
United States
Envi|onmenlal Protectio n
Agency

O'flice Ot Water
(EN-336)

EPA,5052-90.00.1
P891.127415
March 1991

, STEPA ffGiii"
For Water Quality-based
Toxics Control



PB9 t -127415

lhrlrdStr'lt
f'tfrIdffi,t'I Fmblciloil
,g,f/EI

0tfr6olhEl
r,'dt{0/a6N

TECHNICAL SUPFORT IX'CUMENT FOR
WATER QUALIW.BASED TOXICS CONTROL

r'dtl''9l
Utb olhEEnlw tN ME
Utu olftts''g0/'dffitrdslrcrbr6

A.S.MlmdtuAtMr
WWbh E f,rlal



ot fle W.A in conformance with the durdtion and frequencv
requirementl ot the water quality standards, This is not to sug-
gen that p€rmit witen should asume a probability. of exceedence
of the WLA but rather, that they should develop limits that witl
make an exceedance a very small likelihood.

Sinc€ effluents are variable and permit limits are developed based
on a low probability o{ exceedence, the permit limits should
considef effluent variability and ensure that the requisite loading
ftom the WLA i5 not exce€ded under normal conditions. In e{feci
then, the limits must "iorce" treatment plant perfonnance, which,
after considefing acceptable etfluent vadability, will only have a
low statistical probability of exceeding the W-A aod will achieve
the desired loadings,

tigure 5-3 shows a number of important aspects of the relation_
ships among the various statistical pardmeteE. In this illustration, '
the most limiting LTA (after comparing the LTAS derived from
both acute and chronic WLAS) has been chosen ior tl€ chronic
limiting condition. The more restrictive LTA will automatically
meet both WIA requir€ments. lf the effluent .fingerprint" for this
LTA (and associated CV) is projected, it can be seen that the
distibution of daily effluent values will not exceed the acute or
chronic wasteload allocations for unacceptable periods of time.
The duEtion and frequency requirements of the acut€ and chronic
criteria lor the pollutant or pollutant parameter will not be ex-
ce€ded. This figure al5o illustrates p€rmit limi8 dedved fiom the
more limiting LTA (Not€ that for the scenario depicted in Fioure
t3, the MDL is lower than the acute WtA and the avetge
monthly limit is lower than the chronic WLA This scenario will
occur when a 99-percent probability basis i! used to calculate the
LTA and a 95-p€rcent 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.)

43.2 lWol Y{anfQutity ltudeb ard net tufra8
Each of the two maior t)pes of water quality models, steady-state
and dynamic, and their WLA outputr have specific implications

Days

Figure 5-3, Relationship Between Dait Coocnetrationj,
Long.Term Average, Wasteload Allocations,

and Permit Limits

tor the subsequent p€rmit limit development process. Th€se
implicatioru ale discuss€d in detail below. EpA recomm€nds
that steady-state WLA analrEei gen€rally be u5ed by pennit.
ting autiorities in most cas€s and especially where few or no
whole effluent toricity or spedFc chemical measurements are
available, or where daily rcc€Mng water flow records are not
available. Twovalu€, steady-stzte models, although potentially
more protectiv€ than nece$ary, cm provide toxicologically pro-
tectir€ t€sults and are relatively simph to use. lf adequate
receM-ng watcl f,oyt, and effluent conenfation data are avail-
able to $timate frequenq/ disbibudont EPA recomm€nds
that one of tfie dlmami( WLA mod€ling tedniques be uied to
d€riv€ WLAs tfiat will more exastb, maintain water quality
standardr.

Steady-state Modeling

Traditional sir€le-value or two-value steady-state WLA models
calculate mAs at aitical conditions, which are usually combina-
tions of worst-€ase a$umptions of fow, effluent, and envircn-
.nental effests. For example, a steady-state model tor ammonia
consideE the maximum effiuent discharge to occur on the day of
lowest ri'rer flow, highest upstream concentratjon, highest pH,
and highest temperature, Each condition by itl€if has a low
probability of occurrence; the combination of conditions may
rarely o. never occur. Permit limits de ved from a steady-state
WLA model will be prot€ctive of water quality standards at the
critical conditions and for all environmental conditioni lesi than
critical. However, ruch p€rmit limits may be more stringent than
n€(essaD/ to meet the retum frequency .equirements of the water
quality criterion lor the pollutant of concern,

On the other hand, a steady-state model approach may involw
simplifyir€ assumptions lor other iactors, such as ambient back
ground concentrations of a toxicant, multiple source discharges
ot a toxicanl number of pollutants causing toxicity, incorrect
etfluent variability assumptr'ons, and infrequent compliance moni-
todng. The efi€ct of these t),pes ot fadors, esp€cially if unaccounted
for in the WLA determination, can reduce the level of prot€ctive.
ne5s.provided by the critical condition assumptions of the steady-
state model approach. Thereforq when using a steady-state WU
model, the p€rmitting authority should be aware of the different
assumptions and factors involrrred and should consider these ae
sumptions and factors adequately consideration when develop.
ing permit limk.

In general, steady-state analyses tend to be more conservative
than dynamic modeli b€€ause they rely on wo6t case assumF
tjons. ThuS p€rmit limits derived from these outputs willgener-
ally be lower than limits d€rived ftom dynamic models.

a) Single Volue Frcm o Steody-Stote Anolysis

Some singlevafue, steady-state modeling has b€en ured to cal€u-
late only chronic WLAS, These models produce a single efflu€nt
loading valueand no irformatjon about effluent variabiliv. Sinqle
value WLA,r are typically based upon older State 'nate|' quati-ty
standards that do not spe€it hvels for both acute and chronic
protection but ont;,n€lude one le1/elof protection. Such outDuts
also would be tound where a model is based uDon Drotection of
human health, since ont a single lon+term ambient value is of
concem.
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b) fwo volues trom SteodY'Stote Anotysis

Steady-state modeling fo. ptotection of aquatic life can specify
two sltJ of calculations---.one lor protection against acute effects
and one for proGction against chrgnic effects. These models

must use water quality criteria specifying two levels of protection.
In addition. these modelt include considerationt of mixing zones
when developing wLAs to atford two tevels of protection' Uke
the single-value, steady-5tate models, th€se mod€ls do not pr}

dLrce a;y information about acceptable effluent variability and
may require additional calculations to be translated into permit

limitr,

For complex discharge situations (i'e., multiple discharge6 or
complex environ mental {actoE needing consideration), water qual-
ity models and associat€d WLA5 are gpically develop€d by spe'
cialized water quality analysls in the regulatory authority How'
ever, the permit w.iter is olten required to develoP a water quality

model and WLA Prior to permit limit derivation. In the latter
situation. water quaiity modeling usually consistl of simple sGady-
state dilution models using worst-case assumPtions.

Dynamic Modeling

Dynamic models use estimates of effluent v.riability and the
v;riabitity of receiving water assimilation factors to d€veloP efflu-
ent requirements in terms of concentration and variability The

outputs irom dynamic models can be used to base permit limits
on probability estimates of receiving water concentrations rather
than worst-case conditigns- The advantages and disadvantages
of various types of dynamic models are prwided in Chapter 4.

In general, dynamic models account for the daily variations of and
rel-tionships between flow, efftuent, and environmental condi-
Uons and therefore directly determinethe actual probability that a
water quality standards exce€dence will occur' Because ot thit
dynamic modelt can be used to develoP W-As that maintain the
water quality standardt exactly at the return lrequency tequire-
menB oJ the ltandards. Since this retum frequency is usually one
event in 3 years, WLAS developed by dynamic models are typically
high€r than those developed by tteady.state models.

A targeted long,term average Pedonnance level and co€fficient 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 startiog point for the statistical Permit limit derivation
orocedures discussed in the next section. Continuous Simula-
tion models offer an array of effluent data that require further
manioulation to de\€loD an LTA and a CV. Both Monte Carlo
and Lognormal Probabilistic models prcduce an LTA and Cv,
which can be used directly in developing Pemit limits. Chapter 4
details the different dynamic models. SPecific instructions lor the
use of dynamic mqdels are available in the references listed at the
end of Chapter 4.

5.4 PERltllT UlNr mBNAn0il

There a.e a number of different approaches cunently being used
by permitting authorities to develop water quality-based limitsfot

toxic pollutantJ and toxicity. Differences in apProaches are often

aErib;tabh to the need for consistency betwe€n permit limit

derivation p.ocedures and the assumptions inherent in vdrious

tvoes ot t"iter quality models and WLA outputs' In addition'

#rmittino authorities also are constrained by hgal requirementj

and polici decisions that rnay apPly to a given Permitting situa-

tjon.' ln iome instances, however, p€rmitting procedurei have

been adopted without car€ful consideration of th€ toxicological
prlnclptes'involveO or the advantags and dGadv-antages ot the

proceourc,

To avoid this problem, EPA recommends that the statistical

D€rmit limit d;.ivation Procedure descriH in this chaPter be

Iiea tor ttre derivatiori of both chemkalspecific and whole

"tRont 
to.iaty limits for NPDE5 permlts' The type of WLA

chosen fom which to derive the limits is a matter of cde by-case

ioolication, as determined by the permiuing authority' Although

tiere ate advanuqet and disadvantages associated with each of

the procedures, E A believes that the statistical derivation Proce'
durs will tesult in the most defensible and protedive water

t;ity-Uat a per.it timits for both sPecific chemicalr and whole

efiuent toxicity-

The tollowing section exPlains EPA 5 recommended Permitting
orocedures a-nd highlightl advantages and disadvantages ofvari-

ous other approacies. Vlith this intormation, permitting authoti-

ties r"itt Ue biltter iniormed when deciding on the most apPropri-

ate oemit limit derivation aPProach' For examPle, permittinb

authorities mav decide to derive water quality-based permit limits

for all dischargers using a steady-state WLA model as a baselin€

limit determin;tion, lf time and tesources are available or if th€

dirchaEer itself takes the initiative (after apProval by the regula'

torv aui'hority), dynamic modeting could be conducted to further

.et'ne tfre Wi-e trom wtrich final permit limits would be derived'

Box 5-l pres€ntl examPle P€rmit limit calculations for each of the

orincioaitvpes of WLA outPutt dis€ussed in Section 5 4 l Permit

ii.its a"a""A from dynamic modeling are usually higher than

those based upon steady-state modeling' The difference is re

Rectea in gox lt and hai been observed in actual apPlications I l '

2, 3.1. .lo addition, the case studies in Chapter 7 illustrate how

ivadr qualitv-based permit limits are derived and compare the

results of lim-its deri\€d from steady state and dynamic wasteload

allocations.

5.1.1 FfAfufflffi,endr,iliotototffitinglr Aryattc
fficnobctiil,

Permit umit Derivation ftom Two-vdue' Steady-state out-

puts lot Aflte and chronic Protection

A number of W[As have two results: acute and chronic requirs

mentJ. These tyPes of allocations will b€ developed more oiten as

State5 beqin 6 adopt water quality standards that provide bottr

acute and chronic protection for aquatic li{e' These WLA outputs

need to be translated into MDts and AM[s The follotning

mahodology is designed to derive Permit limits fof specific chemi-

cats as well as whole effluent toxicity to achieve the5e WLAS'

. A treatrnent P€rformance level (LTA and CV) that willallo$/

the effluent to meet the WIA requircment it calculated'
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from Oltferent Wasteload Anocation Data

Av.llrble Data

Wr5teload Allo<rtion (WLA)
a.ute w6nebad alto<ation (wLtu)
Chronic Warteload Alto<lrion 0iVtA()
A.ut€-Chronic Ratio
Co€fficient of Vari.tion (CU
Nuhber of s.mples per Month (n)
Long Term Averrge (LTA)

2.50
't 4.3
4.52
0,8

4

o.E

9.41

14.3

;

Box 5'1. Sample Calculetions of permlt Limits ior Whote E flu€nt Toxicry

From dF rnk nod.l

MDL = tTAc.e [2.325o4.5d]- 9.44.4.01 (from T.bte 5-2F 37.9

AML = LTA(.e [2.3266n-O.son21= s.44.2.27 6ro|n Tabte s-2)= 2r_4

Note All calcrllation5 u5e the 99dr
percentil€ z statistic for ralcuhtion
of long-term averages and permit
limit5,

F qm two-vrht€ n€.dy st t€ wanaload altocatim

WLAa,= WIAa.ACR 
, = 2.50.4-62 = 12.0

LTA€ = wLA<.€ [0.5o2-2.325oj = 14.3.0.4a0 (from labte 5-r) =5.29
LTAa,c = w14",..g 1g.5sa2-2.326ai= 12.o.o.249
(from Table 5l) = 2.99
MDL = LTAa,c.e [2.]26o4.5d1 = 2.99.4.01 (trom Tabte s.2) - t2,o
AML = LTAa,(.e [2 3 25o ̂ -0.56^21= 2.gg,2.ZZ (ttom Tabte 5-2) -6.79

a{ocation
I

LTA = wLA.e [0.5J-2.3256] = 14.i.0.440 (froh Tabt€ 5J) =5.29
MDL = LTA.e l2-326o-0.5d1 = 5.29.4,01 (from Tabte 5-2) = 25.2
AMf = rTA.€ [2.3266n-O.Sc,n2] = 5.29.2.27 (irom Tabte S-2) = 14.j

M D I  = w L A  = 1 4 . 3
AMt = MOL/2 =7.15

Where two requirementi are specified ba5ed on diff€rent
duration periocls, two performance levels are Calculated
(Box 5-2, Step 2).

. For whole effluent toxiciB/ onl, the acute WLA is converted
anto an equivalent chronic WIA by multiplying the acute
WtA by an acute,tu-chronic ratio (ACR). This ratio should
optimally b€ based on effluent data, but also can be esti_
mated as I O, ba5ed on th€ information Dfesented in Chao_
ter 1 and Appendix A.

. Pemit limits are then derived directly lrom whichever oer.
forman€e level is more prote<tive (Box 5-2, Steps 3 and 4).

Figu.e 5-4 presents a flow chart summari?ing the various steps in
this procedure. In addition, the equations used in Box 5.2 are
based on the lognormal disfibution, which is exphined in more
detail in App€ndix E. The principal advantages of t}|is pro€edure
are described below.

. This proc€dur€ pro,/ides a mechanism ior settinq permit
limits that will be toxicotogically protectiv€. A ste;dy-state
WLA uses a 5ingh value to reflect the effluent loadinq and
thus is an inherent assumption that the actual e{fluent will
not exceed the cal€ulated loading value. tf th€ WLA is

simply adopted as the permit limit, the porsibitityexists irr
excdance of the WLA due to elfluent variability. Clearly,
however, €{fluents are variable. Therefore, germit limits ar€
established using a value corresponding to a p€rc€ntile of
the selected probability distibution of the effluent (e.g-,
95th or 9fth percentile).

. lt allows comparison ot two independent WLA6 (acut€ and
chronic) to determine which is more limitjng for a dis.
€harge. The WLA output provides two numbeF lor protec,
tion against two types of toxic effects, each based upon
different mixing conditions tor different duntions. Acute
eftects are limited based upon I -hour exposures at critical
conditions, close to the point of discharge, or wher€ necee
saryl at th€ end of the pipe. Chronic effects are limited
based on 4-day exporurer after mixing at citi€al condi
tions. These requirements yield diffet€nt effluent U€atm€nt
requirements that cannot be compaGd to each ottrer with-
out calcuhting the LTA performance level the pldt would
need to maintain in order to meet each requirem€flt With.
out this comparison (or in the absence of pocedures that
address this comparison), the wl-A repres€nting the more
critical condition €nnot be determined. A reatn€nt svs-
tem will only need to be desigoed to meet one hvel ol
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To se? maximum &ily and avaft,gc
monthly pemit limi s basad on
acute and chronic wasteload
alacations, u* tha to owing foul
steDs:

Convert the acute wasl€load
.l allocation lo chronic toxic .
' unib. SkiP to St€P 2 tol

chemical-specifi c limits.

Calculaie the long4em
t av€rage wasteload that will
' salisly the acule and chronic

wast€load allocations.

Determine th€ bwer (more
3 limiting) ot fie nflo long-ierm

ave€ges.

Calculate the maximum daily
, and averags monthly Permitt limib using lhe lo{rer (more

limiting) long-lem average.

Box $a Cabultting Pgffrtt Umits Br3€d on Two'Value Wa8tsload Allocetlon

Sbl91 (tor whole effluent

wLAac 0n 7U.) = wLA" (in IUJ' AcR

Step 3

LTA = min (LTA., LTAa.c)
Term

CV

LTA.c

LTAc

TU.

TUc

ACH

MOL

AML

z

€tning

Coeffci€nl ol \ra€lioi

Srandad deliation

Aq.i€ vJasloload a[cation
in ahrooic loxic unib

AdJb lYasblgad allocanon
in aoi6 bric units

Chronic rhsbload
all@lion in dftdc bxio
!nib

AqJt€ longFbtm awrage
rvaslBled in drtonic units

Ch|Ddc lot€.Gtm avsragg
$asidoad

AqrE bic unils

Chronic toxic r,ril6

ad,rFMltonb ralio

lr.xirrlrtn &ily t$lt

A,/6rag€ fiiofiftly limit

z 6tatsli6

.Step 2 .(stErl hete .tot clwnic€,t specilic linits)

LTA"," = Wl-A*"'e to'sd-zol

where d = In(CVr+1)
z = 1.645 tor 95lh percentile ptobabilry basis' and
z = 2.326 for gglh p€rcentila probability basrs

LTA. = WLA.. e to's"f -tol

where o.'? = ln(CV?4 +t)
z = 1.643 for 95h p€rcEnlile probability basis, and
z = 2,326 for 99th p€rc€ntile probability basis

Step 4

MDL= LTA. e lzo-o'#]

where of = In(CV'z+l)
z = 1 .645 for 95th perce ile Prob€bility basis' and
z = 2.326 for ggth p€rcEntile probability basis

AML = LTA. e lzqn- e'con-l

where o-2 = In(Ct'/n +11
z = 1.645 lot 95lh Dercentile probability basis, and
z = 2.326 for ggth p€rcantilE probability basis

'Fult d€ttlls of tis grccedure atE lourd h App€ndx E.
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Figure 5-4. Flowchart for Calculating permit Limits F.om
Two-Value, steady-State Waneload Allocation

tor Aquati< Ute prote<tion

treatrnent for etfluent toxicity_treatment needed to controt
the most limiting toxic effect,

. The actual number of samples can be {actored into p€rmit limit
derivation procedures. The procedure provides the means to
accu|ately determine the AML based on the number of obser-
vations thatwill be taken.

The principal disadvantages of this approach arer

*t Some permit writeF have indicated that additional math_- - . ematical calculations asso€iated with these procedures increare
the burden for the permit writer and add what b Derceived to
be an unnecessary step,

. The us€ of a steady-state WLA may result in permit limits that
a.e more conseryatjve due to the assumption of critjcal condi_
tions. However, these timits are still protective of water quality
criteria. The level of conservatism may be necesrary in those
instancerwhere limited data prevent a more precise evaluatign
of a WtA-

This procedure pro/ides a toxicologically sound approach. To
help the permit writer, EPA has developed tablel (se€ Tables 5l
and 5-2) to be used to quickly determine the necessary values. In
addition, some p€rmit authorities have developed their own com_
puter programs to rcadily compute the necessary information
trom the approprhte inputs.

Permit Limlt Derlvation From Dynamic Model Outputs

The least ambiguous and most exact way that a WLA for specific
chemicak or for whole effluent toxicity can be specified by using
dy-namic modeling trom which the W'LA is expressed as a required
€lfluent performance in terms of the LTA and CV of the daily
values. When a WLA i5 express€d as such, there is no confusion
about assumptions used and the tranjlation to permit limits. A
p€rmit Mter cao (eadiv design permit limits to achieve the Wl_A
:_b-J:cjives. The typ€s of dynamic exposure analys€s that yield a
WLA in terms of.equired performance are the contlnuous ;mula-
tioo, Monte Cado, and lognormal probabilitjes analys€s- Chapter
4 provides a general discussion of these models. Cuidance mjnu_
alr for dev€loping WLfu are list€d in the relerences at the end of
Chapter 4. Once the WtA is determined, the permit limit deriva_
tion procedure which can be used for both whoh effluent toricitv
and sp€cific chemicals, is as foltows:

. lhe WLA is tirst d€velop€d by itentiv€ty running the dy_
namic model with successively lower LTAs until the mod;l
shows compliance with the water quality standards.

. The etfluent LTA and CV must then be calculated from the
model effiuent inpuB used to show compliance with the
water quality rtandards. This step is only necessaqr for the
Monte Carlo and continugus simulation methods.

. The permit limit derivation procedures described in Box 5_
a Step 4 are used to derive MDtj and AML5 trom the
.equired €Jfluent LTA and CV. Unlike th€se procedureJ for
steady-5tate WLAIt! there is only a single LTA that provides
both acute and chronic protection, and, therelore, the
comparison step indicated in Figure 5-4 and Box S-2 is
unneces&iry.

The principal advantages ol this procedur€ arel

It provideJ a mechaniim tor computing p€rmit limits that
are toxicologically protectiv€- As with the procedure sum.
marized below tor two.value, steady-rtate WLA outputl.
the permit limit derivation pro<edures used with this type
of output considef effluent variability and derive permit
limitJ trom a single limiting LTA and CV.

Actual number of sampler is factored into p€rmit limit
derivation procedures. This procedure has the same ele-
m€nts as discusied for the statistjcal p.ocedures in Option 2
below.

Dynamic modeling determines an l-TA that will be ad-
equately protective of the W.A, which reli€5 on actual flow
data thereby reducing the need to rev on worst case critical
f low condition assumotions.
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0204

The principal disadvantages of this procedure are:

r Necessary data for effluent vaiability and receMng \4ater
ffows may be unavailable, which pre /entJ the use ol this
apProach.

. The amount of staft resources needed to exPlain how the
limits rrv€re developed and to conduct the WLA also is a
concem, The Petmit doqimentation C.e,, fact sheet) will
need to clearly explain th€ basis for the LTA and CV and this
can b€ resource intensive.

P€rmit Limit Derlvation From Single, Steady-State Model

Output

Some state ttatef quality criteda and the conesponding WLA5 are

reportd as a 5ingle value ftom which to detrne an acceptable
l€a/el of effluent quality. For er(ample, "coPPer concentratron
must not exceed 0.75 milliglams per liter (mgD innr€4m." SEady-

state anab6es assume that the €trluent i5 constant and, therefore,
the WLA value will never be exceeded. This presents a problem in

deriving permit limits becau5€ p€rmit limits ne€d to consider

€{fluent variability.
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