever per- 
formance level is more protective (Box 5-2, Steps 3 and 4). 

Figure 54 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. 

l This procedure provides a mechanism for setting permit 
limits that will be toxicologically protective. A steady-state 
WL4 uses a single value to reflect the effluent loading and 
thus is an inherent assumption that the actual effluent will 
not exceed the calculated loading value. If the WIA 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 effiuent (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 limited 
based on 4-day exposures after mixing at critical condi- 
tions. These requirements yield different effluent treatment 
requirements that cannot be compared to each other with- 
out calculating the LTA performance level the plant would 
need to maintain in order to meet each requirement. With- 
out this comparison (or in the absence of procedures that 
address this comparison), the WLA representing the more 
critical condition cannot be determined. A treatment sys- 
tem will only need to be designed to meet one level of 
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Box 5-2. Calculating Permit Limits Based on Two-Value Wasteload Allocation 

To set maximum daily and average 
monthly permit limits based on 
acute and chronic wasteload 

Step 1 (for whole effluent toxicity only) 

allocations, use the following four 
WLA,, (in TU,) = WLA, (in TU,) l ACR 

steps: 

Convert the acute wasteload 

1 allocation to chronic toxic Step 2 (start here for chemical specific limits) 
units. Skip to Step 2 for 
chemical-specific limits. LTA, c = Wu, c l e [o.52 - “1 

Calculate the long-term where o’ = fn(CV’+l) 

2 
average wasteload that will z = 1.645 for 95th percentile probability basis, and 
satisfy the acute and chronic z = 2.326 for 99th percentile probability basis 
wasteload allocations. 

Determine the lower (more 
LTA, = W& l e [“.50z - z”4] 

3 limiting) of the two long-term where 04* = ln(CV2/4 +l) 
averages z = 1.645 for 95th percentile probability basis, and 

z = 2.326 for 99th percentile probability basis 
Calculate the maximum daily 

Step 3 

Term Meaning 
LTA = min (LTA,, LTA,,) 

cv 

0 

w%,c 

w% 

W”c 

LTAsc 

LTA, 

T”a 
T”c 
ACR 

MDL 

AML 

Z 

Coefficient of variation 

Standard deviation 
Acute wasteload allocation 
in chronic toxic units 

Acute wastelaad allocation 
in acute toxic units 

Chronic wasteload 
allocation in chronic toxic 
units 

Acute tong-term average 
wasteload in chrunic units 

Chronic long-term average 
wasteload 
Acute toxic units 

Chronic toxic units 

Acute-to-chronic ratio 

Maximum daily limit 

Average monthly limit 

2 statistic 

Step 4 

MDL = LTA l e iza -o.52l 

where d = In(CV2+1) 
z = 1.645 for 95th percentile probability basis, and 
z = 2.326 for 99th percentile probability basis 

AML = LTA l e Izon - o.50,21 

where on2 = ln(CV*/n +l ) 
z = 1.645 for 95th percentile probability basis, and 
z = 2.326 for 99th percentile probability basis 

‘Full &tails of this procedure are found in Appendix E. 
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1 CakulateChmnic 1 

Calculate Maximum 
Dally Umlt 

/ 

I Calculate Avaraga 
Monthly Llmh I 

Figure S-4. Flowchart for Calculating Permit Llmits From 
Two-Value, Steady-State Wasteload Allocatlon 

for Aquatic Life Protection 

treatment for effluent toxicity-treatment needed to control 
the most limiting toxic effect. 

l 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: 

l 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. 

l 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-l 
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 WIA for specific 
chemicals or for whole effluent toxicity can be specified by using 
dynamic modeling from which the WIA is expressed as a required 
effluent performance in terms of the LTA and CV of the daily 
values. When a WLA is expressed as such, there is no confusion 
about assumptions used and the translation to permit limits. A 
permit writer can readily design permit limits to achieve the WLA 
objectives. The types of dynamic exposure analyses that yield a 
WLA in terms of required performance are the continuous simula- 
tion, Monte Carlo, and lognormal probabilities analyses. Chapter 
4 provides a general discussion of these models. Guidance manu- 
als for developing WLAS are listed in the references at the end of 
Chapter 4. Once the WL4 is determined, the permit limit deriva- 
tion procedure which can be used for both whole effluent toxicity 
and specific chemicals, is as follows: 

The WL4 is first developed by iteratively running the dy- 
namic model with successively lower LTAs until the model 
shows compliance with the water quality standards. 

The effluent LTA and CV must then be calculated from the 
model effluent inputs used to show compliance with the 
water quality standards. This step is only necessary for the 
Monte Carlo and continuous simulation methods. 

The permit limit derivation procedures described in Box 5 
2, Step 4 are used to derive MDLs and AMLs from the 
required effluent LTA and CV. Unlike these procedures for 
steady-state WIAS, 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: 

l It provides a mechanism for computing permit limits that 
are toxicologically protective. As with the procedure sum- 
marized below for two-value, steady-state WLA outputs, 
the permit limit derivation procedures used with this type 
of output consider effluent variability and derive permit 
limits from a single limiting LTA and CV. 

l 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. 

l Dynamic modeling determines an LTA that will be ad- 
equately protective of the WLA, which relies on actual flow 
data thereby reducing the need to rely on worst case critical 
flow condition assumptions. 
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Table S-l. Back Calculations of Long-Term Average 
---_----_---_ 

WIA Multipliers 
.-- - --- 

(-J/ I e[o.5 a2-201 I 

i--~-------- 
__ ---I 

95th 
Percentile 

____t----L------! 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.0 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 

0.853 
0.738 
0.644 
0.571 
0.514 
0.468 
0.432 
0.403 
0.379 
0.360 
0.344 
0.330 
0.319 
0.310 
0.302 
0.290 
0.290 
0.285 
0.2m 
0.277 

0.797 ; 
0.643 ( 
0.527 
0.440 
0.373 
0.321 
0.281 
0.249 
0.224 
0.204 1 
0.187 
0.174 
0.162 
0.153 
0.144 
0.137 
0.131 
0.126 1 
0.121 
0.117 I 

I_ - -.---~ -----------____-- - - -- -- ------ _ - - --- ---- ---, 

AC&? 

LTA,,c = WLA,, l e[“” 02- ’ = ’ 

here u*= /n[CV* + 11. 
2=1.645for95thpercentileoaxrnen~probebili(y,and I 

z= 2.326 for9Qth percentileoccurrerxe probability I 

--- ------------ I 
------- 

T--- - 
---_-------, 

WIA Multipliers I 

Chronic 
(4-day average) 

where u,2= ffl[CV2/4+ 11. 
z = 1.645foc95thpercentileoccunenceprobability,and 
z =2,326for991trpercentile~~eprohabiliOl 

cv 

0.; 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 

j e[o.s u4’- L u4 ] I 

7---- 
_-- ----- 

0.922 
0.853 
0.791 
0.736 
0.687 
0.644 
0.606 
0.571 
0.541 
0.514 
0.490 
0.460 
0.449 
0.432 
0.417 
0.403 
0.390 
0.379 
0.369 
0.380 

I 0.891 
0.797 

’ 0.715 
’ 0.643 
, 0.581 
/ 0.527 

0.481 
I 0.440 
1 0.404 

’ 
0.373 

’ 
0.345 
0.321 

, 0.300 
0.261 
0.264 

; 0.249 
0.236 

, 0.224 
i 0.214 

0.204 _L_ _--- - 

The principal disadvantages of this procedure are: Permit Limit Derivation From Single, Steady-State Model 
Output 

l Necessary data for effluent variability and receiving water 
flows may be unavailable, which prevents the use of this 
approach. 

Some State water quality criteria and the corresponding WlAs are 
reported as a single value from which to define an acceptable 

l The amount of staff resources needed to explain how the 
level of effluent quality. For example, “copper concentration 

limits were developed and to conduct the WLA also is a 
must not exceed 0.75 milligrams per liter (mg/l) instream.” Steady- 

concern. The permit documentation (i.e., fact sheet) will 
state analyses assume that the effluent is constant and, therefore, 

need to clearly explain the basis for the LTA and CV and this 
the WL4 value will never be exceeded. This presents a problem in 

can be resource intensive. 
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 eIzo-o.502] 

95th 99th 
Percentile Percentile 

0.1 1.17 1.25 
0.2 1.36 1.55 
0.3 1.55 1.90 

0.4 1.75 2.27 
0.5 1.95 2.66 
0.8 2.13 3.11 

0.7 2.31 3.56 
0.8 2.40 4.01 

0.9 2.64 4.46 
1.0 2.78 4.90 
1.1 2.91 5.34 
1.2 3.03 5.76 
1.3 3.13 6.17 
1.4 3.23 6.56 
1.5 3.31 6.93 
1.6 3.38 7.29 
1.7 3.45 7.63 
1.8 3.51 795 
1.9 3.56 6.26 
2.0 360 8.55 

Maximum Daily Limit 

MDL=LTAme[Zu-o.5621 

where u2 In [ CV2 + 1 1. = 
z 1.645 for 95th percentile occurrence = probability, and 
z = 2.326 for 99th percentile occurrence probability 

LTA Multipliers 

e’ 2 a, -0.5 CT"21 

cv . 
95th 99th 

Average Monthly Limit Percentile Percentile 

rkl n=2 n=4 n=lO n=30 n=l n=2 n=4 n=iO n=30 

0.1 1.17 1.12 1.06 106 1.03 1.25 1.18 1.12 106 1.04 

0.2 1.36 1.25 1 17 1.12 1.06 1.55 1.37 1.25 116 109 
0.3 1.55 1.38 1.26 1.18 1.09 1.90 159 1.40 124 113 
0.4 1.75 t.52 1.36 1.25 1 12 2.27 1.83 1.55 1.33 1 16 

0.5 
JML=LTAee [zo,-0’5n”21 0.6 

1.95 1.86 1.45 1.31 1.16 2.68 2.09 1.72 1.42 1.23 

2.13 1.60 1.55 1.38 1.19 3.11 2.37 190 152 1.26 
0.7 2.31 1.94 1.65 1.45 1.22 3.56 2.66 2.06 162 1.33 

wherean2=In[CV2/n+1], 0.8 2.48 2.07 1.75 1.52 1.26 4.01 2.96 2.27 173 1.39 
09 2.64 2.20 1.65 1.59 1.29 4.46 3.28 2.48 184 1.44 

z = 1.645 for 95th percentile, 1.0 2.78 2.33 1 95 1.66 1.33 4.90 3.59 2.68 1 96 150 
z = 2.326 for 99th percentile, and t t 2.91 2.45 2.04 '.73 1.36 5.34 3.91 2.90 2.07 156 
n = number of sampletimonth 12 3.03 2.56 2.13 1.80 1.39 5.76 4.23 3.11 2.19 1.62 

1.3 3.13 2.67 2.23 1.87 1.43 6.17 4.55 3.34 2.32 166 
14 3.23 2.77 2.31 1.94 1.47 6 56 4.86 3.56 2.45 1 74 

1.5 3.31 2.66 2.40 2.00 1.50 6.93 5.17 3.78 2.58 160 
1.6 3.38 2.95 2.48 2 07 1.54 7.29 5.47 4.01 2.71 1.67 
17 3.45 3.03 2.56 2.14 1.57 7.63 5.77 4.23 2.84 193 
1.8 3.51 3.10 2.64 2.20 1.61 7.95 6.06 4.46 2.98 2.00 

1.9 3.56 3.17 2.71 2.27 1.64 8.26 6.34 4.68 3.12 2.07 
2.0 3.60 3.23 2.78 2.33 1.66 8.55 6.61 4.90 326 2 14 

The proper enforcement of this type of WIA depends on the 
parameter limited. For nutrients and biochemical oxygen de- 
mand (BOD), the WlA value generally has been used as the 
average daily permit limit. However, the impact associated with 
toxic pollutants is more time dependent, as reflected in the 4-day 
average duration for the criteria continuous concentration (CCC) 
(see Chapter 2). Where there is only one water quality criterion 
and therefore only one WL4, permit limits can be developed 
using the following procedure: 

The principal advantages and disadvantages of this procedure are 
similar to those for the two-value permit limit derivation method 
discussed previously except that it does not examine two WL4s. 

5.4.2 Uthor A#mdo.s to Pamittin~ for Aquatfc life 
Other approaches for translating WLA outputs into permit limits 
have been used by some permitting authorities. These methods 
may combine elements of the statistical procedures discussed 
earlier with specific technical and policy requirements of the 
permitting authority to derive limits that may be protective of 
water quality and consistent with the requirements of the WLA. 
Such approaches may use simplified statistical procedures. 

l Consider the single WLA to be the chronic WLA and derive 
an chronic LTA for this WLA using the procedures in Box S- 
2 (Step 2, Part 2). 

l 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 ratio above which the chronic WIA 
will always be more limiting. Where such simplifying assumptions 
are used, the need to compare LTAs derived from acute and 
chronic steady-state models is unnecessary. Similarly, for as- 
sumed values for n, CV, and exceedence probability, the various 
equations shown in Box S-2 can be simplified further, such that 
the AML will always be a constant fraction of the MDL. 

These approaches allow the permit writer to rapidly and easily 
translate the results of WL4.s into permit limits. However, the 
permit writer clearly should understand the underlying proce- 
dures and carefully explain the basis for the chosen assumption. 
Appropriate State or regional guidance documents also should be 
referenced. 

Another approach used by some permit authorities involves the 
direct use of the WIA as a permit limit. This approach sometimes 
involves the following steps: 

l The WlA value for toxic pollutants is used as the MDL. 

. In the absence of other information, permit writers typically 
divide the MDL by 1.5 or 2.0 to derive an AML (depending 
on the expected range of variability). 

The principal advantage of this approach is that it is very straight- 
forward to implement and requires minimal resources. The disad- 
vantage of this option is that the average monthly limits must be 
derived without any information about the variability of the efflu- 
ent parameter; therefore, the permit writer cannot be sure that 
these procedures are protective of water quality criteria. Con- 
versely, limits derived from this approach may be overly stringent 
and subject to challenge. 

The direct application of both the acute and chronic WLAS as 
permit limits is another approach that has been used. The WLA 
developed for protection against chronic effects becomes the 
average monthly limit and the acute WIA becomes the MDL. 
EPA discourages the use of this approach. Since effluent vari- 
ability has not been specifically addressed with this approach, 
compliance with the monthly average (30-day) effluent limit 
during critical conditions could exceed the chronic (4-day) WLA. 
Whether standards are violated with excessive frequency under 
such conditions would depend upon whether the conditions 
represented by the worst-case assumptions of the model also 
were occurring at the same time. By contrast, compliance with 
limits that were developed using statistical procedures have a low 
chance of leading to WIA excursions before effluent variability is 
accounted for in deriving the limits (see Figure S-3). 

Another permitting approach is to use a narrative “no toxicity” 
limit that is measured using a toxicity testing method that em- 
ploys only a control and a single exposure at the receiving water 
concentration (RWC). This is sometimes referred to as a “pass/ 
fail” toxicity test. Although these tests can be less expensive than 
full dilution series testing, they provide no knowledge as to the 
extent of toxicity present during the test and therefore no data 
concerning the seriousness of the impact or the amount of toxic- 
ity reduction necessary. The death of a single test animal can 
occur at any concentration level beyond the lethality threshold for 
the test organism; therefore, such a test is much less powerful 

from a statistical standpoint. In addition, it is not possible to 
determine dose-response relationships for the test organisms with- 
out using multiple effluent concentrations. Dose-response curves 
are useful in determining quality assurance of the tests and in 
defining threshold dosages for regulatory purposes. Because the 
drawbacks of the approach generally outweigh the benefits, EPA 
recommends that whole effluent toxicity limits be established 
using a statistical derivation procedure that adequately ac- 
counts for effluent variability and that monitoring for compli- 
ance with whole effluent toxicity limits be conducted using a 
full dilution series. 

When setting a whole effluent toxicity limit to protect against 
acute effects, some permitting authorities use an end-of-pipe 
approach. Typically, these limits are established as an LCsdl OO- 
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 after the discharge enters the receiv- 
ing water. Limits derived in this way are not water quality-based 
limits and suffer from significant deficiencies since the toxicity of a 
pollutant depends mostly upon concentration, duration of expo- 
sure, and repetitiveness of the exposure. This is especially true in 
effluent dominated waters. For example, an effluent that has an 
LCso=lOO percent contains enough toxicity to be lethal to up to 
50 percent of the test organisms. If the effluent is discharged to a 
low-flow receiving waterbody that provides no more than a three- 
fold dilution at the critical flow, significant mortality can occur in 
the receiving water. Furthermore, such a limit could not assure 
protection against chronic effects in the receiving waterbody. 
Chronic effects could occur if the dilution in the receiving water 
multiplied by the acute to chronic ratio is greater than 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 special Pemlntin# lh@mmt?& 
Water quality-based permit limit development for discharges to 
marine and estuarine waters follows the same basic steps as the 
water quality-based approach for freshwater discharges. There 
are some differences in the water quality criteria used as the basis 
for protection, the designation of mixing zones, and the water 
quality models used to develop WL4s; however these differences 
are addressed in the WL4. (See discussions of these elements in 
previous chapters.) In addition, there are some special regulatory 
considerations associated with these types of dischargers, includ- 
ing special reviews of permits with such programs as the Coastal 
Zone Management Program. Some discharges also require an 
Ocean Discharge Criteria Evaluation under Section 403(c) of the 
Clean Water Act (CWA). 

5.4.4 EPA ltmmnmmt8tions for PemMting fbr Muman 
Healtlr Ntection 

Permit development to protect against certain routes of exposure 
is another key consideration. Ingesting contaminated fish and 
shellfish is a toxic chemical exposure route of serious potential 
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human health concern for which there is no intervening treat- 
ment process, unlike the drinking water route of exposure. Efflu- 
ent limits designed to meet aquatic life criteria for individual 
toxicants and whole effluent toxicity are not necessarily protective 
of toxic pollutant residue formation in fish or shellfish tissue. 

Developing permit limits for pollutants affecting human health is 
somewhat different from setting limits for other pollutants be- 
cause the exposure period is generally longer than 1 month, and 
can be up to 70 years, and the average exposure rather than the 
maximum exposure is usually of concern. Because compliance 
with permit limits is normally determined on a daily or monthly 
basis, it is necessary to set human health permit limits that meet a 
given WLA for every month. If the procedures described previ- 
ously for aquatic life protection were used for developing permit 
limits for human health pollutants, both MDLs and AMLs would 
exceed the WIA necessary to meet criteria concentrations. Thus, 
even if a facility was discharging in compliance with permit limits 
calculated using these procedures, it would be possible to con- 
stantly exceed the WL4. 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: 

l Set the AML equal to the WLA 

l Calculate the MDL based on effluent variability and the 
number of samples per month using the multipliers pro- 
vided in Table 5-3. 

This approach ensures that the instream criteria will be met over 
the long-term and provides a defensible method for calculating a 
MDL. Both an MDL (weekly average limit for POTWs) and a 
monthly average limit are required by EPA regulations, unless 
impracticable (40 CfR 122.45(d)) and are applicable for human 
health protection. The MDL sets an upper bound on effluent 
values used to determine the monthly average and provides a 
measure of effluent compliance during operational periods be- 
tween monthly sampling. 

5.5 SPEClAlCONSlDERATlONSlHlJSEOF 
STATlSTlCAlPERMlTUMfTDERlVATlON 
TECHNIQUES 

The following discussion summarizes the effect of changes in the 
various statistical parameters on the permit limits that are derived. 
An understanding of these relationships is important for the per- 
mit writer. Additional considerations of each of these parameters 
with respect to the statistical methods for permit limit derivation 
also are discussed below. 

5.5. I Eflect of Chaqes of 3fotisticol Panmreters on Pmnit 
Lfmlts 

l Effect of changes in CV on derivation of LTA from WLA: 
IG the CV increases, the LTA decreases; and conversely, as 
the CV decreases, the LTA increases (see Figure 5-S). 

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. 

l 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 S-6). 

Reason: A higher value for the permit limit is produced for 
the same LTAs as the CV increases in order to allow for 
fluctuations about the mean. Following the steps in Box S- 
2 to derive the LTA will account for such fluctuations. 

l Effect of changes in number of monthly samples on 
permit limits: As the value for “n” (number of observa- 
tions) increases in the average monthly permit limit deriva- 
tion equations, the average monthly permit limit decreases 
to a certain point. The effect on the average monthly limit 
is minimal for values of n greater than approximately 10. 
Conversely, as the value for “n” decreases, the AML in- 
creases until n=l, at which point the AML equals the MDL 
(see Figure S-7). 

Reason: As n increases, the probability distribution of the 
n-day average values becomes less variable (narrower) 
around the LTA. Therefore, the 95th or 99th percentile 
value for an n-day average decreases in absolute value as n 
increases. (See additional discussion in Section 5.5.3.) 

l Effect of changes in probability basis for permit limits: 
As the probability basis for the permit limits expressed in 
percentiles (e.g., 95 percent and 99 percent) increases, the 
value for the permit limits increases (becomes less strin- 
gent). The converse is true as the probability basis de- 
creases (see Figure 5-6). 

0 I 
0.0 0.5 10 1.5 2. 

Coefficient of Vanation 

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. 

illustrates how the CV, number of samples and probability basis 
affect the derivation of the AML. Figure 5-9 illustrates the com- 
bined effect of the CV and the probability basis on the derivation 
of the MDL. 

The overall combination of the coefficient of variation, number of 5.52 Coemcknt af vwaml 
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. 
To help illustrate the combined effect of these factors, Figure 5-8 

Use of the statistical method of permit limit derivation requires an 
estimate of the CV of the distribution of the daily measurements 
of the parameter after the plant complies with the requirements. 

Table 5-3. Multipliers for Calculating Maximum Daily Permit Limits From Average Monthly Permit Limits 

To obtain the maximum daily permit limit (MDL) for a bioconcentratable pollutant, multiply the average monthly permit limit 
(AML) (the wasteload allocation) by the appropriate value in the following table. 

Each value in the table is the ratio of the MDL to the AML as calculated by the followinq relationship derived from Step 4 of the 
statistically based permit limit calculation procedure. 

MDL = exp [z,o - 0.502] 

AML exp [zaan - 0.50n2] 

where 

un2= In (CV2/n + 1) 

o2 = In(CV2+1) 
CV = the coefficient of variation of the effluent concentration 
n = the number of samples per month 
Z m= the percentile exceedance probability for the MDL 

za = the percentile exceedance probability for the AML. 

Ratio Between Maximum Daily and Average Monthly Permit Limits 

Maximum = 99th percentile Maximum = 99th percentile 
Average = 95th percentile Average = 99th percentile 

cv n=l n=2 n=4 n=a n=30 n=l n=2 n=4 n=8 

0.1 1.07 
0.2 1.14 
0.3 1.22 
0.4 1.30 
0.5 1.38 
0.6 1.46 
0.7 1.54 
0.8 1.61 
0.9 1.69 
1.0 1.76 
1.1 1.83 
1.2 1.90 
1.3 1.97 
1.4 2.03 
1.5 2.09 
1.6 2.15 
1.7 2.21 
1.8 2.27 
1.9 2.32 
2.0 2.37 

.13 

.2s 

.37 
so 
.622 
.73 
.a4 

1.94 
2.03 
2.11 
2.18 
2.25 
2.31 
2.37 
2.42 
2.42 
2.52 
2.56 
2.60 
2.64 

.oo 

1.16 1.18 

.oo 

1.22 1 .oo 
1.33 1.39 

.oo 

1.46 1.00 
1 .so 1.60 

.oo 

1.74 / 1 .oo 
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Limits and Number of Samples Per Month 

If variability is mostly related to production, current data may be 
used to estimate the CV. If future variability is expected to be 
substantially different, the CV must be estimated. Discharges of 
toxic pollutants are generally more variable than discharges of 
conventional pollutants. It is important to use the best estimate of 
the CV that can be reasonably achieved. As explained in Chapter 
3, EPA’s review of the uncertainty associated with effluent variabil- 
ity suggests that a minimum of 10 samples is needed to reason- 
ably quantify the CV. 

One concern with respect to using an appropriate CV in the 
statistical limit derivation procedures is that CVs of regulated 
systems may be quite different from nonregulated systems. In 
other words, after permit limits are in place and the permittee is 
operating to achieve the requisite limits, the variability associated 
with the parameter of concern may change considerably. Where 

the permit writer has reason to believe that the CV of the regu- 
lated system may behave differently from the nonregulated sys- 
tem (e.g., where changes in the treatment facility are planned), 
information concerning effluent concentration means and vari- 
ability can be obtained from effluent guideline documents for 
individual chemical parameters. 

Variability associated with effluent levels of both individual chemi- 
cals and whole effluent toxicity is difficult to predict for any 
individual situation. However, it is important to recognize that 
failure to assign any CV to an individual toxicant or the parameter 
toxicity involves an implicit assumption that there is no effluent 
variability present. Based upon analyses of a wide variety of data 
from various types of plants, EPA recommends a value of 0.6 as 
a default CV, if the regulatory authority does not have more 
accurate information on the CV for the pollutant or pollutant 
parameter. Permit limits are usually not extremely sensitive to 
small changes in the 0’. The value of 0.6 is typical of the range of 
variability of effluents measured by EPA (see Appendix A) and 
represents a reasonable degree of relative variability. However, 
wherever possible, it is recommended that data on effluent vari- 
ability for the pollutant of concern be collected to define a CV 
rather than selecting a default value. 

5.53 Nmbef of samples 
The statistically based method for permit limit derivation results in 
an MDL that does not depend on monitoring frequency. How- 
ever, the AML decreases as the monitoring frequency increases, 
and a greater number for “n“ is inserted in the relevant equations. 
Some permit writers are concerned with this outcome because 
facilities with more frequent sampling requirements appear to 
receive more stringent permit limits than those with less frequent 
monthly sampling requirements. 

The AML decreases as the number of monthly samples increases 
because an average of 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- 
mance are the same regardless of the number of samples taken. 
Thus, a permittee performing according to the LTA and variability 
associated with the wasteload allocation will, in fact, meet either 
of these AMLs when taking the corresponding number of monthly 
samples. 

For water quality-based permitting, effluent quality is determined 
by the underlying distribution of daily values, which is determined 
by the LTA associated with a particular WLA and by the CV of the 
effluent concentrations. Increasing or decreasing monitoring 
frequency does not affect this underlying distribution or treat- 
ment performance, which should, at a minimum, be targeted to 
comply with the values dictated by the WLA. Therefore, it is 
recommended that the actual planned frequency of monitor- 
ing normally be used to determine the value of n for calculat- 
ing the AML. However, in situations where monitoring fre- 
quency is once per month or less, a higher value for n must be 
assumed for AML derivation purposes. This is particularly 
applicable for addressing situations such as where a single crite- 
rion is applied at the end of the pipe and a single monthly sample 
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is contemplated for compliance monitoring purposes, or where 
monitoring frequency is only quarterly. In this case, both the 
average monthly and the MDL would exceed the criterion. (For 
example, for a CCC of 1 .O chronic toxic unit [TU J applied as a 
WLA at the end of the pipe, both the MDL and AML would be 1.6 
TU,; assuming CV=O.6, n=l, and a 99percent probability basis.) 
A discharger could thus comply with the permit limit but rou- 
tinely exceed the criterion. Under these circumstances, the 
statistical procedure should be employed using an assumed 
number of samples of at least fm for the AML derivatlon. 

5.5.4 ProQaQlllly nasls 
Selection of the probability basis for use in the equations in Boxes 
5-l and 5-2 is a permitting authority decision necessary for estab- 
lishing statistically derived permit limits. Where a permitting 
authority does not have specific guidance for the probability 
basis, EPA recommends the following: 

For calculation of the LTAs from the WLAs (Box 5-2): 

l Both acute and chronic WLA-.Ol probability (99th per- 
centile level). 

For calculation of permit limits from the most limiting LTA 
1): 

l MDL-.Ol probability basis (99th percentile level) 

l AML--.05 probability basis (95th percentile level). 

(Box 5- 

The probability levels for deriving permit limits have been used 
historically in connection with development of the effluent limits 
guidelines and have been upheld in legal challenges to the guide- 
lines [4). It is important to note that these levels are statistical 
probabilities used as the basis for developing limits. The goal in 
establishing these levels is to allow the regulatory agency to 
distinguish between adequately operated wastewater treatment 
plants with normal variability from poorly operated treatment 
plants and to protect water quality criteria. 

The level for the calculation of the LTA from the WLA is based 
upon EPA’s interpretation of the steady state model used to 
develop the WI-A. EPA considers the WLA to produce an effluent 
condition that should never be exceeded whenever the critical 
design conditions occur. To characterize this effluent condition, 
EPA uses the 99th percentile concentration from the upper tail of 
the effluent probabilistic distribution curve. The selection of this 
value is one which can have a significant influence on the level of 
conservatism in the permit limits. Permit authorities should con- 
sider Figures 5-8 and 5-9 to understand the effect of this decision 
along with other decisions on the AMls and MDLs. 

5.6 PERMK GOCUMENTATION 

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. 

When the permit is issued, the administrative record for the 
facility (particularly the fact sheet) will be the primary support for 
defending the permit in administrative appeals including 
evidentiary hearings. This information also will serve to alert 
compliance/enforcement personnel to any special considerations 
that were addressed at the time of permit issuance. In addition, 
the accompanying documentation will be extremely important 
during permit reissuance and will assist the permit writer in devel- 
oping a revised permit. 

In 40 CFR Part 124.56, a fact sheet containing “[a]ny calculations 
or other necessary explanation of the derivation of specific efflu- 
ent limitations” for many draft permits is required. Accordingly, 
the WlAs along with the required LTA and CV used and the 
calculations deriving them must be included or referenced in the 
fact sheet. The permit limit derivation method used must also be 
explained in the permit documentation. Where a permitting 
authority develops a standardized and simplified method for per- 
mit limit development as discussed in Section 5.4.2, the permit- 
ting authority may not need to document all of the underlying 
assumptions in the fact sheet, provided that the fact sheet refer- 
ences a written permit limit development protocol. Any other 
guidance used must also be cited. 

5.7 EXPRESSHi LIMITS AND DEVELOPING 
MONlTORING REQUIREMENT!3 

Limits must be expressed clearly in the NPDES permit so that they 
clearly are enforceable and unambiguous. Chapter 6 discusses 
compliance monitoring and enforcement problems that can re- 
sult from improperly expressed limits. All limits, both chemical- 
specific and whole effluent, should appear in Part 1 of the permit. 
Special considerations in the use of both chemical-specific and 
whole effluent toxicity limits are discussed below. 

5.7.1 Atmdawd Eftbtmt Llmtb 
Mass-based effluent limits are required by NPDES regulations at 
40 CFR 122.450. The regulation requires that all pollutants 
limited in NPDES permits have limits, standards, or prohibitions 
expressed in terms of mass with three exceptions, including one 
for pollutants that cannot be expressed appropriately by mass. 
Examples of such pollutants are pH, temperature, radiation, and 
whole effluent toxicity. Mass limitations in terms of pounds per 
day or kilograms per day can be calculated for all chemical- 
specific toxics such as chlorine or chromium. Mass-based limits 
should be calculated using concentration limits at critical flows. 
For example, a permit limit of 10 mg/l of cadmium discharged at 
an average rate of 1 million gallons per day also would contain a 
limit of 38 kilograms/day of cadmium. 

Mass-based limits are particularly important for control of 
bioconcentratable pollutants. Concentration-based limits will not 
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 atone 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 instream dilution and therefore upon the RWC. At the 
extreme case of a stream that is 100 percent effluent, it is the effluent 
concentration rather than the effluent mass discharge that dictates 
the instream concentration. Therefore, EPA recommends that per- 
mit limits on both mass and concentration be specified for 
effluents discharging into waters with less than 100 fold dilution 
to ensure attainment of water quality standards. 

5.7.2 EmugytZtmsmdon 
Water quality-based permit limits by themselves do not provide any 
incentive to dischargers to reduce wastewater flows. The reverse is 
true; a more dilute effluent means water quality-based limits are 
more easily achieved. However, increased flow translates into in- 
creased power consumption for treatment facilities. Significant power 
usage stems from pumping and mixing of volumes of wastewater in 
treatment systems. If the volume of wastewater can be reduced, 
power consumption can be reduced and less fossil fuel burned. Such 
reductions can be expected to result in concomitant decreases in air 
pollution. 

Therefore, EPA recommends that flow reductions and energy savings 
be specifically encouraged where appropriate (usually in dilutions 
greater than 1OO:l) by allowing water quality-based permit limits to 
be mass-based and by allowing concentration-based limits to vary in 
accordance with flow reduction requirements. The permit also could 
include an energy savings analysis subject to approval by the permit- 
ting authority. 

5.7.3 lZWsi&afions intbelkwof~icd-wlfk Umits 
Metals 

Another common problem encountered in expressing permit limits 
occurs for metals. Some water quality standards express numeric 
criteria for metals in terms of the dissolved or acid soluble phase of 
the metal. NPDES regulations at 40 CFR 122.45(c) require permit 
limitations for metals to be expressed in terms of total recoverable 
metal unless (1) an effluent guideline requires the use of another 
form, (2) technology-based limits are established on a case-by-case 
basis, or (3) the approved analytical method measures only the 
dissolved form. 

Where State water quality standards are expressed directly as total or 
total recoverable metals, the permit limit can be established directly. 
Where the water quality standards are expressed as dissolved or acid 
soluble metal, the permit writer will need to reconcile the different 
expressions of metals when establishing the permit limits. Some 
State water quality standards implementation policies or procedures 
provide the requirements for this conversion. In instances where a 
State has no policy or procedure, the permit writer can take one of 
four approaches. First, the permit writer could assume no difference 
between the dissolved or acid soluble phases and the total recover- 
able phase. This is the most stringent approach and would be most 
appropriate in waters with low solids, where the discharged form of 
the metal was mostly in the dissolved phase, or where data to use the 
other options are unavailable. Second, the permit writer could 
develop a site-specific relationship between the phases of metals by 
developing a relationship through review of information on instream 
metal concentrations. This approach requires concurrent sampling 
of both metal phases during periods reflective of the environmental 
conditions used to determine the WL4. Third, the permit writer 

could use a relationship developed by EPA from national data; 
this relationship is described in the national guidance for deter- 
mining WlAs for toxic metals in rivers. This relationship re- 
quires knowledge of instream concentrations of total suspended 
solids at the environmental conditions used to determine the 
WIA. Fourth, the permit writer could use a geochemical 
model, such as the equilibrium metal speciation model 
MINTEQA2 (see Chapter 4). However, the input data require- 
ment of this model are equivalent to collecting site-specific 
data under Option 2. These options will be expressed in more 
detail in subsequent guidance issued by EPA. 

Updute: The Agency has issued “interim Guidance on Interpreto- 
tion and lmplementution Aquatic Life Criteria for Metals. ” See the 
update notice in front of this document for ovoilobility. 

Detection Level Limits 

A commonly encountered problem is the expression of calcu- 
lated limits for specific chemicals where the concentration of 
the limit is below the analytical detection level for the pollutant 
of concern. This is particular’ true for pollutants that are toxic 
in extremely low concentrations or that bioaccumulate. 

The recommended approach for these situations is to in- 
clude in Part 1 of the permit the appropriate permit limit 
derived from the water quality model and the WLA for the 
parameter of concern, regardless of the proximity of the 
limit to the analytical detection level. The limit also should 
contain an accompanying requirement indicating the specific 
analytical method that should be used for purposes of compli- 
ance monitoring. The requirement should indicate that any 
sample is analyzed in accordance with the specified method 
and found to be below the compliance level will be deemed to 
be in compliance with the permit limit unless other monitoring 
information (as discussed below) indicates a violation. Sample 
results reported at or above the compliance level should be 
reported as observed whereas samples below the compliance 
level should be reported as less than this level. 

The level of compliance cited in the permit must be clearly 
defined and quantifid. For most NPDES permitting situa- 
tions, EPA recommends that the compliance level be de- 
fined in the permit as the minimum level (ML). The ML is 
the level at which the entire analytical system gives recog- 
nizable mass spectra and acceptable calibration points. 
This level corresponds to the lowest point at which the calibra- 
tion curve is determined based on analyses for the pollutant of 
concern in a reagent water. The ML has been applied in 
determinations of pollutant measurements by gas chromatog- 
raphy combined with mass spectrometry. The concept of a 
minimum level recently was used in developing the Organic 
Chemicals, Plastics, and Synthetic Fibers effluent guidelines 
PI. 

The minimum level is not equivalent to the method detection 
level, which is defined in 40 CFR Part 136 Appendix 6 as the 
minimum concentration of a substance that can be measured 
and reported with 99-percent confidence that the analyte con- 
centration is greater than zero and is determined from the analy- 
sis of a sample in a given matrix containing the analyte. EPA is 
not recommending use of the method detection level because 
quantitation at the method detection level is not as precise as at 
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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 level at 
which compliance determinations are made. Where the permit- 
ting authority so chooses, the authority must be assured that the 
level is quantifiable, defensible, and close as possible to the permit 
level. 

Where water quality-based limits below analytical detection 
levels are placed in permits, EPA recommends that special 
conditions also be included in the permit to help ensure that 
the limits are being met and that excursions above water 
quality standards are not occurring. Examples of such special 
conditions include fish tissue collection and analyses, limits and/or 
monitoring requirements on internal waste streams, and limits 
and/or monitoring for surrogate parameters. This information 
can be used to help support reopening the permit to establish 
more stringent effluent limits if necessary. 

5.7.4 ConsMevatioa in the Use of wlrole Effhnt ToxMy 
lhifs 

Test Methods 

NPDES regulations at 40 CFR 122.44(i)(l)(iv) require that meth- 
ods approved under 40 CFR Part 136 be used for compliance 
monitoring, and in the absence of an approved method, the 
permit must specijl the method to be used. The permit should 
also carefully consider any other case-specific aspects of the whole 
effluent toxicity test method that should be designated in the 
permit. Such aspects as the dilutions at which testing will be 
conducted, the different species to be used, the specific end- 
points, the statistical procedures for analyzing the data, quality 
assurance, and other factors should be clearly stated as a permit 
condition to assure that the whole effluent toxicity testing that is 
performed to ascertain compliance with a limit or monitoring 
requirement is the test procedure the regulatory authority desires. 
In some instances, promulgated methodologies allow significant 
flexibility and choice in how the method is actually conducted. A 
simple reference to the methodology in the permit may not result 
in the test being conducted as intended. 

Units of Expression and Detection Levels 

The permit limit for toxicity itself and the detection levels, or 
sensitivity levels, associated with the various types of toxicity tests 
determine the type of monitoring requirement, which should be 
specified with the limit. It is a misconception to think, for ex- 
ample, that only acute toxicity tests should be used where the 
WLA for acute protection is used to derive the more limiting LTA 
or should always be used to monitor for the MDL. It is a similar 
misconception to think that only chronic tests should be used 
where chronic 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 to 0.25 TU,. Conversely, 
if the ACR was 2, then an acute test could be used because 5 TU, 
would be equal to 2.5 TUa. Generally, there is no reason to mix 
two types of monitoring requirements for the same limit when 
limits are derived from the most limiting LTA. Doing so will 
confuse the results and complicate assessments of average monthly 
limits where sampling frequency is greater than once per month. 

The acute toxicity test, when using an LCso as the test endpoint, 
has an upper sensitivity level of loo-percent effluent, or 1 .O TU,. 
If less than 50 percent of the test organisms die at loo-percent 
effluent an LCso cannot be determined from the test data, and 
the true LCso value for the effluent cannot be measured. In this 
situation, an acute test could still be used for compliance monitor- 
ing purposes but the endpoint would need to be changed to a 
greater level of sensitivity. The endpoint could be specified in 
terms of “no statistically significant difference in acute toxicity 
between 100 percent effluent sample and the control.” This is 
the most sensitive application of an acute test and could be used 
for monitoring compliance with a limit that, because of lack of 
available dilution, applies the EPA recommended acute criterion 
of 0.3 TU, at the end of the pipe. 

However, these tests would not accurately quantify any level of 
chronic toxicity present. For chronic testing, an effluent with an 
NOEC of greater than 100 percent presents a similar test sensitiv- 
ity problem. An effluent with an NOEC of greater than 100 
percent contains less than 1.0 TU, and would meet the EPA 
recommended chronic criterion for toxicity at the edge of the 
mixing zone, if dilution were available, as well as at the end of the 
pipe if no dilution were available. 

Description of Limits 

When toxicity limits are used, additional description of the limit is 
required. The limit should be stated in Part 1 as “effluent toxicity” 
in the parameter column with “maximum TUs,” “minimum ATE 
[acute toxicity endpoint],” or “minimum NOEC” in parentheses 
underneath. The numerical values should be placed in the appro- 
priate concentration column followed by TU or a percent sign. A 
footnote should direct the reader to Part 3 for specific require- 
ments on how to conduct the tests. The description in Part 3 
should accomplish the following: 

l Explain how the limit is expressed (e.g., the limit is the 
minimum ATE expressed as percent effluent or the limit is 
the maximum TU,) 

l Specify the test species and the test methods for compli- 
ance monitoring purposes 

l Describe any special reporting or followup requirements 
(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: 

l “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, EPAf600/4-89/001, March 1989.” 

l “The permittee shall conduct monitoring of effluent toxicity 
once per month. One 24-hour composite sample shall be 
collected and tested within 24 hours of collection. Results 
shall be reported as the NOEC. Any test that does not meet 
quality control requirements as described in the above 
referenced methods shall be repeated using a freshly col- 
lected sample as soon as practicable.” 

57.5 sekction of MoRiforillg freguencles 
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: 

l Type of treatment process, including retention time 

l Environmental significance and nature of the pollutant or 
pollutant parameter 

l Cost of monitoring relative to the discharger’s capabilities 
and benefit obtained 

l Compliance history 

l Number of monthly samples used in developing the permit 
limit 

l 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 statistical likelihood that the average 
of the various monthly values will approach the true monthly LTA 
value. In practice, however, selection of monitoring frequencies 
will need to consider the previously mentioned factors and arrive 
at a reasonable compromise of the appropriate considerations. 

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 not be consistent 
with 40 CfR 122.44(d)(l). On the other hand, if the lower bound 
of the analytical uncertainty was subtracted from the limit, there 
would be better assurance that the limit achieved the WLA. This 
approach could be overly conservative given the other factors 
used to develop permit limits. EPA believes that its recommended 
approach provides a balance between these two extremes. 

57.7 kMmksi~dhg 
CWA Section 402(o) establishes express statutory language pro- 
hibiting the relaxation of permit limits based on water quality. 
Under the statute, relaxation of water quality-based limits is per- 
missible only if either the requirements of Sections 402(o)(2) or 
303(d)(4) are met. These two provisions constitute independent 
exceptions to the prohibition against relaxation of permit limits. tf 
either is met, relaxation is permissible. 

Relaxation of Water Quality-based Limits Under 
Section303(d)(4) 

Section 402(o)(l) prohibits the establishment of less stringent 
water quality-based effluent limitations “except in compliance 
with Section 303(d)(4).” Section 303(d)(4) has two parts: Para- 
graph (A), which applies to “nonattainment waters” and Para- 
graph (B), which applies to “attainment waters.” 

l Nonattainment waters: Section 303(d)(4)(A) allows estab- 
lishment of less stringent water quality-based effluent limi- 
tations in a permit for discharge into a nonattainment 
water only if (1) the existing permit limitation must have 
been based on a total maximum daily load (TMDL) or other 
WLA established under Section 303, and (2) attainment of 
water quality standards must be assured. 

l Attainment waters: Section 303(d)(4)(8) allows establish- 
ment of less stringent water quality-based effluent limita- 
tions in a permit for discharge into an attained water as 
long as the revised permit limit is consistent with a State’s 
antidegradation policy. This is not restricted to limits based 
on a TMDL or WLA. 

Relaxation of Water Quality-based Limits Under 
Section 402 

Section 402(o)(2) also outlines exceptions to the general prohibi- 
tion against establishment of less stringent water quality-based 
permit limits in a permit. Under Section 402(o)(2), the establish- 
ment of less stringent limits based on water quality may be 
allowed where: 

1) There have been material and substantial alterations or 
additions to the permitted facility which justify this relax- 
ation. 

2) Good cause exists due to events beyond the permittee’s 
control (e.g., acts of God) and for which there is no reason- 
ably available remedy. 

3) The permittee has installed and properly operated and 
maintained required treatment facilities but still has been 
unable to meet the permit limitations (relaxation may only 
be allowed to the treatment levels actually achieved). 
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4) New information (other than revised regulations, guidance, 
or test methods) justifies relaxation of water quality-based 
permit limitations. 

This last exception applies to water quality-based permit 
limitations only where the revised limitations result in a net 
reduction in pollutant loadings and are not the result of 
another discharger’s elimination or substantial reduction of 
its discharge for reasons unrelated to water quality (e.g., 
operation termination). 

Although Paragraph 402(o)(2) lists two additional exceptions, 
one for technical mistakes and mistakes of law and one for permit 
modifications or variances, the statute provides that these excep- 
tions do not apply to water quality-based effluent limitations. As a 
result, these exceptions do not provide a basis for relaxing water 
quality-based limitations. 

Relaxation of Water Quality-Based Permit Conditions or Stan- 
dards 

The provisions in Section 402(o) discussed previously only ad- 
dress the relaxation of effluent limits based on water quality. The 
relaxation of other permit conditions or standards based on water 
quality are governed by EPA’s existing antibacksliding regulations 
at 40 CfR 122,44(l)(l). Under these regulations when a permit is 
renewed or reissued, interim effluent limitations, standards, or 
conditions must be at least as stringent as the final effluent 
limitations, standards, or conditions in the previous permit “un- 
less the circumstances on which the previous permit was based 
have materially and substantially changed since the time the 
permit was issued and would constitute cause for permit modift- 
cation...“. In other words, unless cause for permit modification is 
present, relaxed conditions or standards are not permissible. EPA 
regulations setting forth cause for permit modification can be 
found at 40 CFR 122.62. 

Restrictions of Backsliding 

Even if any of the backsliding exceptions outlined in the statute or 
regulations are applicable and met, Section 402(o)(3) acts as a 
floor and restricts the extent to which water quality-based permit 
limitations may be relaxed. Paragraph (o)(3) prohibits the relax- 
ation of water quality-based permit limitations in all cases 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 compti- 
ante with applicable technology-based limits and water quality 
standards. 

5.8 T'OXICITY IlEwlcTltM EVAUJATlWS 

Where monitoring indicates unacceptable effluent toxicity, one 
principal mechanism for bringing a discharger into compliance 
with a water quality-based whole effluent toxicity requirement is a 
toxicity reduction evaluation (TRE) [6]. The purpose of a TRE is to 
investigate the causes and to identify corrective actions for diffi- 
cult effluent toxicity problems. The permitting authority may 
require that the permittee conduct a TRE in those 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 control options, and then confirm the reduction in 
effluent toxicity. The ultimate objective of a TRE is for the dis- 
charger to achieve the limits or permit requirements for effluent 
toxicity contained in the permit and thereby attain the water 
quality standards 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 limits. In some cases, the permit issuing 
authority may also use other legally binding mechanisms, includ- 
ing Section 308 letters, Administrative Orders, or Consent De- 
crees, to require a TRE. 

5.8.1 RE 8uMance aOeur#rrrls 

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, 81: 

1) Generalized Methodology for Conducting Industrial Toxicity 
Reduction Evaluations (EPAl600/2-88/070) 

2) Toxicity Reduction Evaluation Protocol for Municipal Wostewa- 
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/ 
3-88/035) 

Phase 3 Toxicity Confirmation Procedures (EPA/600/ 
3-881036). 

These guidance documents describe the methods and proce- 
dures for conducting TREs and Toxicity Identification Evaluations 
(TIES). They are based on the results of EPA’s continuing efforts in 
TRE methods research and case study applications. Separate TRE 
guidance has been developed for industrial dischargers and mu- 
nicipal wastewater treatment plants to better address the circum- 
stances of each type of facility. Procedures for the characteriza- 
tion, identification, and confirmation of the causative agents of 
effluent acute toxicity have been developed and are described in a 
three-phased TIE methods manual. These TIE methods are appli- 
cable to both industrial and municipal effluents and are an inte- 
gral part of the protocols for TREs described in the industrial and 
municipal TRE guidance documents. TIE methods using chronic 
toxicity tests for identifying toxicants will soon be developed and 
available in a draft guidance document. 

5.8.2 Ret- &mJ8chflulA%nwmgl7r& 

To ensure the successful completion of a TRE, the guidance 
documents recommend a systematic, stepwise approach that 
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eliminates the possible causes or sources of toxicity until a solution 
or control method is determined. The guidance documents 
discourage “playing hunches” or implementing extensive control 
measures solely on the basis of unsubstantiated conclusions (e.g., 
selecting and implementing a treatment plant upgrade without 
adequate information). Experience shows that unnecessary delays 
and expenditures in achieving the objective of the evaluation are 
avoided by building a sound scientific and engineering basis for 
selection of a control method. This can best be done by the 
logical interpretation of the information and data collected in a 
systematic approach to a TRE. The causes or control methods 
identified should then go through a confirmation stage. This is 
especially important in cases where the control method selected 
requires the construction of additional treatment. A flow chart, 
generalized from the guidance documents, for this approach to 
TREs is presented in Figure 5-l 0. The steps in this flow chart are 
summarized in the following discussion. 

Determination of TRE Objectives and Development of the TRE 
Plan 

Obviously, the success of any study is dependent on a clear 
understanding of what is to be achieved and how these objectives 
are to be demonstrated and measured. Typically, TRE objectives 
are set by the regulatory authority in terms of a toxicity test 
endpoint (ATE or chronic toxicity endpoint [CTE]) in order to 

I I 
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meet a limit or permit condition. TRE plans should be submitted 
by the discharger as soon as possible. In some cases, this could be 
30 to 60 days following notification that a TRE is required. In 
other instances, this period could be longer. These plans are 
important for ensuring that the TRE objectives are well under- 
stood and that the TRE to be conducted is thorough and repre- 
sents a reasonable effort to achieve the required reduction in 
effluent toxicity. An implementation schedule should also be 
developed describing the timeframe for completion of the specific 
components of the TRE plan by the required TRE completion 
date. This schedule should be submitted for review in conjunc- 
tion with the TRE plan. EPA recommends that the TRE schedule 
should be set or approved by the regulatory agency. Approval 
of the schedule and the completion date should not imply ap- 
proval of the TRE plan itself or the procedures and methods 
outlined in the plan. Instead, the TRE plan should only be 
reviewed and any comments provided to the permittee as needed. 

To assist in this review, Box 5-3 provides evaluation criteria for TRE 
plans. The permitting authority should review the TRE plan and 
inform the discharger of any apparent shortcomings or potential 
problems. The TRE should not be delayed pending completion of 
the review of the plan. The specified completion date for the TRE 
must still be met and the permittee should be expected to begin 
steps to investigate and alleviate the effluent toxicity as soon as 
possible following notification that a TRE is required. bring the 
course of the TRE, the regulatory agency should provide over- 
sight, as time permits, to make the TRE as effective as possible. 

Evaluation of Existing Site-specific Information 

The next step involves the collection of any information and 
analytical data relevant to the effluent toxicity. The permittee 
should begin collecting and evaluating this information as soon as 
possible following notification that a TRE is required. In some 
cases, this step may be conducted concurrently with accelerated 
toxicity testing as part of the development of a TRE plan. For an 
industrial discharger, this part of the evaluation would include 
information such as plant and process information, influent and 
effluent physical and chemical monitoring data, effluent toxicity 
data, and material use. For a POlW, additional information, such 
as industrial waste survey applications, local limits compliance 
reports, and monitoring data, should be collected. This informa- 
tion is used to supplement the data generated in the later steps of 
the TRE and may be useful at that stage to point to potential 
sources or treatment options. 

Evaluation of Facility Operations and Maintenance 
Practices 

This part of the evaluation is performed in order to ascertain 
whether the facility is consistently well operated and whether the 
effluent toxicity is Ihe result of periodic treatment plant upsets, 
bypass, or some other operational deficiency that may be causing 
or contributing to the effluent toxicity. This part of the TRE should 
be initiated immediately after notification that a TRE is required. 
Alternatively, the permittee may begin to conduct this step at the 
same time that any accelerated toxicity testing is required. At 
both municipal and industrial facilities, this step would involve the 
evaluation of “housekeeping,” treatment system operation, and 
chemical use. In some cases, best management practices (BMPs) 

Figure 5-10. Generalized TRE Flow Chart 
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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, improvements in material handling and disposal practices, 
or substitution or re-use of a compound known to be highly toxic. 

Toxicity Identification Evaluation 

TIE procedures are performed in three phases: characterization, 
identification, and confirmation [7]. In each phase, aquatic or- 
ganism toxicity tests are used to track toxicity at each step of the 
procedure. In most cases, these are abbreviated or shortened 

nature of the causative agents of effluent 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 (i.e., any source 
control method implemented as a result of the evaluation of 
facility operation and maintenance). The results of this analysis 
would then be compared with Phase 1 results from samples taken 

toxicity tests. In the toxicity characterization phase, the general after BMP implementation. 

Box 5-3. Evaluation Criteria for TRE Plans 

. Are the objectives or targets of the TRE stated clearly and accurately? 

. Are the schedule and milestones for accomplishing the tasks described in the study plan? 

. Are the final TRE report, progress reports, and meetings with the regulatory authority included as part 
of the schedule? 

. Are the approaches or methods to be used described to the extent possible prior to beginning the 
TRE? 

. Has available EPA guidance been used in designing the TRE and developing the TRE plan (or if other 
methods are proposed, are these sufficiently documented)? 

1 Does the TRE plan specify what results and data are to be included in the interim and final reports? 

l Does the TRE plan provide for arrangements for any inspections or visits to the facility or laboratory 
that are determined to be necessary by the regulatory authority? 

. Are the toxicity test methods and endpoints to be used described or referenced? 

. Does the approach described build on previous results and proceed by narrowing down the possibili- 
ties in a logical progression? 

. Does the plan provide for all test results to be analyzed and used to focus on the most effective 
approach for any subsequent source investigations, treatability studies, and control method evalua- 
tions? 

. Are optimization of existing plant/treatment operations and spill control programs part of the initial 
steps of the TRE? 

l Does the TRE plan allow a sufficient amount of time and appropriate level of effort for each of the 
components of the study plan? 

. Does the TIE use broad characterization steps and consider quantitative and qualitative effluent 
variability? 

. Is toxicity tracked with aquatic organism toxicity tests throughout the analyses? 

. Is the choice of toxicity tests for the TRE logical and will correlations be conducted if the species used 
are different from those used for routine biomonitoring? 

. Is the laboratory analytical capability and the expertise of the investigator broad enough to conduct 
the various components of the evaluation? 
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In Phase 2 of the TIE, the results of Phase 1 are built upon, and the 
TIE proceeds to chemical analyses designed to identify the specific 
chemicals causing effluent toxicity. In Phase 3, the identified 
toxicants are confirmed using a number of procedures, including 
correlation of toxicity with chemical concentration, spiking ex- 
periments, toxicity mass balance, and additional test species and 
their symptoms. 

The current version of the TIE methods uses acute toxicity tests to 
characterize and identify the toxicants. In some cases, these 
methods may also be used for TREs where the objective is to 
reduce chronic toxicity. In order for these methods to be appli- 
cable, however, there must be some measurable acute toxicity in 
the effluent samples that are to be characterized in Phase 1 and 
analyzed in Phase 2. If this approach is used, the appropriate 
chronic toxicity test, as specified in the TRE objectives and permit 
requirements, should then be used in the Phase 3 confirmation 
procedures. This will confirm that the toxicant 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. 

Source investigations will lead to control methods, such as chemi- 
cal substitution, process modification, treatment of process or 
influent streams (pretreatment), and possible elimination of the 
process. For POTWs, source investigations may lead to the devel- 
opment of local limits or to the requirement that an indirect 
discharger evaluate and control their effluent so as to reduce its 
toxicity and prevent passthrough at the 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 of end of pipe 
treatment. Types of source control methods that have proven to 
be effective in reducing effluent toxicity are improvements in 
facility housekeeping, chemical substitution, process optimiza- 
tion, reclamation/reuse, and pretreatment. 

Toxicity Treatability Evaluation 

Toxicity treatability evaluations are conducted to identify possible 
treatment methods that can effectively reduce effluent toxicity 
and may involve modifications or additions to the existing system. 
Treatability studies generally use the same type of information on 
the nature of the chemicals to be removed as is generated by 
Phase 1 of the TIE. These treatability tests should be conducted 
on a bench-scale initially and then a pilot scale prior to construc- 
tion of additional treatment or substantial modification of the 
existing plant. The use of these bench- and pilot-scale tests, 
coupled with aquatic organism toxicity tests, should be used to 
confirm the effectiveness of the treatment option. Confirmation 
of the results of treatability studies is equally important as it is for 
the TIE. Skipping this confirmation step is an invitation for 
unwarranted expense. 

Toxicity Control Method Selection and Implementation 

After the investigative steps of the TRE are completed, it is not 
unusual for a number of possible control options to have been 
identified. At this point, a site specific selection must be made by 
the discharger based on the technical and economic feasibility of 
the various alternatives. Following this selection, the toxicity 
control method is implemented or a compliance plan is submit- 
ted if construction of additional treatment requires a substantial 
amount of time. 

Followup and Confirmation 

After the control method is implemented and the final TRE report 
is submitted, the permitting agency should direct the permittee 
to conduct followup monitoring to confirm that the reduction in 
effluent toxicity is attained and maintained. Normally, this moni- 
toring should follow an accelerated schedule, weekly or biweekly 
toxicity tests, for a period of 2 to 3 months to confirm the 
effectiveness of the controls implemented and the continued 
attainment of the TRE objective. This followup monitoring should 
use the same species as were specified for routine toxicity testing 
in the permit. The test endpoints of these toxicity tests should be 
the same as those which were calculated by the water quality- 
based permit limit derivation procedure used when the permit 
was issued. Once the discharger has demonstrated the successful 
completion of the TRE, the permitting agency should direct the 
discharger to return to the routine permit monitoring schedule. 

5.8.3 l%wmstmcas Wmattting a 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 
information can then be used to determine the continued compli- 
ance or noncompliance with the limit or permit conditions for 
effluent toxicity. These tests do not serve to verify or confirm the 
initial test results from an earlier sample. Instead, the permit 
authority shall use the results of these tests to determine if a TRE or 
some other action is the appropriate response to the initial occur- 
rence of toxicity. 

If the permit has a limit for whole effluent toxicity, then generally, 
the permit should not include any specific conditions for acceler- 
ated toxicity testing or for triggering a TRE or some other action 
(e.g., exceedances in two consecutive tests or exceedances in any 
three out of five tests). CWA Section 309 requires that any single 
violation of a permit limit may be subject to enforcement. The 
EPA Compliance Monitoring and Enforcement Strategy for Toxics 
Control (January 19, 1989, Appendix 8-4) states that, “Each 
exceedance of a directly enforceable whole effluent toxicity limit 
is of concern to the regulatory agency and therefore qualifies as 
meeting the VRAC [violation review action criterion] requiring 
professional review.” Accelerated monitoring 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. As a 
practical approach for determining if a TRE is an appropriate 
response, EPA recommends if toxicity is repeatedly or periodi- 
cally present at levels above the effluent limits more than 20 
percent of the time, a TRE should be required. With toxicity 
present at this rate, the TRE protocols will be useful. 

In most cases, any one additional exceedance (beyond the initial 
routine monitoring toxicity test result) in the accelerated toxicity 
tests could result in notification of the permittee that a TRE is 
required. Exceptions to this guideline might include cases where 
the permittee is able to adequately demonstrate that the cause of 
the exceedances is known and corrective actions have been im- 
mediately implemented or cases where additional test quality 
assurance/quality control (QA/QC) is necessary or desirable. The 
submittal of QC fact sheets for self-biomonitoring (e.g., Appendix 
6-2) 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 periodic or recurrent effluent toxicity 
problem. In these cases, more elaborate sampling design and 
influent or process stream monitoring may be needed. It should 
be expected that TREs conducted under these circumstances will 
probably require a more flexible schedule and perhaps additional 
time before the required completion date. 

If the accelerated testing and previous DMRs show the continued 
absence of effluent toxicity, then the initial exceedance would be 
considered an episodic event and a TRE should not be required. A 
TRE is not an appropriate response to a single, episodic effluent 
toxicity event (e.g., a spill or a plant upset). By conducting 
accelerated testing following a violation or exceedance of a per- 
mit condition, unnecessary TREs can be avoided. Similarly, con- 
ducting accelerated testing as part of the initial steps of a TRE will 
allow for the TRE to be ended in its very early stages if the toxicity 
is immediately controlled or determined to be episodic or nonre- 
current. By following the TRE guidance and incorporating accel- 
erated testing into the TRE, unnecessary analyses and expense can 
be avoided. 

It also is important to note that for the practical purposes of 
conducting a TRE (as opposed to the purpose of determining if a 
TRE should be required or not), the magnitude of the effluent 
toxicity needed to conduct a TRE may be less than the magnitude 
or level set as the permit limit or permit monitoring condition. 
This is because if the limit or monitoring condition is water 
quality-based then some amount of dilution will usually be incor- 
porated in determining the unacceptable level of effluent toxicity. 
In some cases, it may be possible for the TRE procedures to be 
carried out even if the toxicity does not actually exceed this 
permitted level. This will be the case as long as the effluent 
toxicity is periodically or consistently present in measurable 
amounts in samples of loo-percent effluent. 

It also is reasonable for a discharger to initiate a TRE prior to the 
establishment of a permit limit for toxicity if unacceptable levels of 
toxicity are found in the effluent through routine monitoring or 
through inspection and compliance sampling by the regulatory 
authority. Under these circumstances the regulatory authority 
will need to identify what constitutes unacceptable levels of toxic- 
ity since this will not be defined by a permit limit (see Chapter 3 
on determining the reasonable potential for excursions of water 
quality standards). It also is not unreasonable for the discharger 
to voluntarily initiate a TRE under these circumstances. 

There are a number of mechanisms that can be used to require a 
TRE. In most cases, the TRE should be required by a Section 308 
letter or by an enforcement action, such as a Section 309 Admin- 
istrative Order or a Consent Decree. The permittee should receive 
notification from the permit authority of what response is re- 
quired. This enables the permit authority to assess whether a TRE 
is the appropriate action to pursue. If effluent toxicity reappears 
following the successful completion of a TRE, then the permit 
authority should be able to review this type of situation to deter- 
mine if an additional TRE is appropriate or if some other action is 
required. In general, when the permit is issued with whole 
effluent toxicity limits in Part 1 of the permit, TRE requirements 
should be used where necessary to bring the permittee into 
compliance with those limits. Box 5-4 provides example lan- 
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guage for effluent toxicity limits, developed as part of the Whole 
Effluent Toxicity Basic Permitting Principles and Enforcement Strat- 
egy (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 effluent, and the 
previous compliance history. In order to conduct a TRE, reason- 

able timeframes are 6 to 18 months for an industrial discharger 
and 12 to 24 months for a municipal wastewater treatment plant. 
For POlWs, it may take longer to conduct a TRE due to lengthy 
government contracting procedures, large sewer collection sys- 
tems, and less influent constituent control. It should be recog- 
nized that extensions to these initial timeframes may be granted if 
the progress reports demonstrate that this is warranted. In situa- 
tions where reductions in chemical concentrations to meet chemi- 
cal-specific limits are needed as well as reductions in effluent 
toxicity, the timeframes may be adjusted to enable those efforts 
to proceed simultaneously. 

Box 54. Model Permit Language for Effluent Toxicity Limits 

Part 1 .A. Final Effluent Limits and Monitoring Requirements 

During the period beginning on the effective date of this permit and lasting until the expiration date, the 
permittee is authorized to discharge in accordance with the following limits and monitoring requirements 
from the following outfall(s): 001. 

Effluent Characteristic Discharge Limit Concentration 

Reporting Daily Monthly 
Code/Units Parameter Maximum Average 

Monitoring Requirement 

Measurement Sample 
Frequency Type 

-TUc Toxicity 10.0 5.0 x/month composite 

The permittee shall use the toxicity testing and data assessment procedures described in Part 3.8 of this 
permit. 

Box 5-5. Example Language for Requiring Toxicity Reduction Evaluations 

The discharger shall demonstrate that effluent toxicity-based permit limits described in Part 1 .A. of the 
permit are being attained and maintained through the application of all reasonable treatment and/or 
source control measures. Upon identifying noncompliance with those limits the discharger shall initiate 
corrective actions according to the following schedule: 

Task Deadline 

1. Take all reasonable measures necessary to Within 24 hours 
reduce toxicity immediately. 

2. Submit a plan and schedule to attain continued Within 30 days 
compliance with the effluent toxicity-based permit 
limits in Part I.A.,where source of toxicity is known, 
if immediate compliance is not attained. 

3. Submit 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-600/3-8Bi034, 035, 
and 036) and TRE protocol for POTWs (EPA-600/2-88i062) 
shall be the basis for this plan and schedule. 
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Box 5-5. Example Language for Requiring Toxicity Reduction 
Evaluations (continued) 

4. Initiate TRE plan. Within 45 days 

5. Comply with approved TRE schedule. Immediately upon approval 

6. Submit results of the TRE, including summary of Per approved schedule 
findings, corrective actions required, and data generated. 

7. Implement TRE controls as described in the final report. On due date of final report 
per approved schedule 

8. Complete TRE implementation to meet permit limits Per approved schedule, but 
and conditions. in no case later than XX 

months from initial noncom- 
pliance. 
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