REGION89&10
GUIDANCE
 FOR IMPLEMENTING .
~ WHOLEEFFLUENT
RS - TOXICITY TESTING >
o  PROGRAMS | -




Deﬁne Water Quahty ObJectlves
' Crlterla and Standards

—

S w,/

Establish Priority |
~ Water Bodies - |

CHEMICAL

' L " WHOLE EFFLUENT
., SPECIFIC LIMITS . Generate - TOXICITY LIMITS

IDATH!

Screen for Individual Screen for

Chemlcals incl. Potentlal . : I ttluent

" Bioaccumulative, P | O ity
Carclnogenlc, or Mutageni'c I
~ Chemicals |

Evaluate
S [A“\POSL”.C and - Collect Definitive
: i | R . Calculate S Data for Efiluent
: o s . 2 TN ) ’ Jala lor & uen
Collect Definitive Data | Wasteload = Toxicity
| for Specific Chemicals | | Allocation 8 | ’

Detine Required Discharge Characteristics by the Wasteload
Allocation

Derive Permit Limits

Lvaluate Toxicity Reduction

Final Permit with Monitoring ,Requirements SR i

Flgure 1 Overvnew of the Water Quallty-based Tox1cs Control Process -
~ NOTE:  THIS POLICY DISCUSSES THOSE AREAS REPRESENTED BY BLACK BOXES.




TABLE OF CONTENTS
CHAPTER . o : ‘ - ' " PAGE

1 Introduction
Background- ... ... D PP 1-1
Pellston Workshop .. .. . S e 1.2
EPA’s Integrated Strategy ... ... ...... ... e . oo 145
Small Communities, Consnderatlons e 1-6
References . ...... ... .. ... . e, E “ 1-6

2 Developmg WET Permlt Condmons ................................... 2-1
Overvnew.., ........... e P e 2-1

Determmmg the Need for Permit lelts Wxthout Efﬂuent
Monitoring Data at a Facility ... ... . ... ... ... . .... 2-3
Determining the Need for Permlt Limits: Wnth Effluent Momtormg
Data at a Facility . .. .. . .. S . 2-4
- Permit lelt Derivation . . ... ... .. ... . R e 2-5
-~ Statistical Approach . ........... ... ... e e 2-7
Direct Application of the WLA Approach ................ 2-9
Other State Regulations . . .. .. ... .. ... .. e e 259
Expression of Permit Limits . ... ... ... ... .. ... R 2-9
Mixing Zones . .......... e e 2-10
WET Criteria ... .. P 2-10
Small Systems Considerations . ... ................ SN ... 2-13
Chronic and Acute Toxicity Testing . ... ... e e .. 2-14
Toxicity Test Methods . . ... .. ... ... e ..o 2-14
Chronic Test. Methods ......0................. 2-14

Salme Effluent Discharged to Saltwater ... .. ... 2-15
- Saline Effluent Discharged to Freshwater . . . ... ... 2-16
Freshwater Effluent Discharged to Saltwater ....... 2-16
Factors to Consider When Selecting Test Species . ... .. L., 2-18
" Taxonomic Diversity .. ... ....... ... ... 0., 2-18
Approved Test Methods P 2-25
TypeofFacxhty A P e 2-26
Seasonal and Temporal Effects ................... 2-26
Testmg Frequency A P 2-26
Monitoring F requency tor Reasonable Potentlal
Determmanon e I, 2-27
Monitoring Frequency for Permit Compliance ... ......... 2-27

TOC-1



CHAPTER - ' ' : o : ' PAGE

‘ 2 : Sample Collection . . . .. SR L P S
Selection of Dilution Water
Freshwater Tests .. ...« ... ... . .
Marine and Estuarine Tests . .. . . -
Selectlon of Dilution Series for Testing .
Compliance with NOEC Endpomt e L
-'‘Compliance with a Point Estimate (LC/IC/ECp) Endpomt:
Compliance with a t- test ..
Selection of Test Duration ... .. .. . . P LT B
Selection of Test Type .............. S A S
References ....... S P PP o

3 Statistics and Quality Assurance ........ B SUER
‘Overview . ... ... FE T N
- Statistical Endpoints and Analy515 ........ S A

Chronic Statistical Analysrs ..... J
Hypothesis Testing - .. ... ... ... .. ... .. . .
Defining false positives and fa]se negatxves
. Test sensitivity and minimum sxgmﬁcant
difference ... ... ... ...
Hypothesis testmg procedures
Point Estimate Techniques .. . . ... ... . . .. S
Point estimate models ....................
Acute Statistical Analysis. ... -
Hypothesrs Testing . ... .. .. ... ... . L
- NOAECendpoint . . ... ...« ... .. ..
Single concentration endpoint . . . . . . AP,
Point estimate Techniques . . . . . e DU
Evaluatton of Toxicity Data . . ............. ... SR "
‘Chronic Toxrcrty Data Sl e
Acute Toxicity Data . . . . .. S
Quahty and Assurance (QA) Procedures R e e
Reference Toxicants ... ........ S RN L
. When to Conduct Reference Tox:cant Tests ........

i Which Reference Toxlcant toUse .......... AU
Test Precision . ... ... ... ...... e e
- Variability in Toxicity Test Results R A A .
‘Doseresponse Curves .. ....................... e

- TOC-2

N

e



CHAPTER ' . o ’ : . PAGE

Test Acceptablhty Cntena (TAC) e .. 3418
Additional Testing’ Requnrements ..................... . 3-19
References ................. e . 3-20

I

4 Toxwlty Reductlon Evaluatlons ....... B S 4-1
“Overview ... e e 4-1
Information and Data Acqmsmon A TR B -
Good Housekeeping/Best Management Practlces (BMPS) ...... .. 4-6
Treatment Plant Optimization .. .. ........... .. . ... ... ... .. 4-6
Chemical Optlmlzatron .......................... S 4-7
Toxxcrty Identification Evaluations (TIEs) ....... U T 4-8

OVervIeW . . .. ... . 4-8
Phase I Interpretation of Results .. ... .. e P . 4-11
~ Non-polar organic toxicants . . .. ................ 4-11
Total Dissolved Solids (TDS) ...... e .. 4-11

Surfactants .. ... ... ... T U & b7
AMMONIA . ... . .. .o 4-12

Oxidants . ................. e I 4-14
References ....... T TR APIRY - & I

5 " Enforcement Gurdehnes for WET Vlolatlons e A ... 5-1
Overview ... ... ... ... .. R U 5-1
‘Types of Noncompllance ............... S e e 5-2
" Types of Enforcement Actions . ... .. . ......... 0. . ....... ... 523

Notice of Violation and Admlmstratlve Order for Complxance . 5-3
Administrative Penalty Order . ........ ... S N 5-4
- Civil Referral - ... ... e SRR 5-5
“Criminal Prosecution . . ... ... AP B ... 5-6
When to Take Enforcement Action . .. ... . ....... R, S 5-6
Violation.of Numeric WET leltatlons P S 5-6
Invalid Test Results . . ... ... ... . .. ... .. ... ..., 5-7
Noncomphance with Other Narrative WET -
Permit Conditions. . . ... .. ... ... e e 5T
Ammonia Toxicity . ... ... ... S S 5-7
Total Dissolved Solids . . . .. e e ... 59
Confounding Pollutants e e 5-10
References ............ S s e e 5-12

N

Nounron’



" EXECUTIVE SUMMARY

- The Environmental Protection Agency (EPA) Régions.‘9 and 10, have deueloped draft
- guidance for 1mplementmg whole effluent toxicity (WET) programs. This guidance

.incorporates information on WET requirements from supporting EPA documents, such as the

Technical Support Document for Water Quality-based Toxics Control (TSD, EPA/505/2-90- .
'001) and the EPA toxicity test method manuals, in order to provide a single concise document.
A collaborative effort between Regions 9-and 10, this' guidance includes input from States as
well as the regulated commumty on some non-policy issues. This interim guidance also

~ incorporates many comments from States, EPA headquarters, and other EPA regions. Region’
- 9 issued the second draft of the guidance to the regulated community in Reg1on 9 states on
May 18, 1995 while Reglon 10 drstnbuted the second draft on June 23 1995. -

This document provrdes gurdance to EPA permit writers and States on how best to 1mplement
EPA’s National Pollutant Discharge Elimination System (NPDES) regulations regarding
~appropriate WET limitations and monitoring requirements in permits. It also provides

guidance to the public and to the regulated community on how Regions 9 and 10 intend to - -
exercise its discretion in tmplementmg its regulations.. This guidance is designed to 1mplement R
national policy on these issues. This document does not substitute for EPA’s regulations, nor -

isita. regulatlon itself. Thus, it cannot impose legally binding requirements on EPA, States,
* or the regulated community, and may not apply to a particular situation based upon the . -
circumstances. - EPA may change this guidance in the future, as appropriate. EPAis.
_ convening a national meeting.in 1996 to discuss implementation issues with WET testing

~ programs. This meeting will be open to public participation by the regulated community,

~ environmentalists, laboratories, States, Tribes, EPA and other interested parties. /

This guidance is not meant to supersede any established State programs, such as exist in
Washington and California. This document describes many of the types of WET programs in
© operation and makes recommendations specific to the Regions 9°and 10 States where national -

guidance-is extremely broad. This document also specifies that permit decisions must take into -

account apphcable Federal, State and Tnbal laws, regulattons guldance, and standards

, The pnmary objectlve of the whole efﬂuent toxicity testing program is to ldenttfy

" characterize, and eliminate toxic effects of discharges on our aquati¢ resources. The

. permitting authorities should strive to establish NPDES WET limits and/or momtormg

schedules with appropriate test methods and testing frequency 10 achieve the program

" objectives. NPDES limits and/or monitoring schedules are used to ensure that when effects
-are demonstrated on the aquatic organisms that the permittee will act expedltlously to identify .
the cause(s) of toxicity and reduce/eliminate the cause(s) to protect the aquatic resources
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EXECUTIVE SUMMARY

e

Mrmmum reqlurements for a State WET testmg program'

WET monitoring data requrrements Requlred at all major and minor mdustrlal
categorrzed in the NPDES program under specific SIC codes, POTW’s with -
pretreatment programs, POTW’s with design flow > 1 MGD, facilitiés desrgnated
under Section 304(\1) of the CWA and others where toxlcrty is suspected

Reasonable potentlal The EPA statrsucal approach as outhned in the TSDor an
approved State policy of a pre- determmed number of farlures States can develop their
own policy on reasonable potentral

Type of testrng The appropnate acute or chromc toxrcrty testing requtrement must be
based on the EPA TSD statistical method or State standards

Mixing zone EPA endorses the use of mrxmg zones and encourages the states to .
1nclude a proper rmxrng zone. pohcy in their water quahty standards

WET Lmut Requrred ifa drscharge causes, has a reasonable potentral to cause, or -
contributes to-an exceedance of applrcable water qualrty standards 1ncludrng numerlc .
or narratwe

e

Permlts must be wntten to avord am‘blguity and ensure enforceability:

Test spec1es/ methods Toxrcrty testmg specres a.nd methods must be accurately
referenced in the permrt

Fregueng Where WET limits are requrred frequency of toxrcrty testing should be
monthly for majors and quarterly for minors. -More frequent testing should be requrred
on a case-by-case basis dependmg on the effluent variability. Less frequent testing "
could be allowed where no toxicity is demonstrated with an acceptable facility database
covering both temporal and spatial factors." The permit writer should consider all
avarlable data when making decrsrons regardmg testrng frequency

Number of species: A minimum of two species must be tested for acute testmg (an
invertebrate and a vertebrate). A minimum of three species must be tested for chronic
testing (an mvertebrate a vertebrate and-a plant or for Region 10, two mvertebrates
and a vertebrate), at least through the screemng phase

Quality Assurance[Quahty ControlA minimum of four replrcates should be requrred
for chromc toxicity test methods, unless the method cites a higher number

ES-2



EXECUTIVE SUMMARY

)

Laboratorles should calculate and report the minimumrsignificant difference (MSD) for
the reference toxicant regardless of whether the comphance endpomt is based on
hypothesis testmg or pomt estlmates

TRE/TIE language The permrt must reference the approprlate TRE/TIE documents
and TRE trrggers Limits must be written with TRE triggers. Note: if a monitoring
requirement is used instead of a WET limit, then reopener language w1th TRE trlggers
must be cited in permits.

WET llmltS The permrttmg authonty should estabhsh perrmt limits using a statrsttcal

derivation procedure that adequately accounts for effluent variability. The limit should
include a maximum daily permit limit (MDL) and average monthly limit (AML),

unless other State standards have been adopted Typlcally only a manmum datly limit

is, used for acute \tox1c1ty

Srngle exceedances: The initial response to a smgle exceedance of a WET lrrmt
causing no known ecosystem harm, should not be a formal enforcement action with a
civil penalty. In the case of inconclusive TREs, solutions should be pursued Jomtly
with: expertlse from EPA and/or the States as well as the permlttee

l
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~ ACRONYMS AND INITIALS
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 REGIONS 9 AND 10 GUIDANCE FOR IMPLEMENTING =~ =™
WHOLE EFFLUENT TOXICITY TESTING PROGRAMS - }

' CHAPTER 1. INTRODUCTION
‘BACKGROU\ID

' AWhen the Clean Water Act (CWA) was enacted in 1972 EPA embarked on a long term program

aimed at restoring and maintaining the chemical, physrcal and biological integrity of the Nation's

* . waters. The National Pollutant Discharge Elimination System (NPDES), the centerpiece of EPA's
- water quahty control program was establtshed to regulate industrial and mumc1pal wastewater

- dlscharges :

" The initial phases of the NPDES program- relted on chemtcal speCtﬁc effluent limits and treatment
technology pnncrples to reduce discharges of toxic and conventional pollutants. Industries were

“required to install the best practicable control technology in order the limit the discharge of -

- conventional pollutants such as BOD, TSS, and pH as well as some heavy metals.. Publicly -

owned treatment works (POTWs) were required to install secondary (biological) treatment The

\water quality program focused for the most part on conventtonal pollutants

" During the l980s mdustnes recetved addmonal treatment technology requirements. POTWs :
added pretreatment programs. Even with these changes, however; many discharges remained
toxic. Data gathered in the early 1980s indicated that approximately 40 percent of NPDES. -

~ . facilities nationwide dtscharged sufficient toxicity to cause water quality problems. Further . L
reductions were necessary in order to achieve comphance wnth State water qualtty standards '

. requirements ¢ of "no toxics in toxic amounts :

g 4

In response to these ﬁndings EPA desngned a policy 'to reduce'or eliminate toxics discharges.
The "Policy for the Development of Water Quality-based Permit Limitations for Toxic
Pollutants", found at 49 FR 9016, dated March 9, 1984, introduced EPA's integrated toxics -

- control'program. This program consists of the application of both chemical-specific and

biological methods to reduce toxic discharges. In support of this policy, EPA developed the

Technical Support. Document for Water Quality-based Toxics Control (TSD). First issued in

- 1985, this document gives specrﬁc guidance on water quality program implementation issues- such ’
-as the integration of chemical and biological approaches chemical, physical, and biological testmg’
requrrements and most tmportantly, whole effluent tOXlClty (WET) testmg requrrements k

‘ On July 7, 1994, EPA 1ssued a nattonal pohcy govemmg the deyelopment of effluent ltmttattons in
NPDES permits to control whole ef’ﬂuent toxicity (WET) for the protection of aquatic | ltfe
Consisting of eight policy statements, the document reaffirmed EPA's strong continuing :
~ . commitment to the existing Clean Water Act provisions and water quality pertmttmg regulattons

at 40 CFR 122.44(d)(1). While EPA permit writers are expected to follow the portions of the
- policy that provrde gutdance on the tmplementatton of statutory and regulatory requtrements for

el



’the control of WET, dec151ons on individual permit prov151ons should be made on a case- by-case
‘basis. Thus, permit writers are expected to apply the law and regulations to specific facts and

lNTRODUCTlON

N’

justify the decisions in the record for the permit. Nothing in-the national policy should be
mterpreted as provrdmg any rehef from the statutory and regulatory. -requirements that permits -
include conditions as necessary to assure attainment of water quality standards. The national
policy provides a general framework on Wthh a gurdance specxﬁcally applymg to the Regxon
should rest

_
It has'now been over ten years since EPA and

states began using WET tests to assessand: = The eught statements of the natronal pohcy

protect water quality. This decade-long - concern: ‘ S
experience has allowed for the continued

refinement of test.methods, and has 1 Basns for WET controls

consrstently demonstrated the value of WET = 2 Evaluation of drschargers for

testing in the mtegrated water quality control - - reasonable potential - _ S
program. In spite of this experience, however, | , v , _

WET testing remains contentious. The 3 Evaluating reasonable potential

reliability and accuracy of WET testing, in -4, - Consequences of establishing

particular, continues to be questioned. .-~ reasonable potential

Regions 9 and 10 have prepared this guidance
document to.address the many valid concerns
that remain over WET testing, and to provide .- g Gompliance schedules in NPDES
detailed recommendations for complex R permlts

implementation programs. Quality assurance,
species selection, statistical and reasonable
potential procedures, permit language,
monitoring frequency, and enforcement 8 WET and POTWSs
procedures-are all covered herem

3. . . WET monitoring

S

~.

WET controls and the' pollutants
ammonia and chlorine

L. ]
It is the posmon of EPA Regrons 9 and 10 11 Eight statements of the nation‘al WET Policy.‘

that WET test methods, when closely and

faithfully followed, yield reproducible and accurate resuits. WET testing | has a vital role to play in
water pollution control programs; regulating and helping to identify toxicity in both wastewater
and ambient waters. It is our hope that this guidance will assist Western states, tribes, NPDES
permittees, and private testing laboratories to move beyond arguments over WET test rehabnhty
and accuracy and move towards consctentlous and comprehensnve water qualrty protectlon

PELLSTON WORKSHOP

In September 1995 the Ofﬁce of Wastewater Management (OWM) and Ofﬁce of Scnence and
Technology (OST) helped fund a Socrety of Environmental Toxlcology and Chemistry (SETAC)
Pellston workshop on WET. The workshop explored the science involved in WET testmg EPA -

o
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NTRODUCTION

views thns as the begmmng of a- m1d -course evdluation of a successfully xmplemented program
The workshop evaluated the latest science. While the proceedings wiil be publlshed 1ater this
summer, the overall conclusnons are llsted in the box- below.

e
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WET exposure methods are techmcallv sound and require no 1mmed1atemod1ﬁcauons

WET testmg 1s an effechve tool for prcdlctmg 1mpat.t in'lotie receiving swstems Addmonal laboraton to
ﬁeld \ahdanon 1s not essentlal for the contmued use of WET testmg

The gmdance provided in the U.S. EPA's Technical Support Document for Water Qua[:rv Based Toxics
Comrol must be followed cloaely to meet the objectives of the WET testing program

A number ofproblems with WET t(.\l\ are Lr.lU\Ld b\ mlsappht,atlon of the tests., mmntuprt.tallon of data.
quality of the WET test laboratory, and ths. lack ol tr aining and experience of laboratory personnel,
regulators and pemutees

Current WET pemnt limits have sutlicient margins of safety xo that episodic:exceedances should not cause
receiving water impacts. The signiticance of an exceedance of WET limits depends on receiving water
conditions, especxally dxlutton at the time of the e\cecdanoe and the duration of the toxic event.

Variability in the use of both WET test:methods and btoassc.ssmt.nt tc.chmquc.s and mﬂuences test
interpretation and acceptablhty and the e\trapoldtlon of WET test results to field i impacts.

The largest sources of vanabnhty in WET testing are the level of analyst expertise and judgment and test
orgamsm condition/ health Devratlon from eslablished methods-can be controlled by an effective QA/QC-
program

Currently used statistical methods are widely ust.d and acceptt.d However |mprovements are av allable that’
should be consxdered

Biological assessment approaches when propet ly deslgned can accurately assess envxronmental xmpact to,
aquatxc brota

Broassessments are nmded to compensate for the hmxtauons of WET tests to predxct phytotoxrcrty sed.unent

In addmon to WET testing, results from in situ testing, ambient toxicity testing, and bloaSSessmems are
useful to evaluate WET limits and margins of salety.

The relauonshlp between WET tests and receiving water u-npacts is based largely on ammal eﬂ'ects in
streams: thmal data exist descnbmg the effect of eﬂluent toxxcxty exposure in wetlands, estuanes and

must be given to selecting appropriate reference conditions for field assessments. Regional
strengthen assessments of receiving water impdcts and facilitate characterization of

Effluent toxxcxty isone of several factors that can adversely u'npact brologxcal commumues and is not always
the: major cause of observed community 1mpacts

N

’ 1

Conclusions from the Peliston Workshop . ‘
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EPA'S INTEGRATED STRATEGY

For the protectlon of aquatic lnfe the mtegrated strategy involves the use of three control
. -approaches: chemical- specrﬁc control, WET control, and biological criteria/bioassessment and
blosurvey This gundance only addresses the protectlon of aquatic life, not human health

Each of the three control approaches have advantages and hm:tatlons EPA acute ambient criteria
.- are based on protecting a minimum of eight different -organisms, 1nclud1ng fish, invertebrates,” and

~ plants. Chemical analyses can sometimes be less expensive than WET testing and biological
surveys, if only a few toxicants are present. The chemical-specific approach can allow prediction
- of ecological impacts before they occur, since it also considers bioaccumulation and human health
‘impacts. A limitation of the chemical-specific approach is that all toxicants in wastewaters are not
known, and therefore, control requirements for all toxlcants cannot be set

Some advantages of WET testing i'ncludef the toxi’city of efﬂuent or_ am_bient water is measured
directly for the species tested; the aggregate toxicity of all constituents in a complex effluent is
measured, and toxic effect can be limited by limiting one parameter, i.e., WET, and ecological
impacts can be predicted before they occur. The principal hmltatlons mclude onily measuring and
controlling toxicity to aquatic organisms; WET testing regimes usually only test two or three
families, while water quality criteria are based on a minimum of’ eight different famllles the WET
test directly measures only the immediate bioavailability of a toxicant or toxicants in the test : o
medium and cannot measure the persistence downstream and long-term cumulatlve tox1c1ty of a }
compound : *

- The bloassessment approach can: dlrectly assess the status of a waterbody, since blologlcal
communities reflect overall ecological integrity; provide a holistic measure of the aggregate
impact of pollutant stressors and can measure historical trends and fluctuating environmental
conditions. - The bioassessment approach is limited in that: bioassessments conducted at critical
low flow Conditions can be difficult to accomplish; data may not be sufficient to detect impacts _
without appropriate reference conditions or suitable biocriteria; the méthods detéct problems after
they have occurred; and causes of nmpaxrment may not-be asstgned readlly to any one dlscharger
- or other source.

Based on the differences of each of the three approaches, chemical-specific, whole effluent -

toxicity, and biological cntena/bloassessment and blosurvey, protectron of aquatic life will be

more thorough if all three approaches are used. The chemical-specific approach prowdes a high x
* accuracy of analysis of the individual chemical constituents (while the precision of the analyses are
comparable to the precision of WET analyses), has been used by regulatory authorities, and is

- generally.lowest in cost, when there are few ‘chemicals that need to be analyzed. However, if no .

. _chemical-specific criteria exist for the chemicals present in the effluent, the level of protection

~could be low or even absent The WET approach fills this gap by measuring the aggregate effect
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of all toxxcants However even this approach can be hmlted by the use of msensmve or less
sensitive species and protocols. Bioassessments also provide a coverage of many brologrcal
impacts and can allow for accurate historical trend analyses.. Bioassessments, though, cost more
- than the other two approaches and data i mterpretatron can be extremely drﬂ'rcult

It is EPA's posmon that the concept of "mdependent apphcatron" be applied to water quahty-
based situations [USEPA 1991(a)]. -Since each method has unique as well as overlapping
attnbutes sensitivities, and program apphcatlons no single approach for detecting impact should
be considered supenor to any other approach The most protective results from each assessment
conducted should be used-in the effluent characterization process. EPA regulations at
122.44(d)(1) in effect require independent application of chemical-specific and whole eﬁluent data
and criteria when characterizing effluents. Few of the Region 9 and 10 states have estabhshed
biocriteria, so permit writers will be relylng mostly upon WET and chemical- -specific data in .
determining limits. The TSD recommends that whenever dtscrepanCres between the findings of
the approaches occur, the regulatory agencies consider re- examining the ﬁndmgs to determine if -

simplifications or assumptions may have caused the differences. For instance, concurrent analysis "

of the sampling approach and analysis of the biosurvey data’ mxght be needed to see if they
adequately charactenze the recervmg water.

SMALL COMI\/IUNITIES CONSIDERATIONS

This gurdance recognizes that the development and 1mplementat10n of an extensrve WET testmg
program may be difficult for some small municipalities. At the discretion of the permit writer
small communities may be granted effluent characterization programs or monitoring frequencies
that vary-from what this guidance recommends. The Reasonable Potentlal Sectlon in Chapter 2,
dlscusses considerations for small systems ir in more detatl

Bl
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 CHAPTER 2. DEVELOPING WET PERMIT CONDITIONS - . }
OVERVIEW ' |

In Chapter  of this gurdance the hrstory and regulatory and statutory basrs of the NPDES WET
testing program were presented. Chapter 2 discusses the actual development of WET permit

- conditions. Subjects covered in this chapter include reasonable potential determinations,

- discharge has reasonable potential to exceed water quality standards. For instance, dynamic

_derivation:and expression of WET permit limits, mixing zones, WET criteria, and acute and
chronic toxicity testing parameters : - : :

'i‘rREASONABLE POTENTIAL B

EPA's exxstmg regulatrons requrre NPDES permits to include water qualrty-based ef’ﬂuent
limitations (WQBELSs) to control all pollutants or pollutant parameters, including WET, that the

© permitting authority determines are or may be discharged at a level which will cause, have the |
reasonable potentral to cause, or contribute to an excursion above any water quality standards
including numeric and- narrative criteria for water quality (40 CFR Part 122. 44(d)(1)). WET data
-~ are not necessary in order to assess the reasonable potential for a standards exceedance.
Reasonable potential can be determined with or wrthout facility specific efﬂuent data, whrch w111
be discussed later in this section.

The TSD guidance recogmzes that the permit writer has ﬂexibtlity in assessmé whether a.

modeling can be used. Dynamic models account for the daily variations of and relationships
between flow, effluent, and environmental conditions and therefore directly determine the actual °
probability that a water quality standards exceedance will occur. Few facilities, though, have the
quantity and quality of information available to allow the use of dynamic models. In addition, a
permitting authority may decide to develop a WQBEL in the absence of facility-specific effluent
monitoring data. Regardless of which approach is selected by the authority, it must satisfy all
requrrements ot‘ 40 CF R Part 122 44(d)(1 )(u) summanzed below ;, :

' NPDES regulations at 40 CFR Part 122 44(d)( 1)(i) require the estabhshment of an eﬁ]uent
* limitation for any pollutant which is or may be discharged at a level that "will cause, have a
_ reasonable potential to cause, or contnbute to an excursion above any State water quality
standard, including State narrative criteria for water quality.” In determining the need for an
effluent limitation, the permit writer must consider existing controls on other point and nonpomt
sources, the vanabllrty of the pollutant or pollutant parameter in the discharge, the sensrtmty of
~ the test species (for WET) and, where appropriate, the mixing of the discharge in the receiving
water [see 40 CFR Part 122. 44(d)(u)] Effluent limitations must be included, as appropriate, for
-/specrﬁc pollutants and/or WET : A . B

At least three outcomes are possrble when' decrdmg whether a facility causes has the reasonable '
potentlal to cause, or contrlbutes to an excursron above a water quallty cntenon Frrst a.

B ‘\'u.!)'/l .



DEVELOPING WET PERMIT COVDlTlONb

permlttmg authonty may determme that the WET- of a facxlxty s dxscharge may be at a level Wthh
causes has the reasonable potential to cause, or contributes to an excursion above a narrative or
numeric water quality'criterion. In this'case, the permitting authority is required to establish a
WQBEL in the permit (40 CFR Part 122. 44(d)(l)(u)) -This WQBEL must be for WET, unless
the State does not have numeric criteria for toxicity and the permitting authority can demonstrate
that chenncal spec1ﬁc limits are sufﬁcxent to attain and mamtam apphcable standards (40 C FR
Part 122. 44(d)(1)(v)). .

/

Reasonable potentlal is shown where an
effluent, in conjunction with other pomt and
nonpomt sources, is prOJected to cause an °* . Facility discharge has reasonable
excursion above the water- quality criterion. potential to cause or contribute to an
This projection is based upon an analysis of excursion above a WQ criterion /
available data that accounts for, among other o Inadequate information to determine

thirigs, limited sample size and efﬂuent whether discharge will cause or
vanabllxty ‘ : contribute to an excursnon above a wa
criterion

Second, a permitting authority may have - &  Facility discharge does not cause an
inadequate information to determine whether . excursion above a WQ criterion

a discharge causes, has the reasonable .
potentlal to cause, or contributes to an 21 - Possible outcomes of an RP analysis'
excursion of a water quality criterion. In this’
case, the permitting authority is not required to establish a WQBEL EPA does, however,
recommend that the permitting authority establish appropriate monitoring requirements
and a reopener clause in the permit (see TSD, Chap 3.3.3). A reopener clause authorizes
"reopening" the permit and establishing additional permit conditions based on monitoring results
or other new factors that indicate that the effluent may cause, have the reasonable potential to
cause, or contribute to an excursion above water quality. standards." ‘When permits are reopened"
in this manner, permitting authorities typlcally impose WQBELS for WET and/or requnre a
dxscharger to perform a tox1c1ty reductxon evaluatlon (TRE)

Three outcomes are possible

Th1rd a pemnttmg authonty may determme that WETina facnltty ] dlscharge is not dxscharged at
a level that causes, or contributes to an excursion above a water quality criterion. “Under this
outcome, the permitting authority need not establish a WQBEL. EPA recommends that
monitoring be repeated at a frequency of at least once every five years (pnor to the next
perrmt rexssuance process) (see TSD, Chapter 3.3). -

Where reasonable potentlal is not demonstrated for WET WET lmuts need not be mcluded in the
permit. The tiered methodology used to evaluate reasonable potent:al with and wnthout
fac:llty-speclﬁc effluent and receiving water quallty data are outlined in- Appendxx J.

N
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Determmmg the Need for Permit Limits: - Without Effluent Momtormg Data at a Faclhty

‘ lfa regulatory authonty chooses or the situation warrants it, the permitting authonty may decide’

to develop and impose a limit for WET. wrthout facility- specxﬁc effluent monitoring data, or prior
to the generation of effluent data. In doing so, the regulatory authority must satisfy all the
requirements of 40 CFR Part 122. 44(d)(l)(u) [See Appendix G, Statutory and Regulatory
Considerations.] This approach is discretionary. Should the permit writer choose to impose
permits limits using this approach he/she should present a clear ratlonale for the approach in the
permit fact sheet

When determmmg whether or not a discharge causes, has the reasonable potential to cause, or
contnbutes to an excursion of a narrative or numeric water quality criterion for individual

toxicants oF toxicity, the permitting authority can use a variety of factors and mformatlon where

facility specific effluent monitoring data are unavailable. These factors should also be conSIdered

w1th avallable effluent monitoring data. Some of these factors are the f’ollowmg
--Dllutxon Toxic lmpact is dlrectly related to available dllutlon for the efﬂuent Dilution
is related to the receiving water stream flow, the size of the dlscharge and ‘among other
factors, whether.or not there is a diffuser. . The lIower the availabie dilution, the higher the
potential for toxic effect. Assessment of the amount of stream dilution available should be-
made at the conditions required by the water quality standards, or if not specified in the
standards, the 7Q10 flow (consecutive 7-day low flow with a 10 year recurrence interval)
for application of the chronic criterion and 1Q10 flow (1-day low flow with a 10 year-
recurrence interval) for appllcatlon of the acute criteria, or other comparable low flow.

--Type of mdustry Although dischargers should be mdlvrdually characterized because
toxicity problems are site-specific, the primary industrial categories are of principal
toxicity concern. EPA's treatment technology database generally indicates that secondary
industrial categones may have less potentlal for toxicity than primary mdustrles

--Type ol‘ POTW. POTWs wuth loadmgs from mdlrect dxschargers (particularly primary
industries) may be candidates for toxicity limits. However, absence of industrial input
does not guarantee an absence of toxicity problems.. For example, commercial pesticide
applicators often discharge to POTWs, resulting in pesticide concentrations high enough
to cause toxicity in the POTW's effluent. Household disposal of pesticides, detergents, or -
other toxics may also have an effect. The types of industrial users, their product lines, and
raw materials, their potential and actual discharges, as well as control equipment- should be
evaluated.. In addition, POTWs should be evaluated for potentlal toxxcnty due to chlorine
and ammoma

--Existing data on toxic pollutants. Dlscharge monitoring reports (DMRs) and data
from NPDES perrmt appllcatlon forms 2C and 2A may provnde some indication of the
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presence of toxxcants The presence or absence of the 126 prronty pollutants may or may
not be an indication of the presence or absence of toxicity. There are-thousands of
toxicants not on the list of 126 priority pollutants that are-by definition "nonconventional”
‘pollutants that may cause toxicity. Also, combinations of toxicants can produce toxicity -
‘where individual toxicants would not. EPA regulations at 40 CFR Part 122. 21(j) require
POTWs with design flows equal to or greater than 1 MGD and POTWs with approved
pretreatment programs, or POTWs required to develop pretreatment programs, to. submit
the results of WET toxrcnty tests with their permit applications. These regulations also

, allow the permitting. authonty to request such data from other POTWs at the time of the
apphcatron

--Hlstory of comphance problems and toxic |mpact Permrttmg authority | may consrder
particular dischargers that have had difficulty complying with limits on toxicants or that
have: a hrstory of known toxicity rmpacts as probable candldates for WET llmrts

--Type of recelvmg water and de5|gnated use. Regulatory authontles may ¢ompile data
on water quality. Examples of available data include reports of fish kills, State lists of
priority waterbodies, and State lists of waters that are riot meeting water quality standards.
One source of this information is the lists of waters generated under sectlon 304(l) of the
CWA and descnbed at 40 CFR Part 130 10(d)(6).

The presence of a combrnatlon of the factors described above, such as low available dilution,
high-quality receiving waters, poor compliance record, and clustered industrial and municipal
discharges, could constitute a high priority for effluent limits including WET. If the permitting
authonty chooses to lmpose an effluent limit without facility-specific effluent momtonng data, it
will need to provide adequate justification for the limit in the permit development rationale in the
permit fact sheet. EPA recommends, however, that the permitting authorlty obtain facility-
specific WET momtormg data before permit reissuance. The permitting authority may.obtain
this data through. sect:on 308 authonty under the CWA or similar State authonty

Determmmg the Need for'Permlt Limits Wlth Emuent Momtdrmg Data at a Faclllty

When deterrmmng the need for a chemlcal specrﬁc or. WET llmlt the permxttmg authonty should
use all available data, together with any.information like that drscussed in the previous section, as
‘a basis for a decision. While the following discussion can apply to calculation of both chemical- -
specific and WET limits, only WET will be addressed. EPA emphasizes that the purpose of the
data generation is to determine whether or not a WET permit limit is necessary. If the
permitting authority chooses to gather WET test data through the permit, a reasonable
potential determmatlon must be made at the time the permlt is reopened or reissued.
Reasoriable potentlal is determmed using a sequentlal txered process (see Appendlx Jand TSD
Chapter 3). In the first step, hlstoncal effluent data for WET and appropriate statlstlcs derived

2-4
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DEVELOPING WET PERMIT CONDITIONS

wasteload allocatlon (WLA) The WLA defines the approprrate dlscharge level that the treatment
facxltty must achieve in order protect water qualrty

Two major types of water quahty models are used to develop WLAs steady state and dynamnc
Traditional single- or two-value steady-state WLA models calculate WLAS at critical conditions,
using worst-case assumptions for flow, effluent, and environmental effects. Permit limits derived
froma steady-state model will be protective of water quality standards at critical condmons and
all environmental conditions less than critical. In general steady state “models tend to be more
conservative than dynamic models because they rely on'worst- -casé-assumptions. EPA
recommends that steady-state- ‘WLA analyses be used by permnttmg authorities, especlhlly
where few or no whole effluent tOXICIty measurements are. avallable, or where daily water -
\l'low records are not avatlable

Usmg steady-state models WLA calculations are always made assummg crmcal condmons To
calculate acute and chromc WLAs using thlS approach one must obtain values for

. Cntenon contmuous concentratron (CCC) [the chronic criterion]

. ~ Chronic, fraction of 7Q10 flow available for drlutxon or as specrﬁed by state water
quality standards’

. Criterion maximum concentration (CMC) [the acute cnterton]

. Acute, fraction of 1Q10 flow avatlable for dllutton or as specnﬁed by state water
quality standards

* . Effluent flow. -

. Background toxicity

EPA recommends that the background value of 0 (zero) should be assumed when
calculating WLAs for acute and chronic toxicity. Where background toxicity is believed. to
exist, the permitting authonty may choose to use ambient site water as dilution water for WET
compltance momtonng ThlS practtce can be useful in capturmg and accountmg for background
toxicity.

The steady-state mass balance equation is shown below in Box 2-2.

)
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. , ‘ B . . ‘ \ ' x .l ) \ .
ST [Cr(Qd +Qs)] - r(cS<osn ‘where ‘

. Qd

' Cr.b= o | | - WET cntenon in toxic units (TUs) ) ,

Cd = | o _waste dnscharge WET value in TUs the WLA

Qd = e _waste discharge flow in million gallons per day (MtSD) or cuble feet per

- . second (cfs)
d 'Cs ‘=' | _ baekground in-stream WET vatue in TUs abo\/e th‘e ooint'of discharge;
Qs = o baokgrou’nd in-stream ﬂov_v.above the boint of dtscharvge in MGD or ¢fs .
2-2 . S\teady—state. mass bala‘_nce equatioh

Use of this mass balance equatlon assumes that the dlscharge is through a diffuser- and achleves
‘complete mix across the width of the river or stream. [Note:. This language is.specific to rivers .
and streams; the steady state model can also be used for lakes/oceans where dilution.is a default -
value in a state's standards (for example, 10:1), orif a dllutxon factor can be calculated using other
steady-state models (such as PLUMES). 1 The steady-state mass balance equation reduces to: -
Cd = Cr(Qd +Qs)/Qd, when background tOXlClty is set to zero. Where mixing zones are not

- allowed, Cd becomes the appropnate WET criterion apphed at the end of-plpe Cd Cr.

: Dynamxc models use estimates of effluent variability and the vanablhty in receiving water
assimilation factors to develop WLAs in terms of concentration and variability. - Where
circumstances dictate dynamic models that estimate dilution or fate of pollutants are available
(see TSD, Chapter'4). The use of dynamic models may be a-more rigorous method for
calculatmg WLAs; however, they require large amounts of appropriate datal If these data are not
available, then dynamic models can calculate inaccurate water quality projections. EPA
recommends that dynamic models be used to derive WLAs where adequate receiving water
flow and efﬂuent concentratlons are avallable to estimate frequency distributions.

Statlstlcal Approach

Because effluent quahty varies, EPA recommends that the permitting authonty establish pemut
limits using a statistical derivation procedure, in conjunction with the WLA, to adequately
account for variability observed in the effluent. Using this statistical approach WLA values are
first translated into long term average (LTA) values, thus ensuring that WLAs are met under
critical conditions over the long-term.. For either smg.,le- or two-value steady-state WLAs, the.
most stringent LTA is then translated into an upper bound percent:le efﬂuent quality (e.g., 99th
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and 95th), and expressed as a maximum daily limit (VIDL) and average monthly limit (AML)
making these translatrons One must obtain values for

o Acute to chromc ratlo
® Effluent variability (coefﬁcxent of vanatlon)
® - Number of compliance monitoring samples required per month

To assist permit writers, Region 10 has developed a spreadsheet incorporating the statistical
procedures necessary to derive permits using the statistical approach. - (See Appendix B:
References, for information on ‘obtaining the spreadsheet.)- Maximum daily limitations (MDL) and
average monthly limitations (AML) required to meet the most limiting WLA are then calculated
using statistical procedures outlined in Appendix K. Chapter 5 of the TSD describes the
methodology in more detail. EPA has also included tables in the TSD to help pemut writers
determme the necessary values (TSD Tables 5-1 and 5-2). /

In cases where the efﬂuent receives no dilution (effluent dominated waters; EDWs). low dilution,
or where mixing zones are not allowed by state water quality standards, the chronic cntenon will
likely be more limiting than the acute criterion (provided that the ACR is greater than 6). The
chronic criterion, 1.0 TUc, means that there should be no observable effect on.test organisms at-
100% effluent. If the statistical approach outlined above and in Chapter 5 of the TSD is used to
derive a permit limit based on a criterion of 1.0 TUc where low or no dilution is available, the -
method would yield an average monthly limit of less than 1.0 TUc. Because a TUc value less
than 1.0 is meaningless (that is, NOEC is greater than 100% effluent), and an average monthly
limit of 1.0 TUc is not amenable to state water quality standards that allow comphance based on
multtple samples 1.0 TUc should be expressed asa monthly medlan

EPA recommends usmg 2.0 TUc as the maximum daily limit (thce the manthly medlan) Thls
approach is supported by the TSD in Chapter S. The MDL could also be calculated using the
statistical approach outlined in the TSD, however, where the average monthly limit (or monthly
median [imit) has been calculated to protect the chronic criterion, the purpose of the maximum
daily limit is to ensure that there are no catastrophlc smgle-event exceedances of the chronic
criterion.

The dxscharger may a.lways opt for a permit limit of 1.0 TUe asa monthly medlan llmxt and 2.0:
TUc as a daily maximum limit in lieu of limits calculated using the statistical approach outlined i m
the TSD. For example, the permittee may prefer meetmg 1.0 TUc asa monthly median. rather
than l 5 TUc as a monthly | average.

? . The “median” is the middle value in a distnbution, above which and below which lie an equal number
. of values. For example, if the results of WET testmg for a month were 1.5, 1 O and 1.0 TUc, the
médian value would be 1.0 TUc

2-8
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o Direct Ap'plication- of the W-LA A»p'proach

Another valid approach is to apply the WLA drrectly as a permlt limit, generally as- the maximum
daily limit (MDL). In the absence of additional mf‘ormatron permit writers typically divide the
MDL by 1.5 or 2.0 to derive an average monthly limit (AML)(see TSD, page 104). The factor of
1.5 or 2 0 can.be further reﬁned once additional mformatlon is obtained.

This approach is straxghtforward to 1mplement and requires minimal resources. Its primary
disadvantage is that the AML must be derived without information about effluent variability and-
the permitting authority cannot be certain that these procedures are protective of water quality
criteria. Limits derived using this approach may also be overly stringent. For example; if the
chronic' WLA is implemented directly as the MDL, the limit will be protectlve agamst acute and
chromc eﬁ'ects but at the expense of bemg overly stnngent

Other State Regulatlons

In addition to the above, a State may also have technology-based requirements for WET and/or
use a modified version of the WL A approaches outlined above. The State of Washington has
promulgated a regulation that specifies how WET limits are to be developed and expressed.
EPA-issued permits.in Washmgton (e.g., for federal facilities) need to consider this regulation - -
when developing WET permit limits and conditions. The State of Hawaii also has regulations 1 that
need to be consxdered when developmg WET permit limits.

EXPRESSION OF PERMIT LIMITS -

The NPDES regulatrons at-40 CFR Part 122. 45(d) requnre that all permit limits be expressed
unless impracticable, as both average monthly and maximum daily values for discharges other than
technology-based limits for POTWs. The maximum daily limit (MDL) is the highest allowable
discharge measured-during a calendar day or 24-hour period representing.a calendar day.. The
average weekly permit limit (AWL) is the hlghest allowable value for the average of daily
discharges obtained over a calendar week. The average monthly (AML) permit limit is the
hlghest allowable value for the average of darly drscharges obtained over a calendar month

Water quallty based effluent hmtts for WET ‘must be consnstent with State water quality standards
[or otherwise as the monthly or daily values using the steady-state statistical approach, or other
methods as prevrously discussed]. At minimum, EPA recommends that both acute and chronic
limits be expressed as a monthly limit (such as a monthly average) and-as a maximum daily limit.
In the case of EDWs, low dilution, or where State standards do not allow mlxmg zones, the
monthly limit should be expressed asa monthly medlan
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MIXING ZONES

The Regxons 9 and 10 endorse the use of mixing zones for whole effluent toxicity provuded use

. of mixing zones is authorized.in state watér quality standards. Permit [imits may be adJusted
based on dilution allowed under State water quality standards and regulanons [f mixing zones are
not allowed by State regulations for acute or chronic toxncnty then the appropnate cnterlon (acute
or chromc) must be apphed at the end ofthe plpe '

- WET CRITERIA

v Natxonal criteria for toxncxty have not been promulg,ated As stated earlier, Regxons 9 and 10 use
. the CCC of 1.0 TUc and CMC of 0.3 TUa as recommended by the TSD. The State of Alaska

. recently promulgated a water quahty standard for chronic toxicity of 1.0 TUc at the edge of a-
mixing zone (if a mixing zone is granted). If no mixing zone is allowed, then the 1:0 TUc must. be
met at end-of-pipe. The California Ocean Plan objective for chronic toxicity is 1.0 TUc at the
edge of the mixing zone. The other States in Regions 9 and 10 have a narrative criterion for
toxicity, that is, a cntenon equivalent to * no toxics in tOXlC amounts " :

‘The factor of 0.3 in the CMC is used to adjust the typlcal LC50 point estlmate (50 percent
mortallty) from an acute toxicity test to an LC1 value (virtually no mortality). As discussed on -

- page 35 of the TSD, the factor of 0.3 was found to include 91 percent of observed LC1 to LCS0
ratios in 496 effluent toxicity tests. This value poses a difficulty for discharges where dilution‘is-
less than 3:1. The difficulty arises because where there is no dilution, 0.3 TUa requires measuring
an LCSO of greater than 300% effluent, which-is impossible. Asa result, whenever there is a
dilution ratio of less than approximately three parts receiving water to one part effluent, the
resuiting WLA will be lower than the minimum level of acute toxicity. that the test can measure.

* For this reason, EPA makes the following recommendation: Where less than 3:1 dilution is
avallable, the acute WET limit should be no significant dlfference from the control at 100 -
percent effluent (a t-test), applied as a monthly medlan of pass-l'all tests, where allowed by
state water quahty standards.

The following table summarizes the WET criteria for the States in Regions 9 and 10.

9
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TABLE 2-1. STATE WHOLE EFFLUENT TOXICITY wQC

ST-ATE.'

R CITA’TIO_N j

WET WATER QUALITY CRITERION

) .. ‘Alaska.‘ '

18 AAC 70023

18 AAC-70.032

| of the mixing zone boundary, based on
“minimum initial dilution, if a mxxmg zone is
| approved by the State. '

The dlscharge shall meet 1.0 chronic toxic
unit at the point of discharge, or at the edge -

Acute aquatic life criteria apply at and
beyond the boundaries of a smaller initial

Arizona.

| R 18-11-101, 108

_| zone surrounding the outfall.

" pollutants in amounts or combinations that:
are toxic to humans, animals, plants or other

"Navigable waters shéll‘be free. frdm '

oroamsms

California -

CA O¢ean Plan and set

by individual basin plan-

for enclosed bays,

- estuaries and inland

waters

vvbased .oninitial dllutlon ifa mlxmg zone is

| toxic substances in concentrations that are
lethal to or that produce other detrimental -
| responses in aquatic organisms.

Ocean Plan: The discharge-shall’mee»t 1.0
chronic toxié unit at the point of discharge,
or at the edge of the mixing zone boundary,

approved by the State.
All waters shall be maintained free of

‘Hawaii

Hl AR Part 11- 54 04
10 :

in concentratlons which exceed the test

"All state waters sﬁall be free from pollutants

methods listed in section 11-54-04." - I
"All state waters shall be free from pollutants | -
in concentrations which exceed the test

methods listed in section 11-54-10."
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TABLE 2-1.. STATE WHOLE EFFLU EVT TO‘(ICITY WQC (cont d)

STATEf

CITATION

WET WATER QUALITY CRITERION

Idaho

IDAPA 16 0l. 02200
01,02, 03

'Hazardous Matenal Surface waters of the state
shall be free from hazardous matenals in
concentrations-found to be of public health
ygmf'cance or to lmpanr desngnated beneficial
uses..

"TOXIC Substances. Surface waters ofthe state
shall be free from toxic substances In,
concentrations that i impair desngnated
beneficial uses..

"Deleterious Matenals Surface waters of the
state shall be free from deleterious materials in
concentrations that 1mpa1r designated
beneficial uses..

Nevada

NAC 445.108, 119

"Toxic matenals" means any polluta.nt or .
combination of pollutants which will, on the basis
of information available to-the admlmstrator
cause an organism or its

offspring to die or suffer any: dlsease cancer. etc:

if that pollutant or combination of pollutants is .
discharged, and exposed to or assnmnlated by the'
organism, whether directly from the environment
or indirectly through food chains. Tox1c1ty test
methods are specxﬁed

Oregon

set by individual basin |
plans; OAR 340-41-xxx

(4)(b)(A)(i)--acute

(4)(b)(B)(i)--chronic

'ﬂ

"The water within the mixing zone shall be free
of: Materials that will cause acute toxicity to
aquatic life as measured by a Department .
approved bloassay method "

"The water outsxde the boundary of the nuxmg
zone shall be: Be free of materials in
concentrations that will cause chromc
(sublethal) toxicity."

2-12
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STATE

CITATION

WET WATER QUALITY CRITERION

Washington

section 173-201A- 040
Toxic substances

(1) Toxic substances shall not be introduced
above natural background levels in waters of the -
state' which have the potential either singularly or -
cumulatively to adversely affect characteristic
water uses, cause acute or chronic toxicity to the
most sensitive biota dependent upon those waters,
or adversely affect public health as determmed by
the department !

American
Samoa

Am Samoa WQS Part
24.0207(a)(4)(8)

All effluents containing matenals attnbutable to
the activities of man shall be considered harmful
and not permissible until acceptable bioassay tests
have shown otherwnse Toxtcxty test methods are
specified.

Guam

Guam WQS Part II A
B.12

In order to provxde maximum protectxon for the -
propagation of fish and wildlife, concentrations of
toxic substances: (a) shall not exceed 5 percent of
the 96 hour LC50 at any time or place, nor should
the 24 hour average concentratlon exceed 1
percent of the LC50. Toxxcny test methods are
specxﬁed

‘Palau

24 PNC Part 3

All waters shall be maintained free of toxic
substances in concentrations that are toxic to or
that produce detrimental physiological responses:
in human, plant, animal, or aquatic hfe Toxicity
test methods are sgcxﬁed

SMALL SYSTEMS CONSIDERATIONS

Generally, two special factors should be considered by the permitting authority when establishing -
WET requirements--the permittee's previous efforts at toxics control, and the limited resources of
small communities.- Previous efforts at toxics control may include ongoing public information
campaigns that communities have implemented, such as remmdmg people not to dump household
hazardous waste in drains; or any source or waste minimization studies conducted by the
permittee. The permitting authority should also be aware that smaller systems may not be able to
afford extensive monitoring requu'ements For jurisdictions wnth small populatlons but are also

9
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listed as "major facxlmes (commonly found in Alaska). EPA recommends a minimum of 4°

- quarterly tests. If necessary, the permitting authority may conS|der allowmg the mumcxpahty to

spread this out over four years, w1th the tests conducted.in a different season each year. For small
municipalities not designated as "majors", EPA recommends that at least one suite of tests be
conducted dunng the permlt hfetxme pnor to retssuance in order to assess reasonable potentlal

: '.CI-[RONIC AND ACUTE TOXICITY TESTING

The ﬁrst decxslon fora perrmt writer to make in selectmg the appropnate toxncnty tests is whether
to measure acute or chronic effects, as dlscussed earlier in this chapter. The next questlon to
answer is whether to test with freshwater or marine species. Once that decision has been made,
_ the followmg parameters should be considered when selecting the appropriate test species:

\ taxonomlc dwersxty, type of facnhty and tox1cants and seasonal and temporal eﬁ'ects

| 'Ifoxicity Test Methods
 Chronic Test Methods S

" Achronic toxicity test is defined as a long-term test in which sublethal etfects, such as
fertilization, growth or reproduction, are usually measured in addition to lethality. Traditionally.
chronic tests are full life-cycle tests or shortened tests (approxlmately 30 days) known as an early
life stage test. Measuring the chronic toxicity of effluents is difficult because of the potential for
effluent toxicity to change over time. Thus, even a shortenéd chronic early life stage test’

- ‘conducted in one month would have to be repeated at intervals to ensure that process or recewmg
water changes were not altering effluent toxicity in ambient waters. In addition, toxicity spikes
occurring during any one pomon of a 30 day test could produce a different level of toxic response
than an identical spike occurring during a different week of the test: The duration of chronic
toxicity tests precludes the use of a single effluent sample due to probable reduction in toxicity
with storage and would require extensive logistical arrangements for sampling and handling of -
effluent. Finally, the cost of longer chromc tests would limit the feasnbthty of testmg programs of
adequate test frequency

\\»-«4,,*

Asa result of such consxderatxons EPA has developed a suite of shorter tOXlClty tests (short-term
chronic tests) that tend to detect toxicity at chemical concentrations near those that produce
chronic toxicity in longer term tests. The short-term chromc tests were developed and selected
based on characteristics such as sensitive specxes sensmve Infe-stages and endpomts taxonomxc

Major facilities, for POTWs, are'detined as lacilities having design tlows of greater than or equal to 1
A ‘ MGD and smaller facilities exhibiting certain environmentally sensitive characteristics, including
effluent toxicity. For non- -POTWs, ma|ors are defined as having a rating of 85 or more points based
on an EPA classification system. ‘

(e
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- and ecological diversity, short duration, availability of organisms for testing; and low .volume

requirements for test solutions. These resulting tests have typical durations of 40' minutes to 7
days, enabling tests to be run w1th effluent or recelvmg water samples at lower costs and -

incréased test f‘requency

Acute Tests '

- Acute toxicity tests are used to determine the concentration of effluent orambient water that

produces an adverse effect on a group of test organisms during either a 24, 48 or 96 hour
exposure. The endpoint measured i is lethality. In an acute toxicity test, an effluent sample is
collected, diluted, and placed in test chambers with the chosen test species. After 24, 48 or 96 .

hours, the number. of live orgamsms remaining in each test concentratton and in a control is
recorded. ) o ‘ -

Another aspect to consrder for acute testmg is whether the permrttee is currently conductmg a -
“chronic toxicity test which also includes a survival endpomt such as the Pimephales promelas
- 7-day growth and survival test. In this situation, compliance with acute and chronic: requlrements

can be jointly evaluated; the chronic toxicity at the end of the 7-day test and acute toxicity at-

~ either 48 or 96 hours into the7-day test. Also known as a “dual endpoint” test, this is an effective-
- use of both time and financial resources. The marine chronic test' methods that could be evaluated

for. both acute and chronic requirements are the topsmelt, the silverside; the Pacific mysid and the
Atlantic mysid. The chronic water flea test method, Ceriodaphnia dubia, cannot be analyzed for
both acute and chronic requirements because the test design is not-amenable to calculatron of a
lethal concentration (LCSO) value as needed for the acute requrrement

Freshwater or Marine Test Methods

The decision of whether to use freshwater or marine or estuarine test methods is based on the
salinity of the recervmg water Asa general rule, EPA recommends the. followmg [TSD, Chap
336] '

I - Freshwater orgamsms be used when the receiving water saltmty is less than l 000 mg/L
( ]%o)

2. Marine orgamsms be used when the recervmg., water sahmty equals or exceeds 1, 000 mg/L
( l o/oo) ‘ ! N -

Salme Efﬂuent Dlscharged to Saltwate

The drssolved salts in the effluent are possnble pollutants. These salts may.or may not be the same
as those present in the receiving water. The proportion of dissolved salts in the effluent may be

2-15



DEVELOPING WET PERMIT CONDITIONS . L 1 T

e

dlfferent from that of the dlssolved salts in the recelvmg water The tomcrty test should determme |
if these salts contribute to ambient toxicity: For thls reason, marme organisms are the preferred
‘ test specles. ~

i

. Saline Eﬁluent Discharged to Freshwater -

The dlssolved salts in the efﬂuent are possnble pollutants that are not- present in the receiving
water. The toxxclty test should determine whether the dissolved salts are contributing to amblent |
toxrclty For thxs reason, freshwater orgamsms are the preferred test spec:es '

§ |
Freshwater Effluent Dlscharged to Saltwate

The lack of dissolved salts in the effluent can cause a toxic effect i m the marine toxlcxty test

organisms. In contrast to the scenarios presented-above, the tox1c1ty test does not need to IR
- measure this effect as lack of salts is not & pollutant. The marine toxicity test methods account for-
 this by requiring the salmtty of the effluent be adjusted to approximate the salinity of the recelvmg
water. For this reason, marine orgamsms are the preferred test specles :

Eﬁ'IUent salinity may be lower than that tdlerated by the test speciés (see marine test method }
tables). Salinity adjustment is necessary when effluent concentrations to be tested are high enough ;
'to reduce test solution salinity below the acceptable range such as 34 + 2%o as specified in the test
‘method. To maintain acceptable salinity, these higher test concentrations of effluent must be -

~ adjusted by adding hypersaline brine or artificial sea salts as specified-in the toxicity manual. The

toxicity testing laboratory should refer to the section on hypersaline brme in the chromc marme

tox1c1ty test methods

Sometlmes ‘marine test specnes such as mvertebrates and plants may not be appropnate for testlng

at high. effluent concentrations such as 100% effluent. For example, if the effluent salinity is 0%o

-and hypersaline brine salinity is 100%, then 66% effluent is the highest concehtration that can be .
tested for tests with a test salinity requlrement of 34%e (Table 2-2). Therefore, a freshwater
organism must be used if the permit limit or trigger is greater than. the hlghest effluent
concentration that can be tested. However, the marine fish test methods, Menidia and

.- Atherinops can be tested up to 100% effluent, because these species can tolerate a broader salinity.
range from 5-36%o. These fish species can be used for freshwater discharges.to saltwater at

100% eﬁluent - : _ : -

Even though the greatest dlﬁ‘erences in chemtcal characterlstrcs of surface waters are those
between.seawater and ﬁ'eshwater there are not necessarily great differences in toxicity of
pollutants. Marine organisms are similar in tolerance to freshwater counterparts when both are
tested in their own enwronments [Aquatlc Toxrcology, p- 144]

(8]
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’

TABLE 2-2 Max1mum efﬂuent concentratlon (%) that can be tested at 34%o without the
addition of dry.salts glven the indicated effluent and brine, salinities.

Effluent Brine Brine - Brine Brine - Brine

Salinity %o 60 | 70 80 9% 100
%o %0 %0 : %0 %o

0 - 43.33 - 5143 5750 . .| .62.22. 66.00
! : 44.07 - 52.17 - 58.23 - 62.92 - 6667 | . T
2 4483 52.94 5897 | 63.64 67.35
3 - 45.61 ' 53.73 59.74 64.37 68.04
4
5

46.43 . 54.55 60.53 65.12 68.75
47.27 55.38 - 61.33 .65.88. . 69.47
10 52.00 60.00 65.71 . 70.00 73.33
15 . - 5778 | 6545 - 7077 - 74.67 . 77.65.
20 - 65.00 72.00 - 76.67 80.00 . 82.50
25 74.29 80.00 83.64 86.15 88.00
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Factors to Consider When Selecting Test Species -

The permitting authority should select the appropriate species to be tested based on taxonomic,
diversity; type of facility, types of potential toxicants and effluent seasonal and temporal effects.
In'addition, the permitting authority should evaluate any existing toxicity data provided by the ‘
permittee. Flgure 2-1 shows the dec1sron tree to be used when selecting specres for toxtcrty
testmg , - - R R >

Taxonomic \DiverSity

In the selectlon of test species, EPA recommends the use of species l'rom ecologrcally dwerse '
taxa [TSD, Chap. 3.3.3]. The recommendation is to screen an effluent with at least three species (

a fish, an mvertebrate and-a plant) for chronic testing and two species (a fi sh and an mvertebrate)

for acute testing. This recommendation is based upon the.fact that there are species sensitivity =
differences among different groups of organisms to different toxicants. . For instance, some mysids -
may be more sensitive to pesticides than fish [Aquatrc Toxicology, p. 129]: The initial multiple
species screening should be conducted at least three times before: selectmg the most sensitive
specres There are no acute test methods with plants -

Mmr”

After thlS screemng penod momtormg should be conducted on the most sensitive test specres

- (e.g., the species demonstrating the lowest NOEC or IC25 value). The permittee shall also s
re-screen once every year with three species (or two species for acute testing). If the same test

species is the most sensitive, then the permittee shall continue to monitor with this test species. It

is important to consider re-screening at a different time each year to evaluate effects of potentnally
different toxxcants at different times of the year (for example pesticide’ runol’f season)

Species selectron for freshwater specxes is stralg,httorward since there are only one plant, one ﬁsh
and one invertebrate species from which to select (Table 2-3). However the marine tests listed in
Table 2-5 have four invertebrates from which to select. Factors that may be considered in
selectmg a marine invertebrate are the types of organisms found at the dtscharge location, types of
toxicants drscharged by the facility and the relative sensmvrty of the test organisms.to known
toxicants in the discharge. If the discharge is located near the mtemdal zone, then an intertidal test
species may be important (e.g., red-abalone or bivalves). If the pollutants will be discharged near a
kelp forest where mysids are commonly located the mysrd test method ‘may be more approprlate
Issues to address when evaluatmg test results with multlple species mclude unacceptable test’
results (e.g., failed test acceptability criteria (TAC)) or two or more species demonstrate the same
NOEC results. If a test fails the required TAC, the permitting ‘authority. should evaluate whether
or not it is necessary for a permittee to perform an additional month of screening. For example, if
the species with failed’ TAC is a species that has demonstrated higher NOECs with the effluent
(based on prior data pomts) than the two species with acceptable test resulits, there may be limited
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value in having a’ permlttee re-screen another month. If two or more species are equally sensitive -
with several testing events, the type of facility, potential toxxcants and seasonal impacts should be
~ considered when selectmg the most. appropnate test species for momtonng

~
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TABLE 2-3 CHRONIC FRESHWATER TEST METHODS |Short- Term Methods for Estnmatmg the Chromc Toxncnty of

Effluents and Recewmg Water to Freshwater Orgamsms, EPA/600/4 91-002]

capr icor "ll’llm

non-renewal

SPECIES ' _> TEST TYPE 'TOXICANTS TEST EN DPOINT
Fish ,Fath'eadjminnow,’ ‘ 7-day renewal test 'surfactams ammoma | growth and survival )
5 1 Pimephales promelas ' ; L 8 ' '
Invertebrate Water flea, Cerlodaphma 7-day renewal test pcs[jcidcé,_ sur‘faét-an\t's ] reprqduc'tion'and',
T dubia o L o survival
Plant vGreen alga .Selenaslrum | 96-hour - ' métais; herbicides | growth

ok

Including, but not‘).limited to

2
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: iTABLE 2-4A. CHRONIC WEST COAST MARlNE TEST METHODS [Short- Term Melhods for Esumalmg the Chromc

Toxlclty of Emuems and Recelvmg Waters to West Coast Marine and Esluarme Orgamsms, EPA/600/R-

95/136]
S TOXICANTS | SALINITY RANGE
SPECIES - o (including but OF EFFLUENT _
S | TESTTYPE. not limited to) DILUT'lON_S ’ 'TEST ENDPOINT_ -

Fish - Topsmélt, Atherinops 7-day renewal | ammonia 10-36%0 . growlh and surv:val

affinis - 5 ' ' :
Invertebrate .Red_abalone,HdliOniy' 48-hour non- | metals - 1 32-36% - | larval development

' rufescens renewal _ - o

'MusSéls, Mytilus spp., 484hour non- - | metals .'28-32%0 ' Jlarval development

oyster, Crassostrea gigas | renewal | o ' ‘

Purple urchin, 148-.hoi1r éhlotine _32-'36%0 ’ larval devel()pmem

Strongylocentrotus _non-renewal \ ‘ . o

purpuratus and Sand dollar,

| Dendraster excentricus ‘ |
| Purple urchin, <1-hour | chiorine 32-36%0 fertilization

- Strongylocentrotus | mon-renewal - - |- ' -

purpuratus and Sand - ’ -

dollar, Dendraster

excentncus ‘

Mysid, Holmesimysis 7-day renewal ' metals, . 32-36%0; growth and survivél*
. costata_- _ : insecticides L ’ i -
Plant Giant kelp, Macrocystis ) 48-hour metals, | 32-36%0 germ-tube length and ||

o pynjera | non-renewal herbicides ‘ o | _germination
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o TABLE 2-4B CHRON]C EAST COAST MARINE TEST METHODS IShort-Term Methods for Estlmatmg the Chromc
_ Toxnclty of Efﬂuents and Recelvmg Water to Marine and Estuarme Orgamsms, EPA/600/4-9] 003]

Note These test specles and methods are only to be used: when the west coast specnes list i in Table 2 A are not
avatlable and with approval from the perrmttmg authonty

"'SALINITY
'RANGE OF co
N N : - | EFFLUENT ‘TEST :
"SPECIES ~~ = _ TEST TYPE TOXICANTS . 'DILUTI(')NS | ENDPOINT
Fish | Inland silverside, } 7-day ' surtactants ammonlav 5-36%0 - | growth and
R Menidia beryllina renewal - : o | survival L
\Inyet’tebrate Atlantic mysid, = | 7-day’ | metals ol is3e% | growth, fecundity -
' | Mysidopsis bahia - | renewal - L | 3 < | and survival -

[

*  Including, but not limited to
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TABLE 2-5.

ACUTE TEST ’V[ETHODS [Methods for Measurmg the Acute- Toxlclty of
Effluents and Recenvmg Waters to Freshwater and Marine Orgamsms,
- EPA/600/4-90-027F] .
= TOXICANT. |
RECEIVING (including, | - o
WATER S | butnot” SALINITY RANGE OF
v TYPE- SPECIES .limited to) | EFFLUENT DILUTIONS
Fish ‘ - Freshwater | "Fathead mihn.ow, kammoniéf 1 6%o ‘
S o | Pimephales - - :
promelas
| Freshwater - | Rainbow trout,” .| ammonia 1-2%0
' _ Oncorhynchus | :
" mykiss
Marine | Silverside, | ammonia - ~ 1-36%o Note: Canbe used
' ‘ Menidia beryllina & | for end of pipe testing, if the
efﬂuent is > 5%o
Marine | v"_l"opsmelt,' | ammonia 5-36% Note: Can be used
B Atherinops affinis o for end of pipe testing, lf the
o | eﬁluentlszS%o :
| Invéﬁebrate | Freshwater 'Water flea, pe’sticides 1-3%o0 -
' Ceriodaphnia - ‘
‘dubia
] chshwﬁter ‘ _Water flea, . | pesticides - | 1-6%
o Daphnia pulex - "
and Daphnia ,
magna
Marine Atlénfic_mysid, metals - 15-36%0
‘| Mysidopsis bahia ‘ '
| Marine Pacific mysid, | metals, ' . 32-36%0‘ ‘
Holmesimysis- | insecticides
- cosiata : s .
NOTE: Any of these tést methods can be used as eithe-r static,noh—renewal' or static renewal tests

with test durations of 24, 48, or'96 hours. Lethality is the only endpoint.

2-24
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the acute toxxcxty test: methods manual the manual contains the supplemental list of acute
- toxicity test species. This list specifies the test temperature; salinity for marine species and
- life stage to.be tested. For example. the topsmelt is included as an alternate species in this
list, with the temperature, salinity range, and life stage to be tested. Tests with these species
- should be conducted using the same protocol as for the sxlversrde except for the parameters
.of t test temperature salinity and life stage. \ )

Approved Test Methods '

EPA has recently added new acute and chronic btologtcal testmg methods to the list oF approved
and standardized analytxcal methods for testing wastewater pollutants. This was published in the
Federal Regxster as a final amendment to the 40 CFR Part 136 analytical methods. This rule’
became effective on November 15, 1995 For chronic toxicity testing methods this rule only
mcludes protocols for east coast martne and estuarme orgamsms : '

The approved chromc methods are detailed in EPA/600/4 91/002 for freshwater and EPA/600/4-
~-91/003 for estuarine and marine species. The approved acute methods are detailed in' EPA/600/4-
90/027F. These species selécted by EPA for effluent testing in the NPDES program represent a

performance standard” or indicator of sensitivity to toxicity for a ngen phylogenetic category -
They do not necessanly represent mdlg,enous specres _ v

N

EPA has stayed the 'eﬁ'ecnveness of the rule as it applles to measurements of chronic toxicity of

- discharges to west coast marine waters. In order to minimize disruption in the administration of
existing, approved NPDES permit programs that include west coast spec1es, permitting

authorities in the west coast states may use the west coast marine species. As stated in Part ,
136.3, Regions 9 and 10 permitting authorities may use other approved methods for dlscharges to
marine or estuarine waterbodies. Regrons 9 and 10 may cite in NPDES permits the use of
standardized west coast marine test species, instead of the east coast test species. EPA has : f
prepared a west coast marine test methods manual [EPA/600/R-95/ 136] for dtscharges into

Pacific Ocean waters

The test methods standardized in this rule replaced unapproved test methods for NPDES permits
issued after November 15, 1995, the effective date of this rule. Existing NPDES permits will not
be re-opened to include test methods from this rule. However, the NPDES permittee may request
that the pemuttmg authonty replace existing methods w1th the newly promulgated methods or
the west coast chronic marine methods. -~ S S o ‘

Pnor to the development of the west coast method manual, many permits may include the use of
two east coast species, Myszdops:s bahia and Menidia beryllina. When-these permits are
reissued, EPA recommends the use of the standardized west coast marine species -
[EPA/600/R-95/136] for discharges in Pacific Ocean water. For example, Holmesimysis
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costata is recommended mstead of Mywa’opws bahia for marine waters. Also Athermops ajf Inis is
?recommended mstead of Menidia beryllma for marine waters s

During the pertod of transmon from the use of east coast to west coast specnes it may not always '
be possible to obtain the requnred test orgamsms Currently, the regions are aware of several
topsmelt suppliers. However, in situations ‘when topsmelt larvae or Pacific mysid juveniles are not
available, the permittee may use the species listed in Table 2-4A for that particular testing period.
~ For example if a permittee has a limit with Atherinops affinis, and there-are no topsmelt larvae
-available from at least two different supphers then the permittee would test with Menidia .
beryllina w1th approval ﬁ-om the permlttmg authonty for that pamcular testing event:

Tyge of F acxhty

Itis important to consider the type of toxicants that may be discheirged from a facility and which
 species would be appropriate for the such toxicants. For example, if a facxhty is discharging waste ...
that primarily consists of herbicides, a plant test method may be more appropriate. Certain

species have been found to be sénsitive to certain toxicants. Invertebrates are more sensitive to

- organophosphate pesticides (e.g., diazinon) than fish. Fish are rpore sensitive to ammonia than
invertebrates. In situations where multiple species screening is not practical (such as ambient -

~ toxicity testing programsy it may be appropnate to test with the specxes w1th known sensmwty to

. the toxicants of concern. :

Seasonal and Tempora_l Effects

It may be necessary to consider possible seasonal or temporal changes in the effluent when
-selecting the appropriate testing species. For example, pesticides may be of concern after spring
- runoff and typically invertebrates such as water fleas or mysids are more sensitive. . -

" TESTING FREQUENCY
zﬂoﬂ‘sﬁmifﬁf::ny ':: : d and The primary reasons for WET monitoring areto: L

- cost. All toxic effects testing and 1) getermine whether or not WET limits aré needed and-
exposure assessment : 2) determine compliance with permlt condmons and/or llmltahons
parameters, for both mdnvndual o .

chemicals and effluent toxicity,
are associated with some degree
of uncertamty The more limited
the amount of test data, the larger the statistical uncertamty The uncertamty of an eﬁ'luent'

impact on receiving water quality is minimized where the following are available: -

2-3 Purposes for WET momtonng
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1) a complete database on the el’fects ofacute and chromc tox1c:1ty on at least elght dlfferent
indigenous species,

2). . a clear understandmg of ecosystem specres composmon and ﬁmctlonal processes and

3 actual measured exposure concentratlons for all chemrcals durmg seasonal changes and
dllutlon srtuatlons

While: the uncertainty associated with such an ideal situation would be minimal, the cost to
generate these data could be prohxbmve to the dlscharger and to the permitting authonty

An example of uncertamty associated with llmlted momtormg data occurs when only one piece of
effluent datais avallable (e.g., NOEC = 30%) for a facility. Effluent variability, based on the data
in-the TSD, could range from 20 to more than 100 percent. Wlth only one data point available, it
is impossible to determine where in this range the effluent vanablhty really falls. To be protectrve
EPA recommends assummg that vanablllty is at the-high end of this range. Collection of
additional data will, in most cases, result in a less conservatlve assumptlon regardmg eﬁluent
vanablllty

Momtormg Frequency for Reasonable Potential Determinations

Tables 3-1 and 3-2 of the TSD show reasonable potential multiplying factors based on the number
of samples and the effluent coefficient of variation (CV). At the default CV 0f 0.6 and a -
probability basis of 99 percent (Table 3-1in the TSD), the multiplying factor is 13.2. with only one
sample. With four samples, the factor decreases to 4.7. The fact sheet should emphasize that the
more data gathered will reduce the reasonable potential factor possrbly reducmg the llkehhood
that WET efﬂuent limits mtght be needed.

Momtormg Frequency for Permlt Comphanc_e

There is.no fixed guidance on establishment of monitoring frequency.  As-a result; the decision on
the monitoring frequency is case-specxﬁc and needs to consider a number of factors including
those listed below
{

. Envu'onmental sngmﬁcance and nature of the pollutant or pollutant parameter

. Cost of monitoring relative to the dlscharger s capabilities and beneﬁt obtamed

«  Compliance history

« ° Effluent variability

« Number of monthly samples used in developmg the permlt ‘limit
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EPA has observed that lO or more samples per month provxdes adequate statistical likelihood that -
the average of monthly values will approach the true monthly long term average (LTA) value.
EPA recognizes that the logistics of obtaining ten toxicity tests in a month would be difficult and
extremely costly. Therefore, where WET effluent limits are required, EPA Regions 9 And 10
* - recommend the following testmg frequency for the first year' monthly for majors, and -
quarterly for mlnors - : :

‘ The rationale for thlS is that majors, gtven such factors as type size and vanablhty of the
discharge, and receiving waters discharged into, are generally expected to cause more recemng
water impacts than minors. However, a group of minors clustered together could have the same
-effect as:a major. When establishing monitoring frequency for a given facility, the perrmt writer
should consider all avarlable information, and not rely only upon the “major or “minor” '
classxﬁcatlon '

-~ In'some cases, the available ef’ﬂuent data may not actually project an excursion above the acute or - -~
chronic toxicity criterion, but may be close to the criterion. Under these conditions, EPA
recommends that toxicity tests be repeated at a mmlmum of quarterly for majors and. annually for
‘minors. [f no'reasonable potential exists for excursions above the acute or chronic toxxcxty

'crrtenon EPA recommends that the toxicity tests be repeated at least once before permit -
reissuance, especially if there have been any significant changes at the facility. Where these -
recommended frequencies are not followed the fact sheet should explam why some other

frequency was proposed '

‘Testing frequency may be reduced based on the results of one year s worth of testing, where no
previous data are available. EPA recommends that frequency be reduced if no individual toxicity
test results in & value greater than the WET limit or trigger divided by the reasonable potential .
factor. The reasonable potential factor, from Table 3-1 of the TSD, is based on the number of
samples and CV. - The reasonable potentlal factor decreases with increased number of samples. If
WET limits are required; though, the minimum momtonng frequency allowed by the regulatlons
at 40 CFR 122 44(1)(2) is annual

In addition, the frequency of testing may be adjusted in accordance with historical monitoring data
for a particular discharge. Generally, monitoring data covering a period of two years with multiple
tests for each year should be required before reducing the recommended monitoring frequencies
prior to permiit issuance. If the data have met TAC and data-are within the permit limit or
monitoring requlrement as described above, then the permtttmg authority may consider a less
frequent testing frequency. The frequency of mulnple species testing may be reduced if the
effluent testing demonstrates no toxicity with multiple species testing covering potential temporal -
and spatial toxicants. However, if there are any.facility changes which potentially alter effluent
toxicity or addition of new chemicals, then the facility will have to re-screen wnth multtple specxes
or demonstrate a contmued lack of toxicity wnh these changes

. S S 2-28
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As discussed earlier under * Small Systems Consrderatlons the permit wrrter should factor in the

small commumtles limited resources as well as other mformatlon when establlshmg monitoring
- frequency Finally, permitting authorities may want to reduce the efﬂuent monltormg frequency in_
return for increased- ambxent momtormg,

SA.I.LE COLLECTIO\I

Eﬂluent samples should be collected as' elther 24-hour composrte or grab samples The most.
frequently used samipling is the 24-hour composite. The decision on whether to collect grab or.
composite samples is based on the objectlves of the test and an-understanding of the short and
long-term operations and schedules of the discharger. If the effluent quality varies considerably -
with time, which can occur where holding times within the tréatment facility are short, grab
samples may be preferable because of the ease of collection and the potential of observing peaks
(spikes) in toxicity. Grab samples may need to be used for stormwater testing and power plants.
However, the sampling duration of a grab sample is 5o short that full characterization of an
effluent over a 24-hour period would require a prohlbmve number of separate samples and tests.
Grab samplesare also appropnate where the eﬁluent vanes little wrth time (for instance, long
holdmg trmes)

Composrte samples (for example ﬂow-proportronal or timed composnes) should be collected
using an iced or refrigerated collection device. Effluent samples must be.maintained at 4 2 °C
from collection until utilized in the toxicity testing procedure. The single allowable exception is
when a grab sample is collected and delivered to the performing laboratory for test initiation no
later than 4 hours followmg the time of collectlon ‘All other samples must be received by the
laboratory at a temperature at 4 °C or the sample should be considered invalid. See the Handbook -
for Sampling.and Sample Preservation of Water and Wastewater, EPA/660/4:82/029, Table 2.5
for a discussion of the advantages and disadvantages of composite methods, as well asa
discussion of samplmg techmques and equrpment consrderatrons

The maximum elapsed trme between the collectron of a sample and its first use is 36 hours for
offsite testmg . The composite sample begins at time zero when the last composite in a 24- hour
composite is collected. EPA believes that 36 hours is adequate time to deliver the sample to the
laboratory performing the test in most cases. In the isolated cases, where the permittee can
document that this delivery tirhe cannot be met, the permitting authority can allow an option for.,-
an extension of shipped sample holding time such as for overseas shipping. The request for a
variance in sample holding time must include supporting data which show that the toxicity of the
effluent sample is not reduced (e:g., because of volatilization and/or sorption of | toxics on the
sample container surfaces) by extendmg the holdmg, time’ beyond 36 hours

The samplmg site should be located below the last waste treatment process, mcludmg drsmfectlon
There may be no removal of chlonne or any other efﬂuent constituent by either chemrcal or
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physrcal methods prior to testing wrthout approval from the permxttmg authonty The collection

" container should be filled wrth no headspace and closed nmmedlately to minimize loss of volatrles

SELECTION OF DILUTION WATER

The use of drlutron water is an lmporta‘nt pa'rt of toxicity testing. Dilution water 'm'ay be either
standard laboratory water and/or receiving water. The type of dilution water used i in eﬁluent
toxicity tests will depend largely on the objectives of the test. These objectives are

(b If the ObjeCthC of the test is to estimate the absolute acute-or chronic toxicity of the

effluent; which is the primary objective of NPDES. permit-related toxicity testrng,
standard laboratory dllutron water as deﬂned in each test method is used

(2) If the objectrve of the test is to estimate the toxrcrty of the eﬁluent in uncontammated

receiving water, the test may be conducted using dilution water consisting of a single grab

sample of receiving water (if non- toxic), collected either upstream and outside the

“influence of the outfall, or with other uncontammated natural water (ground or surface) or

standard dilution water havmg approxnmately the same: charactenstrcs (hardness and/or }

salmlty)astherecelvmgwater e : : R

(3) lf the objective of the test is to determine the additive or mitigatin'g effects of the

,dischargeon already contaminated receiving water, the test is performed using dilution
water consisting of receiving water, dilution water collected 1mmed|ately upstream or
outside the influence of the outfa]l : :

In Regron 10, the United States Fish and Wlldhfe Servnce (USFWS) frequently requests that

receiving water be used for dilution- water. As stated above, recelvmg water can be an acceptable
dllutlon water, as long as the controls meet all the TAC (TAC)

Note: If the test organisms have cultured in water which is different from the-test dllutlon water,
a second set of controls, using. culture water should be included in the test

Freshwater Tests

The followmg are circumstances when using recelvmg, water as the dilution water may not. be.
allowed o S l -

l. . Where the toxicity tests are. conducted on etﬂuent dlscharges to recexvmg waters that are
classrﬁed as intermittent streams, or where there is no recetvmg water avallable due to
zero flow condmons the permittee shall
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- (a) - Substitute a synthetic: dllutton water that has apH, hardness, and alkaltmty similar '
© . . tothat of the. closest downstream perennlal water unaffected by the dlscharge or
- (b) - utilize the closest downstream perenmal water unaﬁected by the dtscharge
If the recetvmg water is unsatlstactory asa result of pre-existing, instream toxrcrty (e.g.,
dilution controls fail the required TAC), the permittee may substitute synthetic dilution
water for receiving water in all subsequent tests prowded the unacceptable recetvmg water :
test meets the followmg sttpulatlons
/(a)_ Cn addmon to the receiving water control, a synthettc laboratory water control was.
' -performed which fulfills the TAC; :
If 1he test using receiving water met the TAC then its results are reported If the -
receiving water has an unacceptable control _response, then the results from the '
laboratory water are reported (provided these results meet TAC). A footnote to
the DMR should indicate which source of dilution: water was used for the reported
test results : :
(b) . the test mdlcatmg recetvmg water toxtcnty was carried out'to completton of the test . }

duration (e.g., 7 days)

¥

(¢) the permxttee submtts all test results mdtcatmg receiving water toxncxty wnth the
testmg reports. , ‘

The permittee may substttute other approprlate dllutlon water with chemical and physical
charactenstlcs similar to that of the receiving water upon approval by the perrmttmg authonty

In estuarine or marine testing; a concentrated brme solutton ora synthettc sea salt may be used-
with the dilution water to achieve the requtred salinity for the test method In that case, a bnne
control is requxred

!

Marme and Estuarine Tests : R

If the receiving water is unsattsfactory asa result of ambtent toxicity (i.e., dxlutton controls fall the
requlred TAC) the perrmttee should proceed as follows : , L

1

A\

The recetvmg water should be re- sampled This estabhshes whether an amblent toxicity
problem is recurring at that site or was a one time incident. When it is demonstrated that
the problem is recurrmg, then an alternative site may be chosen.

i

[} ]
[
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2. An alternative recelvmg water source, more remote from the dxscharge site, may be used.

3. If the altematxve recewmg water source also demonstrates amblent toxrcxty, the perrmttee
may'substitute laboratory seawater (filtered or reconstituted) or may substitute a known -
"clean site" in all subsequent tests provxded the unacceptable recelvmg water test meets
the following stlpulattons : [

(a) In addition to the recervmg water control, a synthettc laboratory seawater control
was performed which fulﬁlls the TAC;

If the test using receiving water met the TAC then its results are reported. - If the
receiving water has an unacceptable control response, then the results from the laboratory
water are reported (provided these results. meet TAC). A footnote to the DMR should
mdlcate which source of d|lutton water was used for the reported test results.

®) the test mdxcatmg receiving water toxxcxty was carned out to completron of the test:
duration (e.g., 7 days)

(c) ~ the perrmttee submlts all test results mdrcatmg recetvmg water tOXlClty thh the -
testing reports

The permittee may substitute other appropriate dilution water with chemical and physical
charactenstlcs similar to that of the recelvmg water upon approval by the pemnttmg authonty

SELECTION OF DILUTION SERIES FOR TESTTNG

Itis important to calculate the dtlutlon at the edge of the mnxmg zone in order to determme
whether or not the results of the toxicity testing indicate toxicity: The mstream waste’
concentration (IWC) is the mverse of the dtlutlon factor.

Comphamce with NOEC Endpomt

One of the five effluent treatments must be a

concentration of effluent mlxed with dilution S ——

water which corresponds to the facility's IWC. ' Example

At least two of the effluent treatments must be . .

of lesser effluent: concentratton thaen the IWC.  ° IWC = 45%; possible dilution series i
22.5%, 35%, 45%, 70% and S0%

No concentration should be greater than two

times that of the next lower concentratlon S e IWC = 100%; possible dilution-series-is
12.5%, 25%, 50%, 75% and 100%

/

T o 24 Examples of dilution series
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Compliance with a Point Estimate (LC/IC/ECp) Endpoint

The toxicity tests shall be performed with a minimum of five treatments and a control
Compliance with a t-test N

Toxicity tests shall be performed with the IWC and a control

SELECTION OF TEST DURATlON

The test: duratlon for the chromc tests range from 40 minutes to 7 days The chromc test methods
specify the duration of the test, such as 48 hours for the red abalone larval development test. The
acute test methods can be conducted as either 24, 48 or 96 hours in duration. If the toxicant is
fast acting, then select either a 24 or 48 ‘hour duration. These tests are usually conducted as static
non-renewal tests. Non- renewal testing'is important when it may be difficult to collect: eﬁluent
renewals such as stormwater or Overseas samples. If the mode of toxicant is unknown as is the
case with most eﬂ'luents then select a 96-hour test w1th a renewal at 48 hours

SELECTION OF TEST TYPE’
Tests ‘may be conducted as‘static (’sta»tic non-renewal.or static renewal) or ﬂow-thrOugh.:

1 Static non-renewal tests: The test orgamsms are exposed to the same test solutton for the
duratlon of the test.

2 Statlc renewal tests: The test organisms are exposed to a fresh test solution of the same
concentration of sample every 24-hour or other prescribed interval, either by transferring
the test organism from one test chamber to another or by replacing all or a portion of
solution in the test chambers.

3 'Flow-through tests (l) sample is pumped continuously from the sampling point directly
to the dilutor system,; or (2) grab or composite samples are collected penodlcally, and then
‘placed ina tank to. the dtlutor system.

)

Static non-renewal: red abalone larval
development test

The chromc test methods specify whether the
test is to be conducted as statnc non-renewal
or as static renewal.

Static renewal - topsmelt survival and
growth test S The acute test me_t‘hods can be conducted as
S ——————————  cither static non-renewal, static renewal or
2-5 Methods developed for specific test types flow through tests.  See Diamond et al., 1995

2-33

N

Sarmam.



DEVELOPING WET PERMIT CONDITIONS

for a description of a flow-through system design using larval fish. The acute test manual
highlights some advantages and disadvantages of the test types to consider when determining

whether to use static non-renewal, static renewal or flow through for acute tOXlClty testmg
[EPA/600/4 90/027F p. 45]

REFERENCES

Diamond, S., J. Orls, and S.Guttman. 1995. A System for Conductmg Flow-through Tox1c1ty
Tests w1th Larval Ftsh Enwron Toxicol.. Chem 14; 1389 1391

Rand, G.M. and Petrocelh, S R. 1985 Fundamentals of Aquatlc Toxncology Methods and
Apphcatlons GM. Rand and S.R. Petrocelh eds Hemtsphere Pubhshmg Corporatton

U.S. Environmental Protectlon Agency 1991, Techmcal Support Document for Water
Quallty based Toxics Control (TSD). EPA/S05/2- -90/001. Of’ﬂce of Water. Washmgton DC

-U.S. Envnronmental Protectlon Agency. 1993. Methods' for Measunng the Acute Toxicity of -
Effluent and Receiving Water to Freshwater and Marine Organisms. Fourth edition. Edited by C.
Weber. EPA/600/4-90/027F. Envrronmental Momtonng Systems Laboratory, Cmcmnatl OH.

U.S. Envnronmental Protectlon Agency 1994 Short term Methods for Estlmatmg the
Chronic Toxicity of Effluent and Receiving Water to Freshwater Organisms. Second edition.
Edited by Lewis, P., D.Klemm, J.Lazorchak, T .Norberg-King, M.Heber, and W. Peltier.
EPA/600/4 91/003. Envnronmental Momtonng Systems Laboratory, Cincinnati, OH.

U S. Environmental Protectlon Agency. '1994. Short-term Methods for Esttmatmg the
Chronic Toxicity of Effluent and Receiving Water to Marine and Estuarine Organisms. Second
edition. - Edited by Klemm, D., G.Morrison, T. Norberg-King, M.Heber, and W. Peltier.
EPA/600/4 9l/002 Env1ronmental Momtonng Systems Laboratory, Cincinnati, OH.

U.S. Envnronmental Protection Agency. 1995 Short- term Methods for Estxmatmg the
Chronic Toxicity of Effluent and Receiving Waters to West Coast Marine and Estuarine
Organisms. Edited by Chapman, G., D.Denton and J Lazorchak. EPA/600/R-195/ 136.
Envnronmental Momtonng Systems Laboratory Cincinnati, OH:

U S. Envuronmental Protectlon Agency 1982 Handbook for Sampling and Sample
Preservation of Water and Wastewater. EPA/600/4 82/029. Envxronmental Monitoring Systems
Laboratory, ‘Cincinnati, OH.



N

~— .

CHAPTERS3. STATISTICS AND QUALITY ASSURANCE

OVERVIEW

Thiis chapter lS desngned to provide the permit writer a background for evaluatmg and rewewxng

‘whole effluent toxicity (WET) test results.. The statistics used to analyze WET test results are

discussed, ‘as well as the quahty assurance procedures ‘necessary to implement a successﬁ.ll WET.
testmg program o :

- STATISTICAL ENDPOINTS AND ANALYSIS

This st-atlstlcal section will hlghhgh_t_some of the statistIcal‘ discussions covered in the EPA acute

*[USEPA 1993] and chronic test methods [USEPA 1994a, 1994b, 1995]. The Objective ofa ;
~ toxicity test is to estimate the highest "safe" or "no-effect concentration" of wastewaters. Whena -

single WET test is conducted, the observed toxncologlcal measurement endpoints (e:g., survival,
reproduction, growth) are recorded. At the end of a test, the data are subjected to an array of
statistical analyses to quantify the effects observed during the test. The no observed effect
concentration (NOEC) is determined by hypothesis testing. The NOEC is the highest

~ concentration of toxicant to whxch orgamsms are exposed in a full hfe-cycle or partial life-cycle
(short- term) test, that causes no observable adverse effects on the test organisms (i.e., the hlghest ,
" concentration of toxicant in which the values for the observed responses are not statistically '

sngmﬁcantly different from the controls). Determining the NOEC:does not mean, though, that

* there was "no toxic effect”, but that only no statistically significant effect was observed. Point .
: ~.estimavtion is'used to determine the toxicant concentration that would cause an observable adverse -

TR

effect in a given percent “p” of the organisms: For point estimates, typically the results can be -
~ reported as the effective concentration (EC), the lethal concentration (LC), or the inhibition
' concentration (IC). When mortality is the measure of toxicity, LCp is used, and ECp is used to
. determine the toxicity measure for quantal data such as survival or fertilization. The inhibition -

concentration, ICp, is generally used for tests where the percent reduction is a nonquantal

continuous measurement such as length welght or reproductlon
~ Chronic Statlstlcal Analysns

. The ,USEP,A [1994a, 1994b, 1995] recommends statistical procedures for analyzing the test

results. The methods allow the choice of hypothesis testing (e.g., NOEC from Dunnett’s) or’

- point-estimation techniques (e.g., ECp and confidence limits on the ECp from Probit model).

Hy,pothesis.»Testing o

| “Hypothesis tests‘provide comparisons between one e"r_ m_ore; eﬁ]uent'vcpncentratiensand an
~ appropriate dilution water control. The benefits of hypothesis testing include the following:
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(1)  the results can provrde statrstrcal information regardmg test vanabrlrty (e. g minimum
- srgmﬂcant difference (MSD)); )
‘ (2)  the results inform.the regulator of the no- -observed eﬂ‘ect level,
- (3) - the researcher « can use the same statistical methods for many dtﬁ'erent test methods and
L endpomts : :
(4) the researcher can test just the instream waste concentratlon (IWC) vs. the control (by -
' using a standard t-test); and -

(5) the researcher can use routme stattstrcal analyses [USEPA 1993 l994a l994b 1995]. -
An 1mportant criticism of hypothesns tests is that they mrght have erther poor or- excessive
statistical power since the majority of analyses do not constrain beta (see discussion on defi ining

 false positives and false negatives). In one case, a large effect size (e.g., significant biological
effect) might not be statistically significant, but in another case small effect size (e.g., small
biological effect) might be statistically significant. Another criticism of- ‘hypothesis testing is that
no true dose-response relationship can be derived using the hypothesis test, since the NOEC is
dependent upon the selection of the dilution series The true effect level might lie somewhere in-
between the NOEC and the lowest observed effect concentration: {LOEC). For example, with an
NQEC of 25% and an LOEC of 50%, the actual NOEC might lie somewhere between: these
values. The mabtltty to generate. precrsron estlmates with NOECs i is also a criticism.,

=

- To alleviate some of these concerns, the spacing of the dtlutton series should be controlled and.
" ideally the-concentrations should bracket the IWC or include the IWC as one of the test
- concentrations. Another way to address concerns over test variability is to establish a test
sensitivity cntenon such as an MSD that must be met when using hypothesxs testmg

Deﬁnmg false positives and false negatlves. One objectrve of a toxicity test is to determme if
the toxicological measurement: endpomt in one treatment (an effluent dilution) differs from the
endpoint in another treatment (a control) The nuil hypothesis (H, ) is that there is no difference.
between the two treatments (i.e., the effluent or ambient water is not toxic). The alternative
hypothesis (H,) is that there i isa statistical dtﬂ'erence between the treatment and the control (i.e.;
the effluent or ambient water is toxic). Table 3- 1 presents the possxble outcomes and decrsrons
that can be reached in hypothesxs testmg

3:2
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Although the USEPA effluent test manuals [USEPA 1993 1994a, 1994b] requ1re an alpha of
0.05 (5%), a level of beta is not required. If beta is not specified, then we might not detect
toxicity when, in fact, an effluent is-toxic. Without specifying the level of beta, there is little
incentive for a testing laboratory to produce precise test-results (i.e., limit test vanabrhty)
Therefore, alpha and beta should be specified for each method to achieve an acceptable level of
toxicity that can be detected..

Test sensmvrty and minimum sngmt‘ icant difference. To hmrt the. degree of test vanablhty,
USEPA (1995) included an MSD criterion that must be achieved in the seven west coast test
methods. The MSD.is a measure of the within-test variability and represents the amount of
difference from the control that can be detected statistically. A difficulty arises with the -
calculation of an MSD criterion for data with either non-normal distribution and or heterogenous"
variances. While the MSD can be’estimated, it may be blased and further evaluatlon is necessary
to determme the magmtude of the blas

The followmg formula is used to calculate MSD (as recommended by USEPA 1995)

MSD=d s, f(1/n,) (1/n)

Where d . critical value for the Dunnett's procedure.

S, = the square root of the within mean square error (MSE)
number of experimental units in the control treatment.
the number of experimental units per treatment, assummg
an equal number at all other treatment.

5 5
|-

The MSD is often expressed as a percentage of the toxncologrcal endpomt in the control response
(%MSD = MSD/control mean X 100). A level of test sensitivity has been used by the State of
California (Anderson et al. 1990) that sets a maximuni allowable mean square error term (MSE)
for each test method. A limitation of the MSE is that it only reflects test variability. The MSD, .
though, incorporates alpha () and number of experimental units, in addition to an estimate of test
variability (i.e., MSE). Distributions of the MSD values of multlple tests for a specific reference
toxicant and test method can be used to determine the level of sensitivity that can be achiéved by a
certain percentage of the tests. The MSD should i increase as the. MSE mcreases when the number
of rephcates and treatments and alpha are constant.

To summarize, the sensrtmty of the toxxcrty test w1ll depend in pa.rt on the number of replicates
per experimental units per treatment, the alpha and beta. (prowded beta is used to determine the
effect size desired), and the variability (e.g., MSE). The power to detect differences increases
(i.e., MSD decreases) as. the vanablhty decreases and the eﬂ'ect size increases. These drscussrons

3-4
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Table 3-1. COMPARISON OF TYPE I AND TYPEII STATISTICAL DECISION
ERRORS. The alpha, a, represents the probability of a type I statistical -~ -
error (i.e., false posmve) and beta, B is the probablllty of makmg a type II
statistical error (| e., false negatwe)

’

TRUE CONDITION - TRUE CONDITION

Treatment =.Control

DECISION Treatment > Control

Treatment =
Control

Correct Decision False negative
(l-a) -~ . Type IL.error (B)

Treatment >
Control

False positive o Correct Decision
Type I error (o) - . (1 - B) (power)
\lote.. Table entries correspond to the probablhty deciston gwen in parentheses

Hypothesns tests can be desngned to control ( mmlmlze) the chances of makmg mcorrect decisions.
A Type | error (alpha, a) results in the false conciusion that an effluent is toxic when the effluent
is not toxi¢. A Type Il error (beta, B) results in the false conclusion that the efﬂuent is not toxic,
when the effluent is actually toxic. 'Traditionally, acceptable values for o have ranged from I to
10% with 5% used most commonly, This choice should depend upon the consequences of
making a Type I error. Historically, havmg chosen alpha (), environmental researchers have
ignored beta () and the associated power of the test (1- B). Power is the probablhty of correctly
detectmg atrue tox1c effect (i.e., declaring an efﬂuent toxnc when in fact it'is tox:c)

Alpha and beta are dependent on each other (as alpha i increases, beta decreases) assummg that
sample size ( number of treatments, number of rephcates) the amount of dlfference to detect and
the variability are held fixed, Increasing alpha level of a statistical test increases the power of the
test, if all other factors are held constant. Selection of the appropriate alpha level of a testis a
function of the costs associated with making Type [ errors: For a glven ‘alpha, beta decreases
(power increases) as the sample size increases and the variance' decreases. The desired power of
the statrstrcal analysns should be consrdered in the study plan development

The use of the statlstlcal tests can protect regulators from concludmg the eﬁluent is toxic when it
is not. The statistical tests can control the risk of a Type I error, which is important when the
results are shown to be toxic. Without a power. analysis, the assurance that the decxsxon to not
reject is questloned and the poss1b|hty exists that a false negatlve occurs.

Variance is the average of the squared deviations around the mean for a data set. S N
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R demonstrate the i importance of measurmg test sensitivity and setting the power for toxrcxty test

‘methods. The issue of false positive and false negative errors needs to be evaluated along with
test power and sensmvrty to decrde the appropnate testmg frequency for comphance purposes. .

_»Hypothesns testmg procedures Hypothesrs testmg procedures such as the Dunnett test are
used to determine the NOEC (see Figure 3.1). The procedures consist of an analysis of variance

( ANOVA) to determine the error term, which is then usedin a multrple comparison procedure for
comparmg each of the treatment means with the control mean, in a series of paired tests. The
assumptions when using ANOVA are that the data are distributed normally when tested by
Shapiro-Wilk's Test and that the group variances are homogenous when tested by Bartlett's Test
In cases where the number of replicates for each concentration are not equal, a test may be -
performed with Bonferrom s adjustment for multiple comparisons, instead of using Dunnett's
procedure. If either of the two statistical assumptions (normally or homogeneity .of variance) fail,
then one of the two non parametnc tests should be used. The Steel's Many-one Rank Test should
be used:if there are four replicates per test concentration. If the number of replicates are not.

equal, then Wilcoxon Rank Sum Test with Bont’errom s adjustment should be used

LI
:
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DATA (SURVIVAL, GROWTH, RE’HOOUC‘HON.EI'C)

ESTIMATION

l

BMDPGNTESTIIMTE
LG EC,IC

R

HYPOTHESIS TESTING

NORMAL DISTRIBUTION: ‘

HOMOGENEOUS
VARIANCE

BARTLETT'S TEST

NO smnsnmmvs:s NO| 4oRMORE

RECOMMEN

NO

T-TESTWITH
BONFERRONI W',‘%g‘.r"'s
ENT : '

WII.OOXON RANK SUM
WFERRONI ADJUSTMENT

Figure 3.1
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DETERMINATION OF THE LCSO0-
FROM A MULTI-EFFLUENT-CONCENTRATION
ACUTE TOXICITY TEST

MORTALITY DATA
# DEAD

'

TWO OR MORE | NO
PARTIALIIORTM.I'I'IE’S?

=

IS PROBIT MODEL NO
_NO ONE OR MORE GRAPHICAL METHOD

\ — .

s

ZERO MORTALITY IN THE
PROBIT METHOD LOWEST EFF CONC. | NO
AND 100% MORTALITY IN THE
HIGHEST EFFLUENT CONC.?

lves

SPEARMAN-KARBER | THMME)SPEARMAN

- LCS0 AND 85%
| CONFIDENCE |-
INTERVAL

F'lowchar‘ for determnatmn of the LCSO for mlti-efﬂ uent-
Figure 3.2 concentration acute tox1c1ty tests.
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Ifin the calculatlon ofa NOEC, two tested concentrations caused ;statnstncally sngmfcant adverse

effects, but an intermediate concentration did not cause statistically signifi cant effects, the results -

" should be used with extreme caution. For example: 6.25, 12.5, 25, 50 and 100% effluent .

' concentrations are tested usmg hypothesis testing. The 12.5 and 50% concentrations are

 statistically significant (LOECs) but 25% is not significant. The Regions recommend that the
test should be repeéated or the N OEC is the Iowcst no observed effect concentratlon (| e.,

l ’NOEC 6.25%). ' ‘ :

¢

‘Point Estimate Technigues' o

Most pomt estimate endpomts such as the LC EC or lC are denved from a mathematncal model
that assumes a continuous dose-response relationship. By definition, any LC, EC, or IC value is
an estimate of some amount of adverse effect. Thus the assessment of a "safe” concentration
must be made from a biological standpoint rather than with a statistical test. The biologist must
determine some amount of adverse effect that is deemed to. be "safe.” in the sense that from a
practical biological viewpoint it will not affect the normal propag,atlon of ﬁsh and other aquatlc
llfe in recexvmg waters.

Point estlmatlon methods have many benef ts dlﬁerent from hypothesxs testm;., These types of
methods can:

(1) use all information from a dose-response relationship;

2) minimize the importance of the effects at the IWC;

3) , quahtlfy the precision between and among testing laboratories;

(4) confidence intervals can be obtained; and

5) - avoid having power- of the test be as dependent on experlmenta.l de51gn asis the

case w1th hypothesxs testing.

As w1th hypothesxs testmg, point estimation techmques also have some cnt|c15ms They mclude

(1) . The pomt-esttmate 1S model dependent, espec1ally for small levels of pinECp.,

2) . Thedata from a single toxicity' test mxght glve very little mformanon as to Wthh
model is appropriate.

3) The appropriate model might vary with eﬁ'luent sample species, ponoentratlons
tested, the amount of tOXlClty present and the type of dxlutlon water used (Fulk et
al., 1993)

-

For. sxmple lmea.r curve fitting models for pomt esnmatlon typlcal data can depart from the
models for several reasons. A hormesis like-effect can occur where the response is greater at the
hxgher concentratton than the control Nonsymmetry can occur where the slope up to the 50%

3-8

Ce e

e



STATISTICS AND QUALITY ASSURANCE

effect level is less/more steep than at the hlgher concentrations. In addition, a no- dose response’
or an extremely lrregular data set (Noppert et al;, 1994) can occur.

The primary questton in applymg the pomt estimation techmques has been what effect level (e g,
ECp) should be reported for compliance purposes? In 1991, the USEPA evaluated existing data_
for two freshwater test species methods, C. dubia and P. prome/as and three east coast marine
test methods, Arbacia punchilata, C yprinodon variegatus, and C. parvula. Inthe comparisons of
both types of data, EPA indicated that an NOEC derived using the IC25 is approx1mately the
analogue of an NOEC denved usmg hypothesrs testmg [USEPA 1991]

Wlth the development of the standardlzed west coast maririe toxncxty test methods an evaluation
was conducted to. evaluate what “p” value is approxnmately equivalent to the NOEC Quantal
endpoints (e.g., survival and fertilization) were determined using the USEPA Probit Model -
[USEPA 1993} and nonquantal endpoints (e.g., weight, length number of offspring) were
determined using linear interpolation with the [CPIN program [USEPA 1995]. Quantal endpomts
were estimated by mterpolatlon using the slope and intercept from the Probit model to generate
the point estimation correspondlmy to the NOEC The nonquantal endpoint estimates were
grouped categorlcally (e.g., IC values 0 to < 5%, 5 to < 10%, 1Q to < 15% and 15 to < 20%) and
then comipared to the corresponding NOEC value. -For all the test, methods analyzed, the. -
approximate “p” value was:below an EC25 [Denton et al., 1994].: A substantial number of the
dose-response curves did not fit the Probit model (e.g., sngmﬁcant lack of fit). It is not desirable_
to use different ECp's for every test gundelme but if necessary, then the rationale for domg thxs
must be succinct and defensible.

In order to adopt the ECp approach dose response ‘models are needed and the value of p should
be selected so that the ECp estimate is not too model dependent The ECp approach is
advantageous because the ECp value is not restricted to being a test concentration, the precision
«can be quantified, the ECp values are comparable, confidence intervals may be calculated, and the
acute and longer term studies use the same basic approach for data analysis. However, as
difficulties-arise when choosing a model, the confidence intervals may be very wide for lowor
high percentages. The use of the ECp.in place of the NOEC requires the value of p to be
specified and the selectlon of the p value may be arbrtrary

Point estimate models ‘The statrstlcal models are. hwhllghted in the EPA test method manuals
flowchart (see figure 3.2). Probit analysns is used to estimate LC or EC values from 1 to 50
percent effect of the test organisms measuring quantal endpoints (e.g., survival , fertilization,
germination, or larval development). The analysis consists of adjusting the data for mortality in

Almost no effect, even at the highest concentration
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the control, and then using a maximum lrkehhood techmque to estimate the parameters of the
underlymg log tolerance dlstrrbutron whrch is assumed: to have a particular shape

The assumptlon upon Wthh the use of Probit analysis i is contmgent is a normal’dtstrtbutron oflog
tolerances.- If the normality assumption is not met, and at least,two partial mortalities are rot
obtained, Probit analysis should not be used. It isimportant to check the results of Probit analysrs
to determine if use of this analysis is appropriate. The chi-square test for heterogeneity provides a.
good test of appropriateness of the analysis. The computer program checks the chi-square
statistic calculated for the data set against the tabular value,-and prowdes an error message lfthe
calculated value exceeds the tabular value

In cases where PI’Oblt analysns 1s not appropnate the LC 50 may be estlmated by Spearman Karber
method or the trimmed Spearman-Karber for acute toxicity only. If a test results in 100% survival
and 100% mortality in adjacent treatments (all or nothing effect), the LC50 may be estlmated T
using the Graphical method. For chronic toxicity endpomts the Linear Interpolation method

should be used when Probit analysrs is not approprlate since the eﬁ'ect needed to be observed is

less than a2s percent effect.

The Lmear Interpolatton method i1s a procedure to calculate a point estimate of the effluent or
other toxicant concentration that causes a given percent reduction of the test organisms (e.g.,
25 percent effect) in continuous endpoints (e'g.. reproductlon or growth) Use of the Lmear
Interpolatton method is based on the assumptrons that the responses; . =~ -

¢ -are monotonically non- i'ncreasmu (the mean response for each higher
concentration is less than or equal to the mean response for the previous
concentratton)
..  follow a piece-wise linear response function, and : o
. are from a random independent ‘ and representative sample of test ‘data.
The assumption for plece-wwe linear response cannot be tested statlstlcally, and no defined
statistical procedure is provided to test the assumption for monotonicity. Where the observed
means are not strictly monotonic: by examination, they are adjusted by smoothing. In cases where

the responses at the low toxicant concentrattons are much higher-than in the controls, the
smoothlng process may result ina large upward adJustment in the control mean.

3-10
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Acute Statlstlcal Analysu

anothesns Testmg

The two hypothesis testlng statistical endpoints are elther the no observed adverse eﬁ'ect
concentration (NOAEC) for multi-concentration tests and the't-test (pass or fall) for single-
concentration tests. The NOAEC is the lowest concentration at which survival is not 51gmﬁcantly
different from the control: In the pass/fail tests, the objective is to determine if the survival in the -
single treatment (eFﬂuent or recelvmg water or a combmatlon) is sxgmﬁcantly dlfferent from the
control survival -

NOAEC endpomt The assumptions when using ANOVA are that the data are distributed
normally as tested by Shapiro-Wilk's Test and that the group variances are homogenous as tested -
by Bartlett's Test. The first step in these analyses is to transform the responses, expressed as the
proportion surviving, by the arc-sine- square-root transformation. This transformation is
commonly used on proportionality data to stabilize the variance and satisfy the normahty
requirement. = In cases where the number of replicates for each concentration are not equal, a: test
may be performed with Bonferroni's adjustment for multiple conparisons, instead of using .
Dunnett's procedure. If either of the statistical assumptions (nornality or equal variances) fai;, -
then the Steel's Many-one Rank Test should be used if there are four replicates per test
concentration. If the number of replicates are not equal, then Wllcoxon Rank Sum Test with
Bonferroni's adjustment should be used. : S

Ifin the calculatlon of a NOAEC, two tested concentratlons caused statistically 51gn1ﬁcant
adverse effects, but an intermediate concentration did not cause statlstlcally significant effects, the
results should be used with extreme caution. For example: 6.25, 12.5, 25, 50 and 100%
effluent concentrations are tested using hypothesis testing. The 12.5 and 50% concentrations are
statistically significant (LOECs) but 25% is not significant. “ The Regions guidance is that-the test
should be repeated or the NOAEC is the lowest no obsened eﬂ'ect concentration (i.e:, NOEC =
6.25%).

Smgle concentratlon endpomt. Aﬂer the data have been transformed, test the assumptlon of
normality with the Shaptro Wilk's test. The F test for equality of variances is used to test the
homogeneity of variance assumption. To perform the t-test, obtain values for the means and
variances and use the one-tailed test at the 0.05 level of significance. If the calculated t is greater
than the critical t, the conclusion is that the survwal in the 100"/ concentration is s:gmﬁcantly less
than the survwal in the control
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Point Estlmate,Techmgue J

The method used to estimate the LCSO from multl -concentration acute toxncnty tests depends on’
the shape of the tolerance dxstnbutlon and how well the effluent concentrations chosen
characterize the cumulative distribution function for the tolerance distribution (i.e.; the number of
partial mortalities). The four statistical methods for estimating the LC50 are the' Graphical’
Method, the Spearman-Karber Method, the Trimmed Spearman-Karber Method, and the Probit
Method.” The acute test methods. manual [USEPA 1993] provides a description of the
calculatlons mvolved for each method and an e\ample of the calculatlons

EPA Reglons 9 and 10 recommend the StdllSthdl endpomt of LCSO be calculated with point
estimate techmques or the statlstncal endpomt of pass/fall test calculated w:th at- test

Evalua'tlon of Toxicity Data

Chromc Tox1c1ty Dat

1. Examine the test results to venfy that the laboratory is- usmg the test method and dlluthl’l senes
- as required in the NPDES permit. Note: ThlS may only need to be performed after a perrmt
has been ﬁrst issued.

2. Evaluate the test results to verify that the laboratory met the test acceptablhty criteria (TAC ) as
spec1ﬁed in the test method.
Example A laboratory conducts the chronic reproductlon and survivadl water flea,
Ceriodaphnia dubia test. The following criteria must be achleved for both the reference -
toxxcant and effluent test: .

a) Survwal in the controls must be at least 80%
b) - Reproduction in the controls must average 15 or more young per survnvmg female
c) - The laboratory must report the MSD value.

3. Examine the chermcal and physncal parameters of the test:

a Mlmmum and maximum pH, temperature and dissolved oxygen for the test.. Note
The test method specifies that the temperature should be 20 + 1 °C.- The data
reviewer should evaluate these parameters on best professional judgement. For
example, the test met the required TAC, and the data demonstrates a normal dose
response curve, but the temperature minimum was 18.5 °C and maxlmum was
20.0 °C. This should be an acceptable test. result.
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4. Examme the statrstrcal results to venfy the followmg

Drd the laboratory use the correct statlstlcal programs (see Appendlx B, [USEPA
1994a 1994b, 1995D°

Did the laboratory p.erf'orm the necessary number of replicates?-
Do the data indicate a good dose response curve? Note: Reference toxicant tests -

should have good dose response curves, but this may not be the case w1th eﬁluent
tests.

5. Calculate the TUc and compare with-permit limit.

NOEC = 50% effluent

TUc =100/50=2.0 TUc

Acute Toxicity Data

‘1. Examine the test results to venfy that the laboratory is usmg the test method and drlutlon series
required in the NPDES permtt Note -This may onIy need to be performed aﬁer a perrmt has
been first issued.

9

Evaluate the test results to verify that the laboratory’ met the TAC as specrﬁed in the test

method

The only TAC for all acute test methods is the followmg for both the reference toxlcant and
the el’ﬂuent test:

a)

Survrval in the controls must be at least 90%

Examine the chemrcal and physxcal-parameters of the test:

a)

Al

Mmrmum and maximum pH, temperature and dlssolved oxygen for the test. Note:
The test method specifies that the temperature should be 25 +'1 °C. The data
reviewer should evaluate these parameter on a best professional Judgement For.
example, the test met the required TAC; and the data demonstrates a normal dose
response curve, but the temperaturé minimum was 23. 5 °C.and maximum was
25.0 °C. ThlS should be an acceptable test result

G
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4. Examine the statlstlcal results to verify the l’ollowmw

a) - Did the laboratory use the correct statrstrcal progams (see Appendrx B, [USEPA
1993])?

b) D1d the laboratory perform the necessary number of replrcates"

¢) Dothe data indicate a good dose response curve? Note Reference toxicant tests .
should have'good dose response curves, but thrs may not be the case wnth efﬂuent
tests.

5. Calculate the TUa and compare with permrt limit.
LCSO 67% eﬂ’luent
TUa= 100/67 = 1,49 TUa

QUALITY ASSURANCE (QA) PROCEDURES

ey

This quahty assurance (QA) sectlon will only hrg,hlr&,ht the 5eneral discussions from the- testrng
manuals such as the use of reference toxrcants dose response curves and test acceptability
criteria. 'Development and matntenance of a toxicity test laboratory QA program requires an
ongoing commitment by laboratory management.. As stated in the toxrcrty test method manuals
each tox1c1ty test laboratory should:

N Appoint a QA ofﬁcer with the responsnbtllty and authonty to develop and mamtam
a QA program,

(2) a Prepare a quality assurance plan wrth stated data quallty ObjeCthES

3) Prepare written descriptions of laboratory standard operating procedures for
culturing, toxicity testing, instrument calibration, sample chain-of-custody
procedures, laboratory sample tracking system, glassware cleaning, etc.; and.

(4) - Provide an adequate, qualified technical staff for culturmg and toxicity testing the
orgam_sms and su1table space and equxpment to assure rehable data.

The EPA acute and chromc toxncrty test. method manuals each contain a chapter on QA :
procedures Toprcs covered in the chapter include handling of effluents and receiving waters,
quality of test organisms, food quality, calibration and standardization, reference toxicant testing
and record keepmg Of particular importance is the requirement to conduct satisfactory reference
toxicant tests in conjunction with effluent or ambient water tests. Reference toxicant tests
confirm the sensitivity of the test organisms and demonstrate a laboratory's ability ta obtain
consxstent results with WET test methods Appropnate laboratory practrces are essential in s \
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obtammg quality test data. QA practrces for tox1crty tests include all aspects of the test that aﬁ‘ect
the quality of the data such as:

(l) , effluent samplmg and handling

(2) - source and condition ofthe test oroamsms
(3) _ condmon of equipment

(4) test conditions

(5) . instrument calibration

(6) : replication

(7) use of reference’ tox1cants

® - record keeping

(9). data evaluatlon

Addmonal QA requlrements have been/developed to provnde further guidance for cons:stency
among testing laboratories. The chronic marine west coast methods [USEPA 1995] require a-
specific reference toxicant and test concentrations for each test method. This level of detall was
encouraged by the regulated community. This 0u1dance can be helpful for many reasons,
including ease of comparison of control charts and quantifying | precision among laboratories when
using a uniform reference toxicant. These types of statistical and QA issues have evolved from -
discussions with the: Southern Californja Toxicity. Assessment Group (SCTAG). SCTAG is.
composed of dlschargers consulting laboratones academia and government scientists and
managers that meet to discuss and. resolve technical aspects of the WET program (e.g., guidance.
on selection of reference toxicants and statistical apphcattons) We believe these types of forums
are lmportant to ensure a successful WET program.

Reference Toxlcants

Reference tox1cant tests lndlcate the sensmvxty of the test organisms bemg used and demonstrate
a laboratory's ability to obtain consistent results with the method.- It is the laboratorys
responsibility to demonstrate its ability to obtain consistent, precise results with reference
toxicants before it performs toxicity tests with effluents for permit comphance purposes. To meet
this requirement, the intra laboratory precision, expressed as percent. coefficient of variation (CV
= standard deviation/mean x lOO) should be determined by performing five or more tests with
different batches of test organisms, using the same reference toxicant, at the same. concentrations'
under the same test conditions (i.e., the same test duration, type of dllutlon water, age of test
orgamsms feedmg, etc ) and the same statlstncal dnalysns -

N
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When to 'C-Ol’ldUCt reference ‘tomcant tests

1 If the laboratory obtams the test orgamsms from an outsrde source (eg., orgamsm suppher)
then a reference toxicant test must be conducted concurrently with the efﬂuent tést to"
determme the. sensmvrty of the test orgamsms

2. Ifthe laboratory mamtams in-house cultures, a relerence toxrcant test must be conducted at
least once'a month. It is preferred. that this reference toxicant test be performed concurrently
with an eﬁluent toxicity test. However, if a given species of test organism produced by in-
house cultures is used only. monthly, or less trequently In toxicity tests, a reference toxicant
must be performed concurrently with each short term chromc eﬁluent toxrcnty test.

A

Wthh reference toxrcant to use

The test methods for chromc freshwater orgamsms [USEPA l994a 1994a] and chronic marine
east coast organisms [USEPA 1994b], and the acute freshwater and marine organisms [USEPA
1993] do not specify a partlcular reference toxicant and dilution Series.- There are currently
several possible reference toxicants recommended for testmg such.as sodium dodecyl sulfate
(SDS), copper sulfate (CuSO,); sodium chloride (NaCl). potassium chloride (KCl,), or cadmium
chloride (CdCl,). Standard reference toxicants can be obtained from a commercial supply ~ °
company, or can be prepared in-house using reagent grade chemicals. Reference toxicant
information is cun'ently under’ evaluatlon to determine acceptable reference toxncants and dllutron
series for these test methods.

N

!

However the test methods for chromc west coast marine orgamsms [USEPA 1995] do specrfy a
partlcular reference toxicant and dilution series. such as the red abalone larval development test
method requxres zinc sulfate to be tested at 10, 18, 32, 56 and 100 ug/L

Test Precnsnon

Precrsron is a measure of test consnstency or repeatablhty both-within a laboratory (mtra
laboratory) and among several laboratories (interlaboratory). Precision is quantified by a vanety
of measures including the coeﬁic:ent of variation (CV = standard deviation/mean x 100) of point
estimates (e.g., LC50 for acute endpoints and EC/ IC25 for. chromc endpomts) from multiple tests
conducted with the same test method and reference toxtcant

The USEPA Techmcal Support Document (TSD) [USEPA l99l] contains the summarized intra-

and interlaboratory precision data for the freshwater and east coast marine ‘test methods. ‘Grothe

and Kimerle (1985), Rue et al., (1988), Mornson et-al., (1989) Grothe et al., (1990) discuss the

precision of select toxicity test methodologies and found them to be comparable to commonly

accepted chemica] analytical methodologies. Grothe and Kimerle (1985) concluded that the . N
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reproducrbtltty of the D. magna toxicity test was as good as, if not better than, commonly

- accepted analytical methods. They postulated that one of the main reasons those low coefficients

~ of variation (CV) were obtained in their study was because-the method was clearly defined and -
“uniformly followed by all laboratories. More recently; . Anderson (1991 and BSAB (1994) have -
examined the precision of test-methods used on the west coast and generally found the tests had
very good precision. Denton et al.; (1992) also found the overall interlaboratory CV:s for four
~ west coast marine species ranged from 11.5% for Haliotis rufescans, the red abalone larval
- development test to 38.7% for Strongylocetitrots purpuraius, the purple urchin ferttltzatton test.
The BSAB report (1994) also concluded that foxicity tests should not be gauged by vanabtltty
~ alone. The report also concluded that other factors at least as 1mportant as precnsxon included .
: sensmvrty, accuracy and ecologlcal relevance oo , A

WET testmg can be improved most usefully by decreasmg intra-test vanabtltty Examples of how
to improve these-include using a well-defined test method [USEPA 1993, USEPA 1994a, 1994b,
USEPA 1995], controlling test sensitivity (e.¢., MSD) and maintaining communication with the
. regulated community. regardmg test method detatls data analysis, and interpretation- of test.
results.” For example, ‘one area of inconsistency arises when laboratories analyze the data for the
chromc Ceriodaphnia dubia test when males are identified as présent. When males are produced
this is often asignofa stressed culture, but if the percent of- males is less than 5%, the data.might -
be informative. Yet problems arise when the data is analyzed and some laboratories include males -
in the calculation of survival while other laboratories do not. [ncorporation of the data into the -
survival estimate or excludmg it may drastically alter the results reported. Another problem area
is the lack of consistency in use of the statistical programs. The proliferation of statistical o
packages has been helpful i in data analysis, however, they have also resulted in mtsappllcatlon of
"the. methods and in many instances, additional statistical tests have been added which can easily
“lead to confusion on the part of the users. These are but a few of examples of where frequent and
open commumcatnon with the tesnng commumty to resolve issues lS essenttal

[

Varlablllty in Toxtcnty Test Results

Test results will depend upon the species tested source of the test orgamsms ‘water qualtty
parameters (e.g., use of temperature as specified in the test manual) and food and dilution water
quality. The repeatability or precision of toxicity tests is also a functton of the number of test
orgamsms used in each toxrcant test concentration

Factors which can affect test success and precision include:
(- - the experience and skill of the laboratory analyst;

2) . test organism condition and sensitivity,
3) - dilution water quality
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r _(4) . chenucal and physrcal water quality parameters (e 8- temperature DO) and
: (S)v - qualxty and quantlty of food provrded :

These are also some addttronal factors to consxder t'or the possnble drﬂ”erences in test results

(D Eﬂluent varlabllrty is s caused by changes in the composmon of the ef’ﬂuent
' , Vlrtually all eﬁluents vary m chemlcal compo_smon.and concentratxon over time. -

) Exposure varlabrhty is caused by changes in ﬂow rates of both efﬂuent and .

- o receiving:water. There are variable receiving water parameters that may be .
independent of flow, such as baclwround toxicant levels, pH, salinity, tides,

. suspended solids, hardness, dlssolved oxygen and temperature that can be

‘ 1mportant in assessmg impact.

(3) ‘ o Spec1es sensmvrty drf’ferences are caused by the dlfference in response to toxtcants

“between species. For example the water flea, ( ermdaphma dubia, is more
sensitive to pesticides (¢.g., dlazmon) than tathead mmnows or the green alga
Selanastrum Capl‘l(, ornutunt.

Dose,Response Curves

In toxicology, it is conventtonal to plot the data in the form of a curve relating the dose of the
chemical to cumulative. percentage of test organism demonstratmg a response such as death or
* reduced growth. Typically, as the toxicant increases in concentration the greater the blologlcal
response is measured (eg, mcrease in lethallty, growth or reproductlon)

However it'is common for the lowest concentratron to sometrmes demonstrate an eﬁ'ect that is
greater than the control.. The apparent enhancément of a physiological process by low toxicant
doses is well known in pharmacology and toxicology [Laughlin et. al., 1981]. This is referred to
as hormesis, mechamstlcally, it has been attributed to transient overcorrections by control
mechamsms to mhtbttory challenges well wrthm its capacxty to counteract [A D. Stebbmg, 1979]

Test Acc-eptablllty Cntena (TAC)

Test acceptablhty criteria set mtmmum requtrements for performmg tox1c1ty tests These
minimum requirements are clearly identified in. the toxicity testing methods. Both effluent and
reference toxicant tests must meet these TAC. As stated in the NPDES permit, if a test fails
either the effluent or reference toxicant TAC, then the permittee must repeat the test as soon as
possible. For example, the control for both the effluent test and the reférence toxicant test must
achieve 80% or greater survwal and produce an average of 15 young per female for the chronic

=
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- water tlea survnval and reproductton test-method. “These requirements are stated in the summary
*- of test conditions and test acceptabthty cnterta table tn each chapter for the test method

Also, an mdmdual test may be condmonally acceptdble 1ftemperature dxssolved oxygen and

other specified COﬂdlthﬂS fall outside specifications, depending on the degree of the departure and

the objectives of the tests (see test conditions and test acceptablhty criteria spec1ﬁed for each test

method). The acceptabthty of the test will depend on the experience and professional judgment of
the laboratory investigator ‘and the permlttmo authonty (See section on data evaluatlon)

_‘Addmonal Test.mg Requnrements '_

EPA Reglons 9 and 10 recommend that the followmg addltlonal QA reqmrements be
_ |mplemented to enhance the current QA procedures.

1) A requ1rement that a mlmmum of four rephcates be requtred for the chromc tox1cxty test - -
methods, unless the method cites a number of replicates higher than four. This is necessary m \
order to perform non- parametnc statistics when conductmg hypothesrs testmg

2) A requirement that laborato‘rles must calculate and report the Mmlmum Significant Dtﬁ'erence -

(MSD) for the reference toxicant regardless of whether the comphance endpomt is based on
hypothesis testmg or pomt estimates.
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CHAPTER 4. TOXICITY REDUCTION EVALUATIONS

| 'O'VERVIEW v

Where momtonng indicates unacceptable effluent toxlcxty (ie, efﬂuent toxicity exceeds the whoIe

effluent toxicity (WET) limit or some other trigger), the principal mechanism for bringing a
discharger into compliance with a water quality-based WET requirement is a toxicity reduction

“evaluation (TRE). The purpose ofa TRE is to investigate the causes of and to identify corrective

~actions for difficult effluent toxicity problems. The first step is to define clearly and understand

the objectives of the TRE and to establish appropriate intermediate goals. The TRE's objectlves
should be specified in the permit, in apphcable State regulations, and where necessary in the

‘admmlstratlve letter requiring submlttal of the study plan

A TRE is a site- specxﬁc study conducted ina stepw1se process to narrow the search for eﬁ'ectlve
control measures for effluent toxicity. TREs are designed to identify the causative agents of .
WET, evaluate the effectiveness of the toxicity control options, and then confirm the reduction in

- effluent toxicity. Ultimately, the.object of a TRE is to have the dtscharger achieve compliance -

with the limits or other- permlt requirements for WET contained in the permit, thus attaining and
maintaining comphance with water quality standards. TREs can vary w1dely in complexity,
ranging from simply changing housekeeping procedures to conducting toxicity 1dent1ﬁcat10n

evaluations (TIEs). Figure - 4.1 is a flowchart showing Tiers [ and II of the TRE process

TEPA has pubhshed gundance documents for conducting TRES and TIEs (whlch can be part of a

TRE, as explained below). A list of those documents can be found at the end of this chapter. The:

~documents recommend, for successful completion of TREs, that a systematic, stepwise approach

that eliminates possible causes or sources of toxicity ‘be used until a solution or control method i is

* determined.” While TREs and TIEs are generally site-specific and the TRE's details can only be - - .

determined once it has been triggered, generic TRE plans can be made ahead of time. Where the
permitting authority includes a TRE provision in the permit, EPA recommends that the dlscharger
be requlred to’submit, within 60 to 90 days of the effective date of the permit,"a plan for
responding to noncompliance with the WET. limit or-permit requirement. ‘An 1mplementatlon

~ schedule should also be developed if noncompltance occurs.

EPA recommends that the permitting authonty only approve the 1mplementatlon schedule rather
than stating its approval or disapproval of the plan itself. Furthermore, EPA recommends that the
permitting authority only review and comment on the plan itself. If the permitting authority
approves the plan, there is the posmblhty that the discharger may believe that if the plan is not

- successful, no more effort is required by the discharger to come into comphance with the WET
~ limit or permit conditions. Many of the elements discussed below parallel best managément

. practices (BMP) plan and stormwater requirements. To prevent duplication of effort, evidence of

complymg with those requrrements may be sufficient to’ comply with TRE requxrements
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[
-
zTRE Objective Definition/Goals/Triggers Tier 1

T

\

EffMl A 4
andul‘:xnﬂtuent Informatlon and L Plant and Process l

Monitoring Data : Data Acqursrtion R Description

y 40 R __*

Evaluation of | Evaluanon of ' Evaluation of !
Facility Housekeeping Chemrcal Use " _Treatment System

Houc‘ekeepqu N Chemical , Treatm ent System

-

Improvements Replacements .- | -+ Corrections
Reduce Reduce . Reduce i
U " Tox. c : Tox

No Yes . ‘No v Yes 1 No - + Yes

Follow-up and : |Follow -up and : i Follow-up and |
Confirmation K Conff mation Conﬂrmadon

4 ' Yy . _!_ e

L Toxicity Identification Evaluation (TIE)

Figure 4.1 Toxicity Reduction Evaluation (TRE) Flowchart

Because the TRE workplan is requrred prior.to any actual exceedances of the WET limits or
criteria, the final TRE plans will be variable and site specific. An acceptable final plan should be
comprehensive and cover all the work which might need to be performed to complete a successful
TRE. Some TRE plans have been developed to focus upon a suspected toxicant when the actual
toxicant had not-been confirmed. To the extent possible; the plan should also completely describe
the work that w111 be performed if the suspected toxicant is not conﬁrmed

The approaches or methods to be used should be described to- the extent possnble pnor to

reaching the decision pornts without the data and results that will be collected in the initial steps of
aTRE. All proposed actions should be thoroughly Jusnﬁed and the ratronale for the proposed
course of acuon must be presented

Also, in some cases, the results of rmtral TRE tiers could alter the proposed work. The initial plan’
rhust contain assurances that appropriate detarled proposals will be developed as necessary

Where possible, any notice of proposed work should be mcorporated into the quarterly progress
reports oo

Reasonable time should be allowed for each aspect of the study. Proposed trme frames for
completton of each phase should be clearly presented and justlﬁed (to the extent possrble in the - .
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initial workplan) The ﬁnal TRE report prooress reports, subsequent proposals and meetmgs
with the permitting authority should be included as part of the schedule. The plan should also
specxfy the mf‘ormatlon and data that will be mcluded in progress reports and the ﬁnal report.

EPA recommends a generahzed process, consxstmo of six tiers, for performmg a TRE Tier I
includes the acquisition of available’ data and facility specrﬁc information. The available
information can usually be divided into three categones regulatory information, eﬁ'luent and
mﬂuent monltonng data, and facxhty mformatxon

Tier IT evaluates general housekeeping, optimization of treatment plant operatlon and the
selection and use of process and treatment chemicals as a means of reducing final effluent toxmty
If the efforts of Tiers I and II do not reduce effluent toxicity to acceptable.levels, then Tier III, a
TIE is initiated. .The objectlve of the TIE is to charactenze and ldentxfy the cause(s) of final .
effluent toxncnty

Followmg successﬁJl identification or characterization of the toxicant(s), the TRE process can
proceed in either of two directions. One approach is to evaluate options for treating the final
eéffluent (Tier IV). The other approach is to identify the source(s) of the toxicant(s) and evaluate
within plant options or modifications (Tier V). The two approaches can b pursued
snmultaneously in some cases. [f they are, then the most technologxcally and/or economlcally
attractive option may be selected

Tler V1 consists of follow -up and confirmation. This step occurs after the toxicity control method
has been selected and implemented. It must be designed such that it will assure that the objectives |
of the TRE have been achleved and that they are mamtamed overtime.

The Technical Support Document for Water Qtnllty-based Toxlcs Control (EPA/505/2-90-
001, PB91-127415, March 1991) (TSD) recommends that in cases where toxicity is repeatedly or
penodtcally present above effluent limits (or other trigger levels) more than 20 percent of the
time, a TRE should be required. In order to determine if effluent toxicity is in fact repeated or
periodic, EPA Regions 9 and 10 require accelerated testing, consisting of 6 tests to be conducted
during the following 12 weeks, after the first exceedance of a permit requirement. - Regions 9 and
10 consider this accelerated testing to be the first step of the TRE. If any of the tests during the
accelerated testing period show toxicity as defined by the permitting authority, then the TIE
requirement is triggered. This scenario is comparable to the recommendatlon in the TSD, since
20 percent of 7 tests (the first one and then the 6 accelerated tests) i is 1.4 tests. Therefore, two
tests indicating toxicity comprise more than 20 percent of the time. The TSD, in recommending
that a TRE be triggered, anticipates that all six tiers of the TRE. process will commence. By
requiring the first steps of the TRE to be accelerated testing and rev1ew of the facility's TRE
workplan a TRE may be ended in its early stages.
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I4

[NFORMATION AND DATA ACQUISITION

As recommended by . EPAs guidance documents, the startmg place for mvestlgatlons of toxmty
sources and reduction is a thorough information- -gathering phase. This is the stage where -
preliminary issues should be investigated and information evaluated for potential sources or
causes of toxicity. In most cases, this can be done prior to the time when toxicity has been
indicated (i.e:, by exceedance of the toxicity limits or triggers during accelerated testmg) and
should be the major component of the TRE workplan submitted soon after the eﬁ'ectlve date of
the pemut Table 4.1 shows the information needed for thlS tier.

The 1mportance of this initial mformanon -gathering phase cannot be exaggerated exther in terms-
of the TRE's outcome or of the efficiency with which the outcome of the TRE is produced. In
certain instances, it is likely that sources of toxicity can be targeted or eliminated by simple
calculation rather than by further testing, thus g g,reatly reducing the cast of and time for the -
investigation. This information-gathering phase may be conducted by the permittee prior to
contact with any paid consultants (whlch will further reduce the costs when consultants are hired)
and before any actual testing takes place. By carefully reviewing the mformatlon collected and
comparing trends in flow patterns, treatment efficiency; wastewater loading and effluent
constituents with toxicity patterns over time, permittees may be able to narrow the scope of
further investigations and possibly even 1dent1fy problem constltuents
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TABLE 4.1.. TYPES OF INFORMATION NEEDED FOR TIER I

Type of Facility

Informatlon Needed for Tner I-

Municipal POTWs

NPDES permlt
Treatment system design criteria, ﬂow
diagrams, descriptions of treatment elements
Influent and effluent flow data -
Effluent toxicity data and trends
Process control and operatlonal data and
histories : ‘ S
In- plant chemical usage (e g., polymers,
coagulants chlorine, sodium bisulfite)
Pretreatment information (where apphcable)
Industrial waste surveys
Industrial user self-monitoring reports
Industrial user operational schedules
and flow patterns:
Waste hauler momtonng and -
manifests
Hazardous waste inventories

Industnal wastewater treatment
plants (WWTP)

NPDES permit
Process and wastewater generatmg process
diagrams and descriptions

Diagrams and descrrpttons of non-process
wastewater sources (e. g coolmg towers,
boilers, floor drains) ..

In-plant flow records and water usage
Chemical inventories.and usage records
Chemical labels, ‘MSDS, and toxicity
information

Operating schedules w1th emphasrs on how
these schedules affect wastewater
flow/composition

WWTP operational data.and hlstones
Wastewater monitoring records (chemical
and toxrcxty)

__...__.—————l
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Industnal facxltttes should 1dent1fy and- regulate all p0551ble contnbutrons to the wastewater
systems, including floor drains. Unwanted materials may have been added to the system without
the wastewater staff's knowledge Inaddition to the obvious process waste streams, side streams
such as cooling tower dxscharge boiler blowdown, or airwash discharges should also be reviewed .
for the presence of toxic chemicals. Additional useful aquatic toxicity information is available for
some of the commonly used biocidal compounds used in treatments of, for example, cooling -
water discharges. Many MSDSs (materral safety data sheets) now include toxicity data using
daphnids or fathead minnows, such as are used for compliance testing, instead of data gathered
using bluegills. MSDS data using daphnids instead of blue gills are more appropriate since
compliance with WET ltmtts and condltlons 1S oenerally determmed using a more sensitive specnes
than bluegills.

POTWs should i 1nvest1gate the toxrcrty of added treatment chemrcals and should attempt to
correlate effluent toxicity and use records of such chemrcals .North Carolina's Department of
Environment, Health and Natural Resources (DEHN R) has found the two most common causes.
of eﬁluent tox1c1ty to be chlonne and ammoma

GOOD HOUSEKEEPING/BEST MANAGEMENT PRACTICES (BMPs) ,

Waste treatment eﬁicrency must be maxrmtzed in order that it does not become another vanable in
the TRE process. ‘The objective of this step is to identify plant practices and operations which
may directly or indirectly affect effluent quallty The effort requtred to perform the housekeepmg
evaluation wxll vary among facilities.

TREATMENT PLANT OPTIMIZATION

After mformatlon'gathenng, emphasrs should be placed on maximizing in-house treatment
efficiency and assuring that housekeeping practices are not contributing unnecessarily to final -
effluent toxicity. The objective of this stage is to assure that the existing wastewater treatment
system is operatmg in optlmal fashion with respect to its design parameters.- - This will maximize
the probability that toxicity will be removed. In some cases, the plant was not designed to remove
the constttuents causmg toxxctty It is-important to document the plant desngn mformatton

This' descnptton should mclude the specific treatment units and how they are lmked desrgn
capacity and loading rates, and what the plant was intended to treat. In the study plan, specific
sources of information or methods for obtaining the information should be identified. -Details of
the analysis procedure and desngn performance criteria.should be in the plan. Methods for
identification and implementation of corrective actions, if needed, should also be discussed in as
much detail as possible. .Should corrective actions be 1mplemented a follow-up and conﬁnnanon
study would need to be performed

4-6
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CHEMICAL OPTIMIZATION
Chémical Opttmnzatlon is a process that can be performed in conjunctlon with the housekeepmg
and treatment plant optimization parts of the TRE. The goal of this process is to identify simple
solutions to toxicity problems by evaluating and possrbly modifying chemical use at the facility.
For POTWs, excess variation in.chlorination and over-chlorination should be high on the list as
potential toxicity problems One POTW in Cahforma found that they had been over—dosmg
' sodlum blsulﬂte in their dechlonnatlon program.

EPA's TSD mcludes a list of evaluatlon criteria for TRE plans that could be helpﬁJl in desxgmng
or evaluatmg a plan submltted by a consultant The list is.as follows:

- Are the objectrves or targets of the TRE stated clearly and accurately?

-- Are the final TRE report, progress reports, and meetmgs w1th the. regulatory
authonty included as part of the schedule?

- " Arethe approaches or methods to be used descnbed to the extent possrble pnor to
beginning the TRE?

-- Has available EPA guidance been used in desrgmng the TRE and developmg the
TRE plan (or if other methods are proposed have they been sufficiently
: documented”)

-- Does the TRE plan specify what results and data are to. be mcluded in the interim.
and final reports?

-- ° Does the TRE plan provide for arrangements for any inspections or visits to the
facility or laboratory that are determmed to be necessary by the penmttmg
authority?

-- . Arethe toxrcnty test methods and endpomts to be used descnbed or referenced‘7

-- Does the approach descnbed build on previous results and proceed by. narrowmg
down the possibilities in a logxcal progressron”

-- Does the plan provide for all test results to be analyzed and used to focus on the
most effective approach for any subsequent source mvestrgatrons treatabrlrty
studies, and control evaluations?

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

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

-- 'Does the TIE use broad charactenzanon steps and consxder quantxtatlve effluént
variability”:

-- Is toxicity tracked w1th aquatic orgamsm tOXlClty tests throughout the analyses')

- Is the choice of tests for the TRE logrcal and will correlations be conducted if the
specnes used are dlﬁ'erent from those used For blomomtonng‘7

4-7
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- Is the laboratory analytrcal capablhty and the expertlse of the | mvestrgator broad
enough to conduct the various. components ofthe evaluatron°

In summary, the overall goal of a TRE s to reduce or ehmmate the observed toxxcrty in an
effluent. At the same time, the permitting. authonty should encourage the use of the most efficient
means of attaining this goal so that unnecessary tests and costs are not incurred. Requiring the
plan to be developed prior to ﬁndmg unacceptable toxxcxty will help both the permlttee and the
perrmttmg authonty

TOXICITY IDENTIFICATION EVALUATIONS (TIEs)
Overvnew

In the suggested perm1t language mcluded as Appendlx A, accelerated monitoring is mmated
upon exceedance of the WET limit (such as a daily maximum, monthly average; or monithly
median) or other trigger. If implementation of the generic workplan locates the source of the
tox1c1ty (for example, a plant upset), then only one further test, to show that the toxicity is gone, -
is necessary. Otherwise, the accelerated monitoring program must continue. ' EPA Regions 9
and 10 recommend that six bi-weekly tests be conducted over twelve weeks. ‘These follow- - =
up tests are not used to confirm toxicity, but to establish the presence of consistent toxicity. If
toxicity is detected in any of the follow-up' WET tests, then the facility must begin a toxicity
identification evaluation (TIE) to-determine the cause of the toxicity. If toxicity is detected in any
of the tests prior to the sixth one, the remammg tests do not need to be completed before starting .
the TIE.

The goal ofa TIE is to 1dent1fy the toxlcant(s) causing toxlcny in an efﬂuent EPA methods use -
the. responses of organisms.to detect the presence of toxicity in the first stages of a TIE. There
are two main objectlves in the first step of this approach. First, charactensttcs of the potential
toxicants, such as solubility or volatility, must be established. Then they can be separated from
other non-toxic constituents to simplify analyses and enhance: interpretation of the analyttcal data.
Secondly, throughout the TIE, one must establish whether or not toxxcrty 1s consxstently caused
by the same substances

The EPA manuals descnbe three phases of aTIE: characterlzatlon ( Phase 1 ), toxicant
identification (Phase II), and toxicant confirmation (Phase III). thure 4.2 is a flowchart showing
Tiers 3-6 of the TRE process. The purpose of this section is to summarize the general tests of a
Phase I TIE and to help a permit writer begin analyzmg TIE plans or the mmal results of TIE
studtes subrmtted to’ the permxttmg agency.

4-8
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‘Toxicity Identlﬁcatlon Evaluation (TIE)

. Tiler 3
Toxxcxly Trearabxluy Approach ) Causanva AgantApproach

v

S : . S . Source N .
N L . _ Ideatification | P Tler 4
B : . : . L Evaluation . .

2 i B Evaluation of
Evaluation of . Toxicity Reduction ] Source Control/

Treating Final Effluent | Method Evaluation Treating Process ' Tier 5
Streamas

L‘ Sclection and Method Implementation - J

Follow up and ' L Thr 6
Confirmation B ‘ ,

Figure 4 2 Toxlclty ldentlﬁcatlon Evaluation (TlE) Flowchart

e

The permit writer should consult the manuals themselves for more in-depth discussions of the test
- manipulations and interpretation of results. Phase I tests characterize the physxcaVchemxcal
properties of the effluent toxicant(s) using effluent manipulations and accompanying toxicity tests.
Each test in Phase | is designed to alter or render biologically unavailable a group of toxicants
such as oxidants, cationic metals, volatiles, non-polar organics or chelatable metals. Aquatic
toxicity tests, performed on the effluent before and after the individual characterization treatment,
indicate the effectiveness of the treatment and provnde information on the nature of the
toxxcant(s)
By repeatmg the toxicity characterization tests using samiples collected over time, these screening
tests will provide information as to whether the characteristics of these compounds causing
tox1c1ty remain consistent. However, these tests will not provide information on the variability of
toxicarnits within a characterization group. Categorizing the toxicants classes during Phase I as to
chemical and physical properties can lead to further identification during Phase II using similar
techniques. With successful completion of Phase [, the toxicants can be tentatively categorized
as

. cationic metals
. non-polar organics
. oxidants

A%
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. substances whose toxicity is /)H-dependenl
« . others ~ :

" The physrcal/chemrcal characterlstlcs of the toxicants that are evaluated rnclude ﬁlterabtlrty, ,
~ degradability, volatility and solubility. One of two chorces can result from Phase II of testmg, Le.,
treatabrhty or toxrcant 1dent1ﬁcatron ‘ : N IS

Phase 1 mvolves several steps all of Wthh rely on carefully trackmg the toxrcrty of the eﬁ]uen«:
*_throughout the analytical procedure. Although effluent toxicants are partially isolated during
Phase I, further separation from other compounds present in the effluent is usually necessary.
Phase II procedures, unlike Phase I procedures wrll be toxicant-specific, rather than srmply
1solat1ng classes of compounds

Once the toxicants have been adequately
Phase [ Identrﬁes

1solated from other compounds in the

effluent and tentatively identified as the, -~ . Non polar organics
causative agents, final confirmation (Phase
III) can begin.- As in Phase [, Phase IIl tests S 'EDTA-Chelatable metals
use methods generic to all toxicants. Asa

.« ,Ammoma
result of this, no single test provides
irrefutable proof that a certain chemical is - e Surfactants

the cause of the toxicity. In'this case, the

combined results of the confirmation tests 41 Major Phase Il analyses

are used to provide the"weight of evidence".

that the toxicant has been identified. TIEs requrre that toxicity be present frequently enough and
be persrstent (i.e., not rapidly degraded in storage) so that repeated testing can characterize, and -
subsequently identify and confirm the toxicants in Phases [ and II.” Therefore, sufficient testing
must be done in order to.assure consistent: presence of toxicity before TIEs are initiated. No
minimum amount of toxicity needed to perform a TIE has been estabhshed However, low levels
of toxicity may require more time and analyses to identify the cause of toxicity.
—

'TIEs

oL Must be conducted on treated efﬂuent

. Must contaln sufﬁcxent testlng to establush the frequency and persrstence of toncrty

. Must be conducted by multi dlsmplmary teams whose members mteract daily

4.2 Components of a successful TIE

4-10
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; Phas,e I Interpretation of Results

'Nme categones oftoxxcnty tests must be conducted to complete Phase I ofa TIE These are:

. initial toxicity test, baseline test, pH adjustment test, pH adjustment/ﬁltratxon test, pH
“adjustment/aeration tests, pH adjustment and Cj; solid phase extraction (SPE) test, EDTA

- addition test, sodium thiosulfate addition test, and graduated pH test. No Phase I characterization -
test should be dropped from use on the basis that the toxicants it is designed to target are not '

- likely to be present in the-effluent. The i mvestlgator should approach effluent characterization

~ without a preconcenved notion as to the cause of toxicity. On the other hand, if one only wants to

" know whether a certain chemical is the toxicant, for example, ammonia, then the tests can be
‘selected to accomplish that goal. It is also important to realize that the analysis scheme can be
~designed in order to 1mphcate a certain.toxicant. The choice may be based on the laboratory's
expertise in conductmg TIEs or whether or not criteria exist for a certain pollutant. For example
some facilities may not have limits. for toxicants, such as-ammonia, because there is no criterion | :
for it. These facilities may find that ammonia is a cause of toxicity and erroneously conclude that -
no further work is necéssary, because there are no limits for ammonia. In cases such as these, the
study should conclusively show that ammonia, etc. is the overriding cause of toxicity. The facility
would still be under the oblx5atlon to reduce its tomcnty in order to comply with the WET llmlt or
requxrement . : o -

Followmg are various examples of Phase [ results that may be expected for certain categories of
pollutants. These should only be used as guides and not as definitive diagnostic characteristics.
The EPA manuals advocate using a welght of ev1dence approach while bemg aware that amfacts
at this point cannot always be identified.

—
Indicators of Non-Polar Toxicants

Non-polar organic toxicants

All toxicity in the post-C,, SPE Toxicants other than non-polar organic compounds
column effluent was removed such as metals, may be retained by the SPE column, but
they are less likely to be eluted sharply. Some toxicants
L’gﬁ:’:’:d"’:;em";%e;&ﬁ' (types of surfactants) may not elute from the SPE
elution of the SPE column column with methanol.  Thus, the failure to recover
toxicity in the eluent does not exclude the posmbxlxty of

— -a.non-polar orgamc tox1cant
43 Non Polar Toxicants Indlcators

Total Dissolved Sohds (TDS)

A group of common cations and anions (Ca*>*, Mg**, Na', K*,'SO,’, NO;’, CI', CO,") comprise
TDS. In some parts of the United States, this water quality characteristic. is called "salinity".
TDS is usually measured by conductivity, density, or refraction, none of which measure specific

: | 411
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compounds orions. The toxrcrty of any given amount of TDS will depend on.the specrﬁc ionic
composition. TDS behaves like a mixture of toxicants which do not cause toxicity through
osmotic stress. Evidence of this is that the LCS0s of the individual salts expressed in moles, are
quite drﬁ‘erent If osmotic stress were the mode of action, the concentratron in moles at the
LC50s would be similar. In addition, marine organisms cannot be used to eliminate the TDS
effect unless NaCl is by far the dominant salt. Like freshwater organisms, marine orgamsms
regulate Na -and CI', but are sensitive to non- -NaCl TDS.

F or these reasons only very general relatronshlps exist between toxicity and TDS salts. Because®

of their different propertres they do not sort out clearly in Phase I. Unless conductrvrty 1S very .

high (e. g., 10,000 umhos/cm) TDS might be suspected only when nothmg else is indicated. For
example, if high. TDS were caused by calcium sulfate (CaSO, ), toxicity is likely to be removed by

the adjustment to pH 11 or certainly by the pH 11 adjustment/filtration manipulation. 1f the TDS
were due to NaCl, toxicity would likely not be affected. (For chromc tests. the appropnate pH to -
look at would be pH 10.)

As a general gurde when conductrvrty exceeds 3 000 and 6,000 umhos/cm at the LC50 for
Cerzodaphma and fathead minnows, respectively (for. chronic tests, 1,000 and 3,000 umhos/cm)

at the effect concentration, TDS toxicity could be considered. It should be noted that the relevant -
reading is the conductivity.at the concentrations bracketing the effluent LC50, not the

conductivity at 100 percent effluent. For chronic tests; the relevant reading for the conductivity is
bracketed between the no effect and the lowest observed effect concentrations. The following

table summarizes some of the Phase I tests indicators for TDS toxicants

TABLE 4.2. PHASE I INDICATORS OF TDS TOXICITY

Select Phase I general mdlcators that TDS isa suspect

No pH adjustments changed the toxicity, unless a vrsrble precipitate occurs upon pH
adjustment pH adjustment/ﬁltranon and pH adjustment/aeratron

No loss of tOXlClty in the post Cis column efﬂuent ora partral loss of toxrc1ty with no change
m conductivity reading.

No change in toxlcxtz with EDTA addm ns thlosulfate addmons or in the graduated EH test.

In addltlon, two tests not mcluded in Phase I but whlch are dlscussed in the Phase I manuals can
be used. These are the use of an acid/base ion exchange test:and an activated carbon filter. With
the use of an acid/base ion exchange resin, if toxicity is removed or reduced, the toxicity could be
due to TDS. If an activated carbon filter is used to remove toxicity, and if no toxxcrty is removed
by passing the efﬂuent over the carbon TDS could be responsrble for toxrcrty Where TDS is
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marginally high, the conductxvxty ofthe solutions should be momtored closely before and after pH
adJustment to avoid producmg artifactual TDS toxncxty

Surfactants ' o I o

Surfactants are surface active agents that have a molecular structure that includes a polar,

- hydrophilic segment (either ionic or non-ionic) and a relatively large, non-polar hydrophobic,

hydrocarbon segment. -There are three main groups of surfactants and/or flocculants (anionic,
~ .cationic, and non-ionic) that may occur in efﬂuents The followmg table summanzes potentlal

. 'mdlcators of surfactant tox1c1ty ‘

TABLE 4.3. IN DICATORS OF SURFACTANT TOXICITY

General Phase | results lmphcatmg surfactants as the toxlcants

Toxicity is reduced or removed in the ﬁltratlon test

Toxrcnty 1S reduced or removed by the aeratlon test. In some cases, the- tox1c1ty is recoverable :
Il from the walls of the aeration vessel after removing the aerated efﬂuent sample.

Toxtcny is reduced or removed in the post C,; SPE column test usmg unfiltered effluent.
Toxicity reductron/removal is similar to that observed in the filtration test and toxicity may. or
may not be recovered in the methanol eluate test or the extractlon of the glass fiber filter.

Toxxcxty degrades over txme as the effluent sample is kept in cold storage (4 °C). Degradatton
is slower when eﬁluent is stored in glass containers rather than plastlc container.

P

Ammoma
Indicators of Ammonia Toxicity

Ammoma concentrations ¢an be measured The concentratlon of total ammoma is5

easily.’ Since it is such a common effluent * mg/L or more

constltuent deterrmmng the total ammonia

concentration is a recommended first step. 1f inthe graduated pH test, the tox'c'ty
increases as the pH increases-

more than 5 mg/L of total ammonia is present, - . - : : ;

-additional evaluations should: be conducted. The effluent is more toxic to fathead:

Sole dependence upon chemical analyses is minnows than to Ceriodaphnia

not advisable because the chronic. (and acute)

affects of ammonia and ammonia in.

combination with some other toxtcants (e 5 .

surfactants), are not well known. Even though the ammonia concentration is sufﬁcxent to cause

toxncrty other chemicals may be present to cause toxicity if the ammonia is removed

4.4 Ammonia toxicity indicators

7
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?

Oudants o . e ——

Indicators of Oxrdant Toxncnty

In effluents, oxidants other than Toxicity is reduced/removed by the sodium thlosulfate test
chlorine may be present

Measurement of a chlorine : Toxicity is reduced/removed in the aerat|on test

residual (TRC) is not enough to
conclude that the toxicity is due
to an oxidant.

The sample is less toxic over time when held at4- C and the
type of contamer does not-affect toxrcuty

Cerrodaphn/a are more sensrtrve than fathead mlnnows
However, TRC greater than 0. 1
mg/L in 100 percent effluent . . 4.5 Indrcators of oxidant t0xictty
might indicate chlorine as an
oxidant causing the toxicity. In addition, the dechlormatron wrth SO, provrdes addmonal
ev1dence of chlorine toxrcrty in the same, mariner as the sodlum thlosulfate addmon test

Catlomc Metals
Cattonlc Metals lndlcators

No smgle charactenstlc is deﬁmtwe w:th the Tox,c,ty is reduced/removed in-
possible exception of EDTA. In addition,

toxicity may be pH sensitive in the range at : EDTA addition test
which-the graduated pH test is performed
but may become more or less toxic at low
or high pH depending upon the particular the filtration test, especially when pH
metals involved. This characteristic for’ - adjustments and filtration are combined
chronic toxicity, though, has not yet been
demonstrated.to the extent it has been for

the acute toxicity of several metals. 4.6 These test results indicate the presence of
catlomc metals toxicants

post C,, SPE columntest = A

Erratic dose response curve observed
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TABLE 4.4. SUMMARY OF PHASE | TOXICITY CHARACTERIZATION
: PROCEDURES )

TREATMENT- t_

COMPOUNDS DELETED

| pH adjustment

| acrds bases metals

‘Aeration

volatxle/oxndxzable compgunds

Filtration

ﬁlterable matenal

1l (SPE)/elution

" C,q solid phase extraction -

nonpolar orgamcs (NPOs) and metal chelates™

Oxidant reductions’

disinfection compo'undS bromine iodine,

EDTA chelation o

manganous 10ns, electrophrle orgamc chemxcals.

] catlomc metals

|l Graduated pH
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CHAPTER 5. ENFORCEMENT GUIDELINES FOR WET VIOLATIONS

OVERVIEW

The followmg discussion provides gurdance on determmmg appropnate enforcement responses to
violations of WET limits and conditions. - This guidance incorporates the two main goals of the
NPDES Compllance and Enforcement Program which'are (1) to compel or require the perrmttee
to expedmously achieve and maintain’ compllance and (2) to serve as a deterrent

In a joint memorandum 1ssued by EPA Headquarters Oﬁlces of Regulatory Enforcement and
Wastewater Management on August 22, 1995, EPA clarified National policy with regard to the
two most common issues raised by the regulated community involving the enforcement of" WET
requnrements in NPDES permits: 1):single exceedances of WET limits, and 2) mconcluswe
toxrcxty reductlon evaluanons (TREs)

Section JOO(a) of the Clean Water Act (CWA) states that any vrolatron of a perrmt condition or
limitation is subject to entorcement Through EPA’s “Enforcement Management System (EMS)
gundance the EPA Regional or State enforcement authority is encouraged to initiate an
appropriate enforcement response to all permit violations. EPA's overall approach to
enforcement applies to all parameters, including WET. Onice a facility has been identified as
having an apparent permit violation(s), the permlttmg authonty reviews all available data on the
seriousness of the violation, the compliance history of the facility,: and other relevant facts to -
determine whether to initiate an enforcement action and the type of action that is appropriate.
The EMS recommends an escalatmg response to continuing violations of any parameter.
Regions 9 and 10's enforcement guldance follows the EMS.

EPA does not recommend that the initial response toa smgle exceedance ofa WET lrmrt causmg
no known harm, be a formal enforcement action with a civil penalty. The regulated community
has expressed concern about the potential for third party lawsuits for single exceedances of WET
Citizens cannot sue a _permittee on the basis of a single v1olatron of a permit limit. Under section
505(a) of the CWA, citizens are allowed to take a civil action against anyone who is alleged to

“be in violation” of any standard or limit under the CWA. In Gwaltney of Smithfield, Ltd..v.
Chesapeake Bay Foundatlon, Inc., 484 U.S. 49, 1008 S. Ct. 376, 98 L Ed. 2d 306 (1987) the "
Supreme Court held that the most- natural readmg of “to be in violation” is “a requirement that
citizen-plaintiffs allege a state of either continuous or mtermrttent v1olat|on--that is, a likelihood
that a past polluter will contmue to pollute in the future.”

In the case of mconcluswe TREs EPA recommends that solutiqns in these cases be pursued
Jointly with expertise from EPA and/or the States as well as the permittee. Solutions may involve
special téchnical evaluation, as well as relief of civil penaltles EPA Headquarters has committed
to providing support in “highly unusual cases” and is‘in the process of determmmg the number of
facrlmes natlonw1de that ﬁt in the category.
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The prlmary corrective action requlred for wolatrons of WET llmltS s completlon of a, including,
if necessary, a Toxicity Identification Evaluation (TIE).. This requnrement is being incorporated
into the Regions' NPDES permits. The permit language addressed in this guldance contains
provisions requiring-the permittee to: implement the generic TRE plan; increase the testing:
frequency following a violation if necessary; and, if also necessary, initiate a facility-specific TRE -
and a TIE following additional violations during the accelerated monitoring period. The ‘permits
require permittees to develop and submrt a genenc TRE workplan within 90 days of permlt
issuance.

Table 3. 1 summanzes the Reglons WET enforcement ‘guidance. The followmg sections dlSCUSS
the types of noncompliance and the’ approprrate enforcement responses in-more detail.
Appropriate EPA or State laws, policy and enforcement personnel must be consulted pnor to a
deterrmnatlon of noncompllance or mmatron of enforcement actrons

TYPES OF NONCOMPLIANCE v S

Noncompllance wrth the. NPDES penmt and the Clean Water Act (CWA) mcludes

(a)
(b)
()

(d)

(e)
®

v1olatlon of the numenc WET permit hmlts
faxlure, _to conduct WET tests

faxlure to provrde valld test results (i.e., meet all test acceptabllrty crrtena) or otherwise -
comply with the permit's test and quallty assurance procedures, including fatlure to re-test .
w1th1n 14 days followmg the fallure to meet test acceptablhty criteria,

failiire. to comply with any other WET NPDES permlt condmons mcludmg the condmons
requxnng

(D) an increase in the testing frequency followmg a violation
) initiation of a TRE within 15 days of a violation;
3) initiation of a TIE following a subsequent vrolatxon dunng the accelerated

‘monitoring period; o
(4)  submittal of a generic TRE work plan w1thm 90 days of perrmt issuance;
(5) : mmal screemng, or annual re-screemng, for the most sensitive specles
fa.tlure to comply wnth the perrmt s reportmg requtrements and,

faxlure to. comply with the terms and condmons of an Admmxstrati'\?e Order (AO)
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x
i

-

TYPES OF ENFORCEMENT ACTIONS

In ascending order of severity, the enforcement actions available to EPA include Notice of
Violations (NOVs) and Administrative Orders for Compliance (AOs)l Administrative Penalty -
Orders (APOs), Civil Referral/nganon and criminal prosecution. Similar State actions are
available to each delegated State. Determination of the appropriate enforcement response for
WET violations will be based on the same factors used to determine the appropnate response for
chemical-based violations, that is, the need to compel or expedite a discharger's return to
compliance, and the deterrent value of a partlcular enforcement response EPA/State should
consrder such factors as:

(a) the duratlon of noncompliance or number of violations
(b) - the seventy or significance of the violations, and the resultant environmental harm,

©) the cause or source of the vrolatlons and a drscharger s degree of control over the
causative agent of toxrcxty

(d) a dts,charger s-history of vrolattons/recal'citrance',and g U -

N

(e) .~ the economic benefit gained from noncompliance.
Notice of Vlolation' and AdmmnstratlvevOrder l‘or Complmnce

An AO orits equrvalent rssued in conjunction wnth an NOV should require the permittee to
comply with WET limits and conditions by specnﬁed dates. Required compliance with most
narrative permit conditions should be immediate. The AO should “specify the required-corrective
actions, orrequire the permittee to develop, submit for approval, and implement a corrective
action plan.. Generally, EPA/State should issue an NOV/AO or the equwalent under the following
scenarios:

(a) - a dtscharger fatled to conduct the requlred WET tests on.one or more occasions;

(b) aﬁer a WET llmlt vrolatron a drscharger fanled to initiate a TRE and/or TIE or
falled to increase the testmg frequency;

' EPA Regton 9 generally issues an AO along w:th all NOVs (w1th the exceptton of NOVs
issued to Federal Facilities). Other EPA Reglons and States may issue NOVs without an
accompanymg AO
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(c)

(d)

(e)

®

(8)
(h)

a dlscharger failed to comply w1th any narrative WET permit. condmon on one or
more occasions mcludlnr;, ; conditions addressing reporting requlrements species
screening requrrements or submrttal ofa TRE workplan

a dlscharger failed to provlde valrd test results, or othervwse failed to comply with
permit conditions regarding test procedures or quality assurance, mcludmg the .
requirement to re-test within 14 days followrng the failure to meet test
acceptabtllty criteria;’ .

a dlscharger s TRE eﬁ"orts are madequate the correctwe actions are madequate or
the time’ frames for. completmg corrective: actlons are unacceptable

a dlscharger may need some addrtlonal mcenttve to complete the necessary .
corrective actions (€.g., when corrective actions require long construction
schedules, or are expenswe or a discharger has a hlstory of recalcntrance)

e

WET v10latlons resulted in documented envrronmental 1mpacts and

the dtscharger has not eliminated or reduced the tox1c1ty wuthm a reasonable - ST
amount of time;'and the v101at|ons are ongomg, whether contmuously or-
sporadically.

g

Admmlstratlve Penalty.Order

Issuance of an APO would be appropnate if the permlttee has demonstrated recalcxtrance if
violations have continued over an. extended time period or have repeatedly reoccurred; if the: -
violations are especially serious; or if. the violations could have reasonably been’ avonded APOs

only penalize permittees for past violations. Therefore, if additional corrective action is necessary,

an AO should also be issued, or a civil referral should be considered. EPA/State should consider  :
issuing an APO or ltS equtvalent for the followmg sntuatxons

(a)

®)

a dtscharger fatled to mmate a TRE and/or TIE or failed to-increase the testmg
ﬁ'equency, on several occasnons or aﬁer an. extended period of noncomphance
a dtscharger repeatedly falled to comply with any narratxve WET condmon or
repeatedly failed to prov1de valid test results

2 - In most cases an AO would be 1ssued if technical assnstance by EPA or the State does not .

resolve the problems
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(c) a discharger repeatedly failed to conduct WET tests

(d) - the WET limit violation(s) was caused by negligence, poor O&M practices, a
poor pretreatment program, or other circumstances within the control’ of the
discharger whrch could have reasonably been avoided;

(e) the WET v1olat10n(s) resulted in, or contnbuted to, srgmﬁcant adverse
envrronmental 1mpacts

(f) the dts_charger gamed, srgmﬁcant economic benefit from noncomphance

(g) - the dlscharger demonstrated recalcrtrance in mmatmg or completmg correcttve
actions; and

(hy the penalty calculatron whrch is based on economrc beneﬁt and gravxty, is less than -
$175 000

A
3

Civil Referral ‘ : : e

A civil referral is appropnate under circumstances srmrlar to an APO but where the severity of

violations or degree of recalcitrance is greater; additional corréctive actions are required; or the

economic benefit derived from noncomphance is greater. EPA and the State should consrder a

ClVll referral in response to the followmg O o |

(a) & dtscharger s repeated failure to conduct a TRE or increase the testing’ frequency

during an extended period of noncomphance or recumng periods of
noncompliance despite prevrous enforcement actxons or other dtrectton from EPA
or the State; !

(b) a drscharger s repe_ated failure to conduct a TRE in an aggressive or good faith
manner, or to otherwise eliminate or reduce toxicity;

(c) a discharger's failure to adequately comply with an AO

Certain types of neghgence may be dealt with more appropnately through criminal
prosecution. ‘These cases should be referred to EPA's Criminal Investtgatlons Division, or
to the appropriate State Agency.

\
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) Sttuattons where extensive corrective action is requxred especrally extensive
construction, ‘or where a dlscharser may ‘need extra incentive to complete
- corrective actions due to time, cost or potenttal recalcitrance,

. (e) - situations where correctlve actions are costlv and allowed the, permxttee to galn
' srgmﬁcant economrc benetlt l’rom delayed compllance

(t)' 51tuattons where the v1olat10ns resulted in or contrtbuted to srgntﬁcant
envnronmental 1mpacts and ' S :

(g_)‘ ~the penalty calculatron based ‘on economic beneﬁt and gravity, exceeds $125 ,000

\

Crlmmal Prosecutlon b

For wﬂlﬁJl knowmg, or negllgent violations of the NPDES permit or CWA the permittee can 1be
subject to criminal penalttes These cases should be referred to the Criminal Investigations
“Division of EPA, or the. approprtate State office. -

. WHEN TO TAKE ENFORCEMENT ACTION

~1In companson to chemical-based efﬂuent vrolattons it can be more dtff cult to tdentlfy the
causative agents of WET violations and to isolate the sources.of toxicity. In addition, once the

toxic agents and sources are identified, it can be more difficult to control these sources, especially

without costly technologlcal solutions. This is especially true for municipal treatment facilities

. where the public, commercial establishments and industry can all contribute to toxicity. Although
 these factors should not deter EPA or the State from taking enforcement action, they should be
considered when assessing the appropnate enforcement response and detenmnmg reasonable
compliance dates.

Vlolatlon of N um_erlc'WET'leltatlons

In general EPA or.the State should not take enforcement action followmg a violation of WET
limitations if the discharger adequately complles with its NPDES permit requirements for -
accelerating testing and conducting a TRE: Enforcement action ‘would be appropriate if the -
permittee failed to aggresswely conduct a TRE or was otherwrse recalcitrant in addressing the
tox1c1ty
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Exceptlons to thns general gundelme include situations where the WET v1olanon(s) are oflarge
magnitude, or contributed to significant environmental impacts:* the permittee may need '
additional incentive to complete corrective actions idéntified by the TRE; the permittee failed to
eliminate/reduce toxicity within a reasonable time frame; or, the WET violations were caused by
circumstances within the control of the discharger and ¢ould havebeen reasonably avoided. In
cases like these, EPA/State should consxder enforcement actlon even if the perrmttee did initiate a
tlmely TRE

lnvahd Tes_t Results

When a permittee is expenencmg diffi culty in meetmg test acceptablhty criteria, EPA/States initial
response should be technical assistance (provided the permittee is makmg a good faith effort). If
this’ proves unsuccessful, or the permittee is not makmg a good faith effort, EPA/State should
then consider enforcement action. The initial enforcemient action will typically be a Notice of
Violation and Administrative Order (NOV/AQ), orits equivalent, which would require the
permlttee to take appropriate measures to ensure the tests are properly conducted, such as ﬁndmg
a contract lab that i is able to conduct the tests. In addition, if the’ permittee fails to re-test within
14 days following one or more fallures to meet test acceptablhty criteria, EPA/State should issue

an enforcement order . o - -

Noncompllance With Other Narratlve WET Permlt Condltlons

A permittee's fanlure to comply ‘with any other narrative WET permlt condition, such as the
requirement to develop a TRE workplan, screen for the most sensitive species, or comply with
reporting requirements, should also result in enforcement action. Initially, EPA or the State
should issue an NOV/AO (or its equivalent) which requires immediate compliance.. An exception
could be made for first time or infrequent offenders who generally appear to be acting in good
faith. In these cases; EPA/State could resolve i issues of noncomphance through a verbal notice of
v1olatxon ora sumple wntten NOV wnthout an AO.

-\m'moma Toxlclty

Due to the high capital costs assocnated with ammonia removal enforcement actlons based on
ammonia toxicity can be controversial, especially in those cases where the facility is in compliance
with chemical-based limits. It is EPA's national policy that WET violations caused by ammonia be
treated in the same manner as WET violations caused by other tdxics. As aresult, corrective
actions may be necessary based solely on ammonia toxicity. However prior to requiring such

) In this case, there will probably be violations of chemical-based effluent limits as well
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potenttally costly corrective actions, EPA or the State should ﬁrst assist the permrttee in pursumg
all other possible solutlons such as mxxmg zones.

Total ammonia isa compound frequently present m munrcrpal and mdustnal efﬂuents [ts tox1c1ty
varies with pH, temperature and dissolved oxygen concentrations. . The toxicity of total ammonia
can increase by an order of magnitude between pH 7 and pH 9 [EPA 1985]. Ammonia acts as a
basic compound in water. Total ammonia is measured in effluent and receiving water samples
where toxrcrty is largely contributed by un-ionized ammonia. The concentration of un-ionized
(free) ammonia in a sample'is a functron oftemperature and pH. and at normal pH ranges is only a.
small fraction of the total ammonia present..

Since pH and temperature have an mﬂuence on ammonia toxicity, it may be i rmportant to consider”
the impact of these factors on toxicity test results. During testing, the pH of effluent samples may
increase by 1 to 2 units. If ammonia is present in sufficient concentrations, an increase in pH may
convert a sufficient amount of the ammoma to the un-ionized form that causesa toxic response.
This shift in pH and toxic response may not mimic ambient conditions. - Thus it may be 1mportant
to control test conditions so as to avoid creating artifactual tOXlClty ‘As temperature also affects -
dissociation of ammonia, temperature should be held constant durmg testmg as specified in the
test method procedures.

The dlscharger must demonstrate the effluent toxicity is caused by ammonia because of i mcreasmg
test pH when conducting the toxicity test. [t is important to distinguish the potential toxic effects =
of ammonia from other pH sensitive chemicals, such as certain heavy metals, sulfide and cyanide.
The followtng may be steps to demonstrate the toxicity is caused by ammonia and not other -
toxlcants before the perrmttmg authonty would allow to control for pH in the test.-

(1) There is consistent toxrcrty at the lWC and the maxtmum pH in the toxlctty test are
m the range to cause toxrcrty due to increased pH. |

(2) . Chronic ammonia concentrations at the IwC are greater than 4 mg/L total
ammonia. The level of detection for total ammonia generally need not be below
0.5 - 1.0 mg/L, since concentrations < 1.0 mg/L of total ammonia have not been -
found to be toxic to fathead minnows and Ceriodaphnia dubia.” Acute ammonia -
LCS50 values of 3 mg/L and. 1 mg/L for Cerrodaphma dubra and fathead minnows,
respectwely, at pH 8 O Then

3) Conduct the graduated pH tests as specrﬁed ih the toxicity ldentlﬁcatton evaluatron
methods. For example, mortality should be higher at pH3S and lower at pH 6
[EPA l989a, l989b l989c 1991a, l99lb]
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{

(4)  Treat the effluent with a zeolrte column to remove ammonia. Mortality in the
zeolite treated effluent should be lower than the non- zeolite treated effluent. Then
- add ammonia back to the zeolrte treated samples to confirm toxtcxty dueto -
’ammoma - :
Aﬁer it ‘as been demonstrated that toxicity is due to ammonia, pH may be controlled usmg
: appropnate procedures which do not significantly alter- the nature of the effluent with permission
from the permitting authority. Note: This is an appropriate procedure that is not in conflict-with
Part 136 regulations. For example, any procedure which removes ammonia (such as treatment
with zeolite) would not routinely be allowable Controlling the carbon dioxide (COZ) environment
may be acceptable, if carbon dlox1de can be delivered directly into test chambers with airline -
tubing and a pipette or by using a complex solenoid system (on demand only). Thé use of CO, i |s
the preferable method because less alternation of normal test solution chemistry and use of a
natural buffer system to achieve pH control [Mount D.R. and D.1. Mount, 1992]. Another
. alternative is to maintain a closed carbon dioxide environment, delivering a solution of COZ in
oxygen to the closed system.' The amount of CO, required will vary dependlng on the amount of
adjustment needed and the buffering, capacrty of the effluent. :

3 _TotalDlssolvedSohds(TDS) . f o o

TDS is a measure of the drssolved orgamc and i morgamc constrtuents in a sample. In most cases
the biggest contributors to TDS are the major ions: sodium, potassium, calcium, magnesium,
chlorlde sulfate-and bicarbonate. For toxicity caused by TDS, the ratros and concentratlons of
the major catlons and anions can be measured analytrcally ’ :

The effects of TDS on test organisms may be toxic at certain levels. However, a simple
measurement of TDS is inadequate to predict broloorcal impacts. The distribution of ions which-.

. make up-TDS is of critical importance. To predict impacts, it is necessary to thoroughly ,
‘characterize the ions in a sample: Once this charactenzatlon has been carried out, a model like the

Salinity/Toxicity Relationship (STR) model can be used to predict toxicity. Also, conductmg

supplemental testing with a “mock” effluent (laboratory water reconstltuted to the same ion

concentratxons) is'an rmportant conﬁrmatron step.

Research conducted to charactenze the toxicity of common ions to freshwater organisms has
resulted in the development of predictive toxicity models (FW STR) for three freshwater species:
Ceriodaphnia dubia, Pimephales promelas, and Daphnia magha [Tietge, et al., 1995]. These
freshwater models, used in conjunction with toxicity identification evaluation phase I procedures
offer, a’ powerful combination of techmques to dtscnmmate between toxicity caused by common
ions and other compounds
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* ENFORCEMENT GUIDELINES FOR WET VIOLATIONS

Confounding Pollmants

Certain pollutants defy tradmonal approaches at reductton or removal Such pollutants usually
‘persist in POTW effluents despite implementation of normal pretreatment program controls -
and operation of standard end-of-pipe wastewater treatment, resulting in effluent toxicity.
~ Such "confounding pollutants that the Regions are most familiar with include diazinon and
total dissolved SOlldS (TDS). - ' | ‘ o
i The Regtons recommended approach for addresslng the presence of these pollutants IS, for the®
POTW to characterize the pollutant(s) and its'source(s), and to then implement a series of
measures to control those sources and/or treat the effluent so as to achieve the permit’s WET
requirements. The sequence of events Wthh should follow failure of a WET test due to a
confoundtng pollutant is as follows: N
1 Conduct research to determine chemlcal nature and orlgln(s) of the confoundlng
pollutant. Such research shall include conducting TREs and TIEs, as necessary,
as well as going upstream in the collection system to identify individual sources
or characterize the pervasiveness of the pollutant. It may also be approprtate to
investigate the environmental effects of the pollutant, including its fate and . >
transport in the receiving water, o as to determme the seventy of its impact
upon the env1ronment

2 Develop, pnormze and 1mplement control measures sufflctent to achleve the
permit’s WET condijtions. Such measures should initially be aimed at source
reduction or control. Included in these may be public education programs on
responsible use and disposal of the pollutant (especially for pesticides).
Alternatives to its use, or broader efforts such as restrictions on distribution or
application of products containing the pollutant should also be considered. For
pollutants such as minerals originating in groundwater or metals leaching from
piping, etc., alternative water sources or distribution systems should be
consxdered and schedules developed for their gradual substltutton/ phasmg in.

It would be useful for mformatton gathered by- the POTW at thls stage m the
process to be provided to EPA, for use by our regtonal or national programs
aimed at developing water quality criteria and/or regulatmg toxic substances bv
means of disposal measures, bans, etc. In this way, a more generic solution‘to -
partlcularly prevalent or intractable problems may be developed, if necessary,
with a maximum of input from localities and effected populations.
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3. If source reduction alone does not achieve suff1c1ent control of the pollutant, the
' POTW must then consider and implement other measures, including best

management practices (BMPs) and, 1f necessary, addmonal treatment, to
- eliminate-WET. -

* A particularly sensitive issue to be resolved by each permitting authority faced with this _
problem is at what point in the sequence of events described above to impose chemical-specific
effluent limitations for pollutants. Re-openers contained in most permits with WET provisions
~allow the permitting authority to modify permits ‘when information becomes available which
provides a basis for imposing new requirements. Factors to consider in dec1d1ng whether to
modify a permlt and when in the process to do $0, mclude - N o

1)7 , The seventy of e,nv1ronmen'tal lmpacts.

2) - The ability of the POTW and other lnterested partxes to reduce or elumnate the*
o pollutant ’ :

“3) ‘Whether State WQS allow tor comphance schedules and of what durat10n‘7 If
B they do, can-a phased control approach, startmg with source control and only~
culmmatmg inthe construction of additional treatment facdmes 1f necessary, be
accommodated by the State?

SEAY
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ENFORCEMENT GUIDELINES FOR WET VIOLATIONS

N

TABLE 5.1 ENFORCE'\IENT‘RESPONSE SUMMARY

ELEVATED RESPONSE
FOLLOWING REPEATED OR
VONCOMPLIANCE INITIAL RESPONSE SUSTAIVED VlOLATlONS

Lxmxt Vlolatlons " | None \JOV/AO APO REFERRAL

Failure to Conduct NOV/AO . APO: REF ERRAL
TRE, TIE ‘or
Accelerate Testmg - . R

Farlure to Test , NOV/AO 1T APO

Invalid Results - S . |
- Good Faith Effort - = | Tech. Assist. - | NOV/AQ; APO
- Lack of Good Faith NOV/AO ‘ APO
- Failure to Re-Test - NOV/AO . - - | APO

Failure to Comply NOV/AO o APO - : -
with Narrative
Conditions

e’

REFERENCES

Mount, D.R. and D.L. Mount. (992, A srmple method of pH control for use in aquatlc toxrcrty
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Tletge, J.E,, J. R. Hockett, and J.M. Evans. l995 Dlscnmmatnon of ion toxrcrty m six
produced waters using the freshwater salinity toxicity relatlonshlps and TIE procedures Socrety
of Petroleum Engmeers pp- 393-402

U.S. Enwronmental Protection Agency 1985. Ambient water quality criteria for ammonia.
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5 Prowded the permlttee increases the testmg trequency and initiates a TR~E/TIE in
accordance wrth permrt requnrements ‘
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Norberg-ng, T.J., D.I. Mount, E.J. Durhan, G.T. Ankley, L:P. Burkhard, JR. Amato, M.T.
Lukasewycz, and L. Anderson Carnahan. -‘EPA/600/6- 9l 003 Office of Research and
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APPENDIX A--SAMPLE PERMIT LANGUAGE

ThlS appendlx contains suggested language and format for mcludmg whole efﬂuent

ltoxxcnty testing requirements and/or limits in permits. Items marked in redline are mdlvxdual
._decisions that need to be made by the permit writer. Information and guidance on making those
decisions are dlscussed in the previous sections of this document. NOTE TO EPA PERMIT

- WRITERS: "or subsequent edmons" refers to edltlons of manuals available at the time of

permlt |ssuance



Comphance Testmg

| Fa11
- LmltorTarget

| p-Conduct Follow up Test

| Implement Generic TRE |

| Pas's‘_ oy

~ / Continue Testing
1 and/or Consider
B educed Testm

| Accélerate Testing“ 1

Problems

1B Conduét TE
. dentlfy andCorrectl' : . IIdent n’y-'l‘onc' el

YO

_,Irreatabmty su| |

. Figurel  Flowchart for Whole Effluent Toxicity Compliance Testing
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ACUTE TOXICITY

WHOLE EFFLUENT TOXIC ITY TESTING

toxrcrty tests on,

1 Test Specres and Methods
NOTE CHOOSE EITHER FRESHWATER OR MARINE

F reshwgte

a

conducted on the most sensmve specnes

b. Every year, the permrttee shall re-screen once with the two species listed
above and continue to monitor with the most sensitive species.
Rescreening shall be conducted ata drﬂ'erent tlme of year from the
prevrous year s screening.

v The presence of acute tOXlClty shall be determmed as specified in Methods
for Measuring the Acute Toxicity of Effluents to Freshwater and

: “Target” is the trigger for toxicity when a WET limit is not required. 'If a limit is
required, then the target is the limit. The reasonable potential factor is found in
Table 3-1 of the TSD page 57. Iti is based on the CV. and number of samples
taken -

: - Any freshwater species listed in Appendix B, “Supplemental List of Acute Toxicity
Test Specnes may be used in place of the foregomg

} “Suntes of tests” means the two or three specnes used for testmg durmg the permrt
term

Al3



screenmg penod monrtormg shall be conducted usmg the most sensrtrve
specres

b. 'Every year, the: permlttee shall re-screen once with the two:species hsted
above for onemonth and continue to- monitor with the most sensitive
species. Rescreening shall consist of one test conducted ata different time -
than the prevrous year s test. C RS

c ‘The presence of acute toxicity will be determined as specified in Methods
for Measurmg the Acute Toxrclty of Emuents to Freshwater and

mmmm o R
)

a.

b Where the LCSO is calculated, results shall be reported in TUa where TUa
IOO/LCSO (m percent eﬁ'luent)




d Results shall be reported as pass (P) or fail (F) when using a t-test
Quality assurance

NOTE . CHOOSE ONE, LCS0 or t-test

a. A senes of ﬁve drlutlons and a control wxll be tested The series shall

b. If organisms are cultured in- house reference toxicant tests shall be run-
monthly. Otherwise, concurrent testing. wrth reference toxicants shall be
conducted

c. If etther of the reference toxr‘cant tests or the eﬁluent tests do not meet all

d Reference toxxcant tests shall be conducted using the same test condmons
as the effluent toxlcrty test (1 e., same test duration, etc)

f Chemical testlng for the parameters for Wthh effluent hmrtattons exist shall
be performed on a split of each sample collected for WET testing. To the
extent that the timing of sample collection coincides with that of the
sampling required in Part . of this permit, chemical analysns of the split
sample w1ll fulfill the requrrements of that Part as well.

The manuals descnbe various srtuatrons in which etther receiving water or Tab
water should be used for control and dilution water. Dependmg upon the
objectlve of the test, elther lab water or recervmg water may be used

CALS



Preparatton of'Generic TRE Workplan . ‘ R TP »

The perrmttee shall submrt to EPA a copy of the permrttee s toxrcrty reduction -
evaluation (TRE) workplan [1:2 pages] within 90 days of the effective date of thlS
penmt This plan shall describe the steps the permittee intends to follow in the
event that toxrcrty is detected, and should mclude at a minimum:

(a) A descrlptlon of the i lnvestlgatron and evaluation techmques that
would be used to identify potential causes/sources of toxrcny
efﬂuent vanablllty, treatment system efﬁcrency

(b) A descnptlon of the facnhty ] method of maxrmrzmg in-house
treatment efficiency, good housekeeping practices, and a list of all
chemtcals .used in operatlon of the facrllty;

(c) If a-toxicity ldentlﬁcatlon evaluation (TIE) is' necessary, who will.
conduct it (i.e., in-house or outsrde consultant)

Reporting

a

The permlttee shall submit the results of the tox1cxty tests in TUs w1th the -
discharge momtormg reports (DMR) for the month in whlch the tests are
conducted

e

The ﬁxll report shall be submitted by the end of the month in which the
DMR is submltted

The full report shall conS|st of (1) the tox1c1ty test results (2) the dates of

Test results for acute tests shall be reported according to the acute
methods manual chapter on Report Preparation, and shall be attached to. -
the DMR. Where possible, the permittee shall submit the data on an_
electronic disk (3. 5") in the Toxrcxty Standardlzed Electronic Reportmg
Form (TSERF)

Al-6



(1) - The finding of the TRE or other mvestrgatxon to ldentxfy the
cause(s) of toxicity;

(2) Actions the permittee has taken or will take to mitigate the impact
of the discharge, to-correct the noncompltance and to prevent the
recurrence of toxicity;

(3) Where corrective actions including a TRE have not been -
completed, an expeditious. schedule under which corrective actlons

will be 1mplemented and

(4) Ifn no actions have been taken, the reason for not taking action

"6 - Accelerated Testmg

a If acute toxrclty is greater than

3

six more tests, bl-weekly (every two weeks) over a twelve-week penod
beginning within two weeks of receipt of the sample results of the
exceedance

b If 1mplementatlon of the generic TRE workplan indicates the source of
toxicity (for instance, a temporary plant upset), then only one additional
test is necessary If toxicity is detected in thlS test, thén Part Sa. shall

apply

of receipt of the sample results of the exceedance

d. If none of the six tests indicates toxicity, then the penmttee may return to
the routme testmg frequency

7. Toxxcrty Identlﬁcatxon Evaluatnon (TIE)
a If acute toxrcnty is detected in any two of the six bx-weekly tests, the
permittee shall, in accordance with EPA acute and chronic manuals =

EPA/600/6-91/005F (Phase I), EPA/600/R-92/080 (Phase II), and EPA--
600/R-92/081 (Phase I1), mmate a TIE within 15 days

Al7



b. . IfaTIEis trlggered prior to completron of the accelerated testing, the : \}
accelerated testing schedule may be terrnmated or used as necessary in
performmg the TIE

Reopener

Thrs permrt may be modlﬁed in accordance wrth the requirements set forth at 40
CFR Parts' 122 and 124, to include appropriate conditions or limits to address *
demonstrated effluent toxicity based on newly available information, or to
implement any EPA-approved new State water quahty standards apphcable to .
efﬂuent toxicity.

S’



[I. CHRONIC TOXICITY
WHOLE EFFLUENT TOXICITY TESTING |

The permittee shall conduct Higithl rquarterly/senmi-annuial/anniial toxicity tésts on

~

L. Test Speci‘es'and_Methddé:

NOTE: CHOOSE EITHER FRESHWATER OR MARINE LANGUAGE

Ere fshwa;err,

a. The permittee shall conduct short-term tests with the water flea,
Ceriodaphnia dubia (survival and reproduction test), the fathead minnow,
Pimephales promelas (larval survival and-growth test) and the green alga,
Selanastrum capricornutum (growth test) for the first three suites® of tests. ™
After this screening period, monitoring shall be conducted using the most
sensitive species. R - ‘

b EVery‘year, the permittee shall re-screen once with the three species listed -
above and continue to monitor with the most sensitive species. Re- '
screening shall be conducted at a different time of year from the previous

year’s re-screening

¢, The presence of chronic toxicity shall be estimated as specified in Short-
Term Methods for Estimating the Chronic Toxicity of Effluents and
Receiving Waters to Freshwater Organisms, Third Edition, EPA/600-4-

................................................

. “Target” is the trigger for toxicity when a WET limit is not réquii'ed. Ifa limit is
required, then the target is the limit. The reasonable potential factor is found in
Table 3-1 of the TSD, page 57. It is based on the CV and number of samples
taken. C ’ \ e , :

“Suites of tests’;'nieans_the two or three species 'useq for 't'e"stﬁ_ng during the permit
term ' : ' Co ’
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d. The permittee may also’ determine compliance with acute fathead minnow

)
test based on the mortality data from chronic test data. g
Marine/Estuarine

Test Species and Methods:

a The permittee shall conduct tests with a vertebrate, an invertebrat

monitoring shall be conducted using the most sensitive species.

For Regibn 9 only:

2

Plant: Giant kelé, Macrocystis pyrifefa(gefmination and gcm-fubg _léngth |
test). A L : S

For both Regions 9 and 10: S

Vertébrate: Tt 10 : ry[lina d - -

2. Bivalve species, mussel, Mpyilis spp. or Pacific oyster, Crassostrea
gigas (larval development test), - S |

3 Purple urchin, Strongyldcehtr‘otus put?urth and sand dollar,
Dendraster excentricus (ferfiliza‘.tion test), '

4 Purple urchin, Strohgyl&entiotus pﬁfpurdtr)s (larval development
test), and sand dollar, Dendraster excentricus (larval dev_eldpment
5 Red abélone,. Haliotis rufescens (lafval_/develoﬁment test).
b. * - Every year, the permittee shall re-screen once with the three species listed

above and continue to monitor with the most sensitive species. Re-
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screening shall be conducted at a different time of year from the previous -
year’s re-screening. S ‘ -

c. The chr‘onic‘ toxicity_df the effluent shall be estimated as speciﬁed in Short-
> Term Methods for Estimating the Chronic Toxicity of Effluents and”

91-003, July 1994, fo:b& Specified Whei isiHg Menidiaor Mpsidonsis

........... L0000,

species and/or Short-Term Methods for Estimating the Chronic - .
Toxicity of Effluents and Receiving Waters to West Coast Marine and

a Chronic toxicity measures a"sublethal effect (e.g., reduced growth,

vi&Th

ambient red to that of the control organ

.................

.................................. ageleirisiene,e saeieletels .

............ Hot i the monioring reatrements secHowns:

Ifin the calculation of a NOEC, two tested concéritratipn_s cause statistically
adverse effects, but an intermediate concentration did not cause statistically /
significant effects, the test should be repeated or the lowest concentration must be

1
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Quality assurance

a. A series of ﬁve dilutions and a control shall be tested. The Senes shall

b. ' If organisms are not cultured in- house concurrent testmg wrth reference
toxicants shall be conducted. Where organisms are cultured in- -house,
monthly reference toxicant testmg is sufﬁcrent

c. If either the reference toxicant tests or the efﬂuent tests do not meet all test
acceptablllty criteria as specnﬁed in the test methods manual, then the

..........................................
........

permittee must re- sample and re-test mn14day5/assponasp¢ssrbie

d Reference toxicant tests shall be conducted usmg the same test condmons
as the efﬂuent toxlcrty test (r e, same test duratlon, etc. )

different from the culture water a second control, usmg culture water shall
also be used

used. For example 6 25, 12.5, 25, 50 and 100% eﬁluent concentrations are
tested. The 12.5 and 50% concentrations are statistically significant, but 25% is
not. sxgmﬁcant If the test is not repeated, then the NOEC is 6. 25%

The manuals descnbe various sntuanons in whrch either recewmg water orlab
water should be used for control and dilution water. Depending upon the
objectlve of the test, either lab water or recervmg water may be used

A II-
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Chemical testing for the parameters for which effluent limitations exist shall
be performed on a split of each sample collected- for WET testing. To-the
extent that the timing of sample collection coincides with that of the
samphng required in Part __ of this permit, chemical analysis. of the spht
sample will fulfill the requxrements of that Part as well

Preparatlon of Generlc TRE Workplan

The permittee shall submlt to EPA a copy of the permittee's tox101ty reduction
evaluation (TRE) workplan [1-2 pages] within 90 days of the effective date of this
permit. This plan shall describe the steps the permittee intends to follow in the

event that toxicity is detected, and should mclude at a minimum:

(@) A descnptlon of the mvestlgatlon and evaluation techniques that
would be used to identify potential causes/sources of toxu:lty,
effluent variability, treatment: system eﬁicxency,

b A descnptlon of the facxhty ] method of maximizing in-house
treatment efficiency, good housekeeping practices, and a list of all
chemxcals used in operatlon of the facnhty,

(c) . Ifa tox1cxty 1dent|ﬁcatlon evaluatlon (TIE) is necessary, who w1]l
conduct it(ie, ‘in-house or other)

Reporting

a

The permittee shall submit the results of the'tox1c1ty tests, including any
accelerated testing conducted during the month, in TUs with the discharge
momtonng reports (DMR) for the month in which the tests are conducted
If the generic TRE workplan is used to determine that accelerated testing is
unnecessary, then those results shall also be submitted with the DMR for
the month in: Wthh the mvestlgatlon occurred.

The ﬁlll report shall be submltted by the end of the month in whlch the
DMR is submitted.




6

d - Test Tesults for chromc tests shall be reported accordmg to the chronic

manual chapter on Report Preparation, and shall be attached to the DMR.
Where possible, the results shall also be submitted on electromc disk (3 5"
in the: TSERF format

) The ﬁndmg of the TRE or other mvesttgatton to 1dent1fy the
cause(s) of toxicity;

(2) Actlons the permittee has taken or will take to mmgate the i lmpact
of the discharge, to correct the noncompllance and to prevent the -
recurrence of toxrcrty,

3) Where corrective actions mcludmg a TRE have not been
completed, an expeditious schedule under which corrective aCtlons
w1ll be implemented, and

4) If no actlons have been taken, the reason for not taking action

Accelerated Testmg

a If chromc tox1c1ty as deﬁned [t‘ @ 'ﬂté'pér'ﬁht lu"n'tt' 'éi"t'h'é mtngger '

more tests, bl weekly (every two weeks) over a twelve-week penod
Testing shall commence within two weeks of recetpt of the sample results
of the exceedance

b. If 1mplementatton of the generic TRE workplan mdncates the source of
tox1c1ty (for instance, a temporary plant upset), then’ only one additional
test is necessary. If toxlcxty is detected in this test, then Part 5a shall

apply

receipt of the sample results of the exceedance.

I1-6
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d. If none of the six tests 1nd1cates tOXlClty, then'the penmttee may return to
the normal testmg frequency.

Toxicity Identlﬁcanon Evalu,atlon (TIE)

a. . . Ifchronic toxicity is detected in any two of‘the six bi- -weekly tests, then the
permittee shall, in accordance with EPA acute and chronic manuals
EPA/600/6-91/005F (Phase 1), EPA/600/R-92/080. (Phase 1I); and EPA-
600/R-92/081 (Phase III), initiate a TIE within 15 days.

b. Ifa TIE is tnggered pnor to completxon of the accelerated testing, the
accelerated testing schedule may. be termmated or used as necessary in-
perfonnmg the TIE.,

Reopener

This permlt may be modlﬁed 1n accordance with the requxrements set forth at 40
CFR Parts 122 and 124, to include apprapriate conditions or limits to address
demonstrated effluent toxicity based on newly available information, or to
implement any EPA-approved new State water quahty standards apphcable to
effluent toxicity. SR .
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REFERENCES _ Jj
TEST METHODS‘ TRE AND TIE DOCUMENTS.

Acute toxrcrty test rnethods

USEPA Methods for Measurmg the Acute Toxrcrty of Effluents to Freshwater and \darme
Organisms. (EPA/600/4 -90-027F). Note. see Appendtx B of the acute toxicity test manual for
the supplemental List of acute test specres

Freshwater tests

Vertebrates

e  Fathead rmnnow Ptmephales promelas - _ : : S -
e Rainbow trout, Oncorhynchus mykiss

®  Brook trout, Salvelmus fontmalts

Invertebrates:

° Water flea, Cenodap/zma dubia

e _ Water flea, Daphnia pulex and D. magna

Marine tests N

Vertebrates

~ Inland srlversrde Memdza beryllina
° Topsrnelt Athermops aﬂ'zms
Invertebrates:
° Atlantic my51d Myszdopsrs bahia
®  Pacific mysid, Holmesimysis costata

Chronic toxicity test methods

Freshwater tests

USEPA Short-Term Methods for Esttmatmg the Chromc Toxicity of Efﬂuents and Recervmg
Waters to Freshwater Orgamsms (EPA/ 600/4 91- 002) \
Vertebrate'

e Fathead rmnnow szephales promelas

Invertebrate

L “Water ﬂea, Cerzodaphma dubza

Plant:

° Green alga, Selenastrum capncomutum
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REFERENCES
. Marme tests

. USEPA Short-Terrn Methods for Estrmanng the Chronlc Toxrcrty of Efﬂuents and Recemng
: Waters to Marine and Estuarine Orgamsms (EPA/ 600/4 -91- 003)

| USEPA Short- Term Methods for Estlmatmg the Chronic Tox1c1ty of Effluents and Recewmg
Waters to West Coast Marlne and Estuarme Organisms (EPA/ 600/R 95/136, August 1995)

‘ Vertebrates
. - Inland- 51lver51de Menidia beryllma (EPA/600/4 91- 003)
o Topsmelt At/zermops afﬁms (EPA/600/R 95/136) ‘

lnvertebrates o - R

° Atlantic mysid, Myszdopszs bahia (EPA/600/4 91- 003) o L ) o
- ®__ Red abalone, Haliotis rufescens (EPA/600/R-95/136) I ) e
X " Bivalves, Crassostrea gigas and Mytilus spp. (EPA/600/R-95/136) " .
e Purple urchin, Strongylocentrotus purpuratus and Sand dollar, Dendraster excentricus
(EPA/600/R 95/136) SRS 2

Plants: , o S | s
e  Giant kelp, Macrocystis pyrifera (EPA/600/R-95/136) .

- Toxicity reduction/identification evaluation methods
' TRE

USEPA Toxrcrty Reductton Evaluatlon Protocol for Industnal Treatment Plants (EPA/ 600/2-
88/070)

USEPA Toxrcrty Reductlon Evaluatlon Protocol for Mumcrpal Wastewater Treatment Plants
(EPA/ 600/2-88/062). -

TIE

USEPA Tox1c1ty ldentlflcauon Evaluatron Characterrzauon of Chromcally Tox1c Efﬂuents,
Phase I (EPA/600/6 91-05F).

USEPA Methods for Aquatlc Tox1c1ty Identnflcatron Evaluatlons ‘Phase II Tox1c1ty

Identification Procedures for Samples Exhlbmng Acute and Chromc Tox1c1ty (EPA/600/R- 92-
080)
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USEPA Methods for Aquatrc Toxrcrty Identlflcatron Evaluatrons Phase III Tox1c1ty
Conflrmatron Procedures (EPA/600/ R- 92 81)

Other documents

USEPA Techmca.l Support Document for Water Quallty based TOXICS Control (EPA/ 505 /2- 90-
001) Office of Water Washmgton DC..

USEPA ManuaI for the Evaluatlon of Laboratortes Performmg Aquatrc Toxrcxty Tests
(EPA/600/4 90-031). -

USEPA Methods for Chemlcal Analy51s of Water and Wastes (EPA/600/4 79/ 020) Rev1sed
March 1983

STATISTICAL PROGRAMS

Dunnett Prograrn (Versron 1 5)

Inhlbmon Concentratton (ICp) Approach (Versron 2.0).

Probit Analysrs (Versron 15) :

Trimmed Spearman-Karber (Version 1.5).

Note: . If you are interested in obtaining any of these statistical programs, please send a
formatted 3.5" disk to J ames Lazorchak, EPA EMSL—C!, 3411 Church Street,
Cmcmnatl, OH 45244,

SPREADSHEETS

Contact: Madonna Na.rvaez, USEPA, Reglon 10 OW-130 1200 Slxth Avenue, Seattle WA
98101 Telephone (206) 553 1774; FAX: (206) 553 1280

VIDEOS
USEPA F reshwater Culturmg Methods for Cenodaphma dubza and szephales promelas

USEPA Test Methods for F reshwater Efﬂuent Tox1c1ty Tests



REFERENCES

USEPA Culturlng and Tox1c1ty Test Methods for Marme and Estuarme Effluents for
Mvszdopszs bahza

Note 1If you are mterested in obtammg these three videos at a cost, please call The
Vatlonal Audnovnsual Center at (800) 788- 6282

DATABASES

AQUIRE (AQUatlc lnformatlon REtrleval database)

ASTER (ASsessment Tools for'the Evaluatlon of RlSk)

The AQUIRE database now contains more than 127,000 mdmdual test records for 5, 525
chemicals and 2,791 freshwater and marine organisms. Over 9,000 publications have been
reviewed for AQUIRE These data are also availdble from the ASTER Database System.
Both AQUIRE-and ASTER now have the electromc capability of sendmg help text and reports
to an internet address

For mformatlon about logging. onto these databases, contact the Envnronmental Research
Laboratory-Duluth at (218) 720- 5602 fax (218) 720-5539 and internet at . ; -
outreach@du4500.dul.epa.gov.
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Please identify your state WET coordinator with a phone, fax riumbers and address

REGION 9 CO_NTACTS

LOCATION

NAME AND PHONE

ADDRESS

EPA Region 9
WET Coordinator

Debra Denton
p (415) 744- 1919
f (415) 744- 1873

75 Hawthorne St (W-5-1)
San Francisco CA
94105 3901

Anzona
Arizona Department of
Environmental Quality

Sam Rector
p (602) 207- 4536‘
f (602)207-4528

3033 North Central
Phoenix, AZ
85012

Cahforma
State Water Resources
Control Board

Victor deVlaming
p (916) 657-0795
f (916) 657-2388

Division of Water Quality
PO Box 944213
Sacramento, CA
94244-2130

Hawau
Hawau State Dept of Health

Alec Wong
p (808) 586-4309

Clean Water Branch
919 Ala Moana Blvd
Room 301

Honolulu, HI

968 14

Nevada
Department of Conservatlon
and Natural Resources

Leo Drozdoff
p (702) 687-5870, ext. 3142
f (702) 687-5856

Division of Envnronmental
Protection

_Capitol Complex

- 333 W. Nye Lane
Carlson City, NV

89710
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REGION 10 CONTACTS

LOCATION

NAME AND PHONE

ADDRESS

EPA Region 10
WET Coordinator

Madonna -Narvaez
p (206) 553-1774
f(206) 553-1280

1200 Sixth Avenue (OW 130)
Seattle, WA
98101

Alaska

Katle McKemey
p (907) 465-5018
f(907) 465-5274

AWQ/WQTS
410 Willoughby Avenue Ste 105
Juneau, AK 99811-1800

Idaho

Oregon

Judy Johndohl
(503) 229-6896
f(503) 229-6037.

OR DEQ

Water Quality

811 SW . 6th Avenue
Portland, OR

Washington

Randall Marshall
(360) 407-6445
f (360) 6426

WA DOE
PO Box 47696
Olympia, WA 98504
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E DEFlNlTlONS

ACUTE TOXICITY is a test to determme the concentration of effluent or. amblent waters that

- produces an adverse effect on a group of test organisms dunng a short-term exposure (e.g.. 24,

" 48 or 96 hours). “The endpoint is lethality. Acute tox1c1ty 15 measured usmg statistical procedures :
(e g pomt estlmate techmques orat- test) '

' ACUTE to-CHRONIC RATIO (ACR) 1S the ratio of the acute toxlcrty of an efﬂuent ora
toxicant to its chronic toxicity. It is used as a factor for estimating chronic toxicity on the basrs of -
acute toxrcxty data or for estimating acute toxrcrty on the basrs of’ chromc tox1c1ty data.

ADDITIVITY is the characterrstlc property of a mixture of toxicants that exhibitsa total toxic

o effect equal to the anthmetlc sum of the effects of the individual toxicants.

AMBIENT TOXICITY is measured bya toxnc:ty test on a sample collected from a recervmg S
waterbody

BIOASSAY is a test used to evaluate the relative potency of a chemical or a mixture of chemicals

by comparing its effect on a living organism with the effect of a standard preparation on the same

type of organism. Bioassays frequently are used in' the pharmaceutrcal industry to evaluate the. -
potency of v1tamms and drugs. : Ca - - : L )

CHRONIC TOXICITY is deﬁned as a long-term test in which sublethal effects (e g., reduced

growth or reproduction) are usually measured in addition to lethality. Chronic toxicity is defined "
as TUc = 100/NOEC or TUc = 100/ECp or TUc = 100/ICp). The ICp and ECp value should be

the approxlmate equwalent of the NOEC calculated by hypothesis testmg for each test method.

COEFFICIENT OF VARIATION (CV) isa standard statlstlcal measure of the relatwe
variation of a distribution or set of data, defined as the standard.deviation divided by the mean.
Coefficient of variation is a measure of precrslon within (mtralaboratory) and among
(interlaboratory) laboratones

CRITERIA CONTINUOUS CONCENTRATION (CCC) is the EPA natlonal water quahty
criteria recommendatlon for the highest instream concentration of a toxicant or an effluent to
which orgamsms can be exposed mdeﬁmtely without causmg unacceptable eﬁ'ect

CRITERIA MAX]MUM CONCENTRATION (CMC) is the EPA national water qualtty
criteria recommendatton for the highest instream concentration of a toxicant or an effluent to
which organisms can be exposed for a brief period of time w1thout causmg an acute effect such as
lethallty
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DEF INITIONS

CRITICAL LIFE STAGE is the penod of time in an orgamsm s hfespan in whtch it is the most
susceptible to adverse effects caused by exposure to toxicants, usually during early development
(egg, embryo, larvae). -Chronic’ toxicity tests are often run on critical life stages to replace long
duration, life- cycle tests since the most. toxic effect usually oceurs durmg the cntrcal ltfe stage

EFFECT CONCEN TRATION (EC) is a point estimate of the toxicant concentratron that
would cause an observable adverse effect (e.g., survwal fertilization) in a given percent of the test
orgamsms calculated from a continuous model (e. g EPA Pl'Oblt Model)

HYPOTHESIS TESTING is a techmque (e.g, Dunnetts test) that determmes what
concentratron is statistically- different from the control. Endpomts deterrmned from hypothesxs
testing are NOEC and LOEC.

Null hypothesrs (HO) The eﬁluent is not toxic.
Alternative hypothesrs (H, ) The effluent is toxrc

lNHIBITION CONCENTRATION (IC) is a point estimate of the toxrcant concentratton that
would cause a given percent reduction in a non-quantal biological measurement (e.g. Y
reproductron growth) calculated from a continuous model (i.e.; EPA Interpolatron Method). -

INSTREAM WASTE CON CENTRATION (IWC) is the concentratron of a toxicant in the
recervmg water after mixing. The IWC is the inverse of the dtlutton t'actor

LCSO is the toxicant concentratlon that would cause death in 50 percent of the test orgamsms

LOWEST OBSERVED EFFECT CONCENTRATION (LOEC) is the lowest concentration
of toxicant to: which orgamsms are exposed in a test, which causes statistically significant adverse
effects on the test organisms (i.e., where the values for the observed endpoints are statistically
significant different from the control) The definitions of NOEC and LOEC in the method manuals
assume a strict dose-response relationship between toxicant concentratron and organism response.
If this assumption were always the case, there would be no issue concemmg the endpoint
definitions because the NOEC would always be a lower concentration level than the LOEC.
However, this stnct dose-response relationship does not exist with all toxicants. When this
occurs the test must be repeated or the lowest NOEC should be reported for compltance
purposes : ‘ : . N

MINIMUM SIGNIFICANT DIFFERENCE (MSD) is the magnitude of difference from
control where the null hypothesis is re)ected ina statlstlcal test companng a treatment with, a
control
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\'IL‘(IN G ZONE is an area where an efﬂuent dtscharge undergoes initial dtlutron and may be
extended ta cover the secondary mixing in the ambient waterbody. - A mixing zone is an allocated
impact zone where water quality criteria can be exceeded as ‘long as. acutely toxic condmons are
prevented

MONTHLY MEDIAN is the middle value in a monthly dlstnbutton above and below which lie
an equal number of values." If the number of values are'even, then:the monthly median is the
average of the middle two measurements.

NO OBSERVED EFFECT CONCENTRATION (NOEC) is the hrghest tested concentratron
of toxrcant to which organisms are exposed in a full ltfe-cycle or partial life-cycle (short-term)
test, that causes no observable adverse effect on the: test organisms (i.e., the highest concentration
of toxicant at whrch the values for the observed responses are not statlstrcally srgmﬁcant dtﬂ'erent
from the controls)

POINT ESTIMATE TECHN IQUES such as the EPA Problt model, Interpolatron method
Spearman-Karber method are used to determine-the eﬂluent concentration at which adverse -
effects such as fertilization, growth or survival have occurred. For example concentration at
whrch a2s percent reduction i in femltzatton occurred . : >

REFEREN CE TOXICAN T TEST mdtcates the sensmvrty of the organisms bemg used and
demonstrate a laboratory s ability to obtain consistent results with the test method. Reference
toxicant data are part of routine QA/QC program to evaluate the performance of laboratory
personnel and test orgamsms

SIGNIFICAN T DIFFERENCE is deﬁned as statlstrcally srgmﬁcant dtfference (e g 95%
conﬁdence level) in the means of two dlstnbutrons of samplmg results

TEST ACCEPTABILITY CRITERIA (TAC) For toxicity tests results to be acceptable for
compltance the effluent and the reference toxicant must meet specific criteria as defined in the
test method (e.g., Ceriodaphnia dubia survival and reproduction test; the criteria are: the test
must achreve at least 80% survival and an average of 15 young/female in the controls)

t-TEST isa statlsttcal analysrs companng only fwo test concentratrons (eg.,a control and 100%
effluent). The purpose of this test is determine if the lOO% effluent concentration is drﬁ'erent
from the control (i.e, the test passes or farls)

TOXICITY TESTS are laboratory expenments which employ the use of standardlzed test
organisms to measure the adverse eﬁ'ect (e.g., growth, sumval or reproductton) of efﬂuent or
ambient waters..



DEFINITIONS

TOXIC UNIT ACUTE (TUa) is the reciprocal of the effluent concentration that causes 50 -
percent of the orgamsms to dre by the end of the acute exposure peI‘IOd (1 e, TUa = lOO/LCSO)

TOXIC UNIT CHRONIC (TUc) IS the recrprocal of the eﬁ‘luent concentration that causes no
observable effect on the test organisms by the end of the chromc exposure period (1. e, TUc=
lOO/NOEC or TUc = IOO/ECp )

TOXIC UNITS (TUs) are a measure of toxicity in an efﬂuent as- determmed by the acute tox1c1ty
units or chromc toxlcrty umts Htgher TUs indicate greater toxrclty

TOXICITY IDENTIF ICATION EVALUATION (TIE) is a set of procedures to: rdentlfy the
specific chemlcal(s) responsnble for eﬁluent toxncrty TIEisa subset of the TRE.

TOXICITY REDUCTION EVALUATION (TRE) is a 51te specrﬁc study conducted ina
stepwnse process designed to identify the causative agents of effluent toxicity, isolate the sources
of toxicity, evaluate the eﬁ'ectrveness of toxrcrty control optlons and then confirm the reductlon in
eﬂ‘Iuent toxicity.

WHOLE EF FLU ENT TOXICITY is the total toxic eﬁ’ect of : an. et’ﬂuent or recewmg water -
measured dlrectly with a toxicity test.
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WET TEST COSTS

An informal survey.of Regron 9 WET testmg 'laboratories yrelded the followrng 1nformatlon

Costs for definitive freshwater acute non-renewal tests range from $250-$500, while marine acute
non-renewal test costs range from $250-8750 (the higher cost was for Mysrdopszs bahia). Costs
for definitive freshwater chronic renewal tests range from $950-$1250. ' Costs for definitive
marine chromc renewal tests range from $800-$2250 (the higher cost was for Mysidopsis bahia
since this- test has three endpoints). Costs depend on: (1) the organism supplres costs and
availability, (2) ease of working with test organisms, and (3) amount of time in calculanng test
endpomt (e g rmcroscope trme) etc.

W H. Peltrer of EPA Regron 4 (Atlanta Georgra) comprled costs as. of May 1989 for freshwater
and marine acute and chronic WET tests. He found that costs-could be decreased by the number
of tests contracted for. He expects that this cost comparison will be updated by summer 1995.
Costs for definitive ﬁ'eshwater acute non-renewal tests ranged from $225-$500, while marine
acute non-renewal test costs ranged from $225-$600. Costs for definitive freshwater chronic
renewal tests ranged from $825-31500. Costs for definitive marine chronic renewal tests ranged
- from $1020 $1500. The following tables summarize the mformatron from both regions.

Acute Toxicity Test Costs:

TEST SPECIES ‘ RANGE OF COSTS

Cerrodaphma dubla Daphma pulex Daphnia magna, . | $225 500
Pimephales promelas Oncorhynchus mykiss, Memdra
beryllma -

: Mzsrdoeszs bahia - v < $600 - 750
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Chronic Toxicity Test Cost

TEST SPECIES o o RANGE OF COSTS

S'elenastrum caprzcornutum grow’th test : $600 - 950

( er/oa’aphma dubia surv1val and reproductlon P/mepha/es - | $1000-- 1250
promelas survival and growth, Menidia beryllina survival
and growth, Atherinops a_/f nis, survwal and growth

Mytllus spp and Strongylocentrotus purpuratus larval B - 3800 - 1100
development

Strongylocentrotus purpuratus and Dendraster excentrzcus $500 - 1100
fertilization

Haliotis rufescens larval development test™ . -1 $1000 - 1250

Macrocystzs pyrzfera germmatlon and germ- tube length $1000 - 1250

Myszdopsrs bahia survwal fecundlty and growth o $1100 2250"'

* The fecundlty endpomt can be optnonal since there are two sublethal endpomts (growth
and fecundlty) "This must,be approved by the permitting authonty
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STATISTICS

Q

The EPA defrrntlon of the NOEC is hlghest concexitration of toxicant to which
organisms are exposed.in a full life- -cycle or parttal life-cycle test, that causes no
observable adverse effects on the test'organisms.” How should the NOEC be reported
for the following example: dilution concentrations 6.25, 12.5, 25, 50 and 100 percent
effluent. The concentrations 12.5, 50 and 100 percent. were statrstlcally different from
the control What is the LOEC?

The LOEC is the concentration of 12.5, therefore, the NOEC is 6.25. The definitions
of NOEC and LOEC in the methods manuals assume a strict dose-response relationship -
between toxicant concentration and organism response. I this -assumption were always
the case, there would be no issue. concerning the endpoint definitions because the .
NOEC would ‘always be a lower concentration level than the LOEC. ‘However, this
strict dose-response relatronshrp does not exist with all toxicants.. When this occurs the
test must be repeated or-the lowest N OEC should be reported for complrance purposes

e

Is 1t appropnate to analyze tox1c1ty data for comphance reportmg using statrstlcal tools
other than those identified i in the EPA ﬂowcharts for statistical analy51s‘7 =

Sectron 11.1.4 of the most recent edition of the acute manual (1993) states: "The data
analysis methods: recommended in the EPA toxicity testing methods manuals were
chosen primarily because they are (1) well-tested and well-documented, (2) applicable
to most types of test data sets for which they are recommended, but still powerful, and
(3) most easily understood by non-statisticians. Many other methods were considered
in the selection process, and it is recognized that the methods selected are not the only
possible methods of analysis." The appropnateness of other methods for use on acute
and chronic toxicity test results, however, must be determined with a careful evaluation
of a complete array of possrble toxrcrty test results on which the method rmght be used.

How are males in the Ceriodaphnia dubia survwal and reproducnon test calculated for
the survwal endpomt" S

Males are mcluded for the survival analysrs as erther dead or alrve the same. as females

In the chromc tests. w1th survival endpoints (e g szephales promelas sumval and
growth test) can the survwal be used for acute test. results"

Yes, it is recommended to report both 7 day surv1val results, in addition to erther the
48 or 96-hour survival results. This reduces the costs of cornpha.nce testmg for
requlrements of acute and chronic testmg ,
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' Accordrng to the recommended test. condmons section the number of replrcates per

concentration is four (minimum of three). When a test is conducted with only three

~ replicates and the data falls the assumptlons of parametrlc testing, what analysrs should.
be performed" o

If the data falls the assumptrons of parametrlc testlng, then non-parametrlc statlsucs
would be performed, however a minimum of four replicates are necessary. In the
situation described above the data could be forced through parametric tests and the -
results would be mterpreted with caution. Ideally, the test should be repeated and the
laboratory should use a minimum of four repllcates .

DATA SUBMISSION

. Q

..Should test results that fail the requlred test acceptabllrty criteria (e g, 3 90% surv1val

in the controls for the acute tox1c1ty methods) be reported to the perrmttmg authorlty?

It is the permittee’s respon51b1hty to determme if the results of tox1c1ty tests fulfill test -

requirements and, therefore, should be submitted. The perrmttmg authonty w111 reject a

data that do hot meet test method specnflcatrons

\

TESTORGANISMS o o S : % -

Q

i

What type of documentauon and level of effort is approprlate to- demonstrate a
laboratory’s effort to obtam orgamsms fora test‘7

A laboratory shbuld make best effort to obtain spawnable test organisms from two
organism suppliers. Documentation should consist of order forms or verification of
order placed by phone (signed and dated entries ina bound notebook)

SALIN ITY. ISSUES

Q

Should sahrutles of effluent be matched to ambrent salrmty or to a "typlcal" ambient
salinity?

The test must be conducted ata sallmty that is acceptable for the, partlcular test species
(e.g., the red abalone test must be conducted at 34 & 2%0). However, when
conducting ambient toxicity tests the salinities should be matched to ambient salinities,
not toa "typlcal" ambrent sallmty

lf there are drffrcultres w1th commercxal bnne what is the preferred source of salt"

Brine such as cornmerlcal salts or hypersalme brme are used to achteve the requxr_ed
method salinity, The preferred source of brine is to:use clean seawater that has been
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concentrated by evaporatton or freezrng procedures See the séction on hypersalme - \\}
~ brine addltlons in’ the marine chroric test method manuals,

TESTI\IG CONDITION S

Q

A

“

Should temperature be he[d constant durmg testmg if the test temperature is hrgher than
amblent temperature‘7

The test must be conducted at the test temperature as spec1ﬁed in the tox1c1ty test
manual for that spec1f1c test spec1es

ENFORCEMEN T

Q

If conductmg tests with two or more species, how is comphance deterrmned" Lookmg
at all test results together regardless of species, or looking at results ona specres by
specres basis?

Look at species by specres ba51s comphance would be based on the endpomt per
species with the lowest NOEC value or pomt estrmate value (EC 25) as specrfled inthe
permit per test endpomt per test specres

The laboratory reports the NOEC and LOEC as percent effluent for both survival and J
growth with the chronic fathead minnow and both survival and reproduction with the
chronic Cenodaphma dubia. What should be entered onto the DMR?.

Report the lowest NOEC value of either the survwal or growth for the fathead minnow
test and the lowest NOEC value of erther the. survwal or reproductlon for Cenodaphma
dubza test.

When both a brlne and dilution water control are used for the marine toxicity test
methods, which control should be used to compare to the treatments?

F1rst, a t-test is conducted to compare the brme control to the dxlutlon water control If
there is no staustxcal dlfference between the controls, then use the dilution water

control for all the treatments. 1 there is a statistical difference between the controls,
then use the: dilution water control for the treatments, wnhout brme addmon and the
brine control for the treatmerit’ W1th bnne addmon
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STATUTORY AND REGULATORY CO\JSIDERATIO.NS

\W

A prtmary objecttve of the \IPDES and water qualttv standards programs is to control the
dtscharge of toxics. The CWA and EPA regulations authorize.and require the use of the
mtegrated strategy" to achieve and maintain water quality standards. Relevant provisions that
provxde statutory authonty for usmg toxicity testmg and WET llmttattons include. the followmg

o Sectton lOl(a) ofthe CWA sets forth the "goal of restoring and mamtamlng the
chemical, physical, and btologtcal integrity of the Nation's waters" and, at section |
lOl(a)(3) prOhlbltS "the dlscharge of toxic pollutants In toxic am0unts "

o Sectlon 502(1 5) of the CWA defines btomomtonng as the "determination of the

eﬂ'ects on aquatic life, mcludmg accumulationof pollutants in tissue, in receiving:

waters due to the dtscharge of pollutants (A) by techniques and procedures,

including samplmg of organisms representative of appropriate levels of the food

chain appropriate to the volume and physical, chemical, and biological o A
characteristics of the efﬂuent and (B) at. appropnate frequencxes and locattons

o Sectton 304(a)(8) requtres EPA to"

develop and publtsh tnformatlon on

methods for establishing and measuring water quality criteria for toxic pollutants
on other bases than pollutant-by- pollutant criteria, mcludmg biological monitoring - .-

and assessment methods .

o Section 303(c)(2)(B) states
in part, "Nothing in this section
shall be construed to limit or
delay the use of effluent
limitations or other permit
conditions based on or
involving biological monitoring
or assessment methods

o- Section 302(a) provides
authority to EPA and the
States to establish water
quality-based effluent
limitations on discharges that
interfere with the attainment or
maintenance of that water
quality which shall assure
protection of public health
public water supplies, and the

STATUTORY CONSIDERATIONS

o Section 101(a) - states national goals

o Section 502(15) - defines biomonitoring -

o Section 304(a)(8) - develops btomonttonng
methods

o Section 303(c)(2)(B) outltnes biological .
methods for standards

o Section 302(a)- requvres efﬂuent Itrmts to
protect aquatic life:-

o Section 301(b)(1)(C) requnres Ilmtts
necessary to meet. water qualtty standards
including narrative -

o Section 308(a) - prowdes authority to requ1re
permittees to use biological methods:

o Section 402 - sets out reqmrements of
NPDES permits program’

o Section 510.- requires states to adopt
standards at least as stnngent as those in effect
under the Act

_
G.1 . Statutory basis for WET controls
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‘ STATUTORY AND REGULATORY CONSIDERATIONS

t

_permitting. - The following parts of 40 CFR Part 122.44(d) pertain to the requi\rements for WET
- limits in NPDES permits. ‘ ' e T ' S

- 40 CFR Part 122.44(d)( (i) Was‘éx_panded to lreﬂect',EPA‘s app'roa;:h to water q"uajlify-‘ '
based permitting, an approach that includes all parameters (conventional, nonconventional
and toxics) and all applicable standards, both narrative and numeric. ' '

- 40 CFR Part 122.44(d)(1)(ii) discusses procedures to be used to determine if a discharge
causes, has a reasonable potential to cause, or contributes to an excursion of a water
quality standard. The procedures include consideration of four general factors: " .existing
controls on point and nonpoint sources. . variability of the pollutant...in the effluent, the
sensitivity of the species to toxicity testing...and...the dilution of the effluent in the
receiving stream." - ‘ ‘ S R
-40 CFR Pért'_v.122.44(d)'(rl)(iv) requires effluent limits for whole effluent toxiéity whenit
has been shown that a discharge causes, has a'reasonable potential to cause, or contributes
to an excursion of a numeric WET criterion. . T : -

- 40 CFR Part 122.44(d)(1)(v) requires limits for WET when it has been shown that a-
discharge causes, has a reasonable potential to cause, or contributes to an excursionof a_
narrative WET criterion. However, WET limits are not necessary if it can be .

demonstrated satisfactorily that chemical specific limits are sufficient to maintain all
applicable standards. B -

- 40 CFR Part 122.44(d)(1)(vii) requires that all permit limits and conditions assure
compliance with water quality standards and wasteload allocations. ‘ '

1

The regulations described above were subsequently challenged and upheld. In the Natural
Resources Defense Coungil, Inc. v. EPA, court case, at 859 F.2d 156 (D.C. Cir., 1989), several
issues with regard to WET implementation were reviewed. The Court held that EPA has the
authority to express permit limitations in terms of toxicity as long as the limits reflect the
appropriate requirements of the CWA, as provided in 40 CFR 125.3(c)(4). [More detail on this
case can be found in Appendix B-6 of the TSD.] ’ T

In addition to the May 1989 changes to 40 CFR Part- 122.44(d)(1), on July 3, 1990, the EPA
Administrator signed final regulations that modified the permit application regulations at (55 ER
30082, July 24, 1990) 40 CFR Part 122.21(j). This section now requires large publicly-owned
treatment works (POTWs) to provide the results of valid whole effluent biological toxicity testing
with their application for a permit. This requirement applies to the following POTWs: '

-All POTWs with a design flow of greater th_an' or equal to 1 MGD (major facilities)
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protectxon and propagatlon of a balanced populatlon of shellﬁsh ﬁsh and w11dllfe

o Sectlons 301(b)(1)(C) and 402 require that all NPDES permits must comply
. with any more stringent limitations necessary to meet applicable water quality -
standards, whether numeric or narrative: ‘Section 301(b)(1)(C) states that "In
order to carry out the objectlve of this Act there shall be achieved...any more
stringent limitations including those necessary to meet water quahty standards. ..

1

or requnred to 1mplement any- appllcable water quallty standard...

o Sectxons 308(a) and 402 provnde authorlty to.EPA or the State to require that

. NPDES perrmttees/appllcants use biological monitoring methods and provide
chemical toxicity and instream biological data when. necessary for the establishment
of effluent limits, the detection of violations, or the assurance of compliance with
water quality standards. Section 308(a) states "whenever required to carry out the
objective of this Act, including but not limited to (1) developmg or assisting in the
development of any effluent limitation...(2) determining whether any person isin
violation of any such effluent limitation...(A) the Administrator shall require the
owner or operator of any point source to...(iii) install, use, and maintain such -

v o v ‘monitoring equipment or methods (including’ -

_ where appropnate blologtcal momtonng '

REGULATORY CONSIDERATIONS

40 CFR Part 122.44(d)(1)(i) - reflects
EPA's water quality-based approach

40 CFR Part 122.44(d)(1)(ii) - presents

procedures for water quahty-based
limits considerations

40 CFR Part 122.44(d)(1)(iv) - requires
WET limits where WET standards are
exceeded

40 CFR Part 122, 44(d)(1)(v) requires
WET limits if the narrative standard is
exceeded

40 CFR Part 122. 44(d)(1)(vn) -
requires permit conditions to assure
compliance with water quahty standards
and WLAs

40 CFR Part 122.21(j) - requires -
POTWs to submit biomonitoring data
with permit apphcatlon |

40 CFR Part 130.7 - requires TMDLs
using specific potlutants or
biomonitoting approach

Regulatory basis for WET controls

o Se,ction 510 provides authority for States to
adopt or enforce any standards or effluent
- limitations for the:discharge of pollutants only
on the condition that such limitations or
_standards are no less stringent than those in

methods)

effect under the CWA

On May 26 .1989 the EPA Deputy
Administrator signed regulations that

implemented section 304(1) of the CWA (54
FR 23868, June 2, 1989). Commonly referred
to as the 304(1) regulations, these regulations
did more than implement section 304(l).

While 40 CFR Parts 130.10 and 123.46 were
modified specifically for 304(1) requiréments
40 CFR Part 122.44(d) was modified to

clarify-and reinforce EPA's existing

regulations governing-water quality-based

| 3
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STATUTORY AND REGULATORY CONSIDERATiONS

-All POTWS with approved pretreatment programs or POTWs requrred to develop a
pretreatment program, and

-Any other POTW as determlned by the State Drrector
Further regulations at 40 CFR Part 130.7 require total maximum darly loads- (TMDLs) and

wasteload allocations (WLAs) be developed for water quality-limited stream segments. A
pollutant -by- pollutant or bromomtormg approach may be used to establrsh TMDLs.
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TRE/TIE CASE STUDIES

.

INDUSTRIAL CASE STUDIES

' These are a few mdustnal TRE case studres prepared by the Texas Natural Resource
‘Conservation Commission (TNRCC) "The TNRCC does not mandate-that permittees utilize any
particular TRE protocol. They found that most permtttees began the TRE process using EPA
protocols and later modify these protocols as necessary to accommodate the TRE findings:
Overall, the TNRCC's experience momtorlng TREs has been educational and positive, They
observed several complicating events or plannmg problems in many of these TREs. The following
list of TRE shortcomtngs/complrcatrons will be useful to envrronmental managers and consultants
mvolved in ﬁxture TREs

° *»Farlure to collect adequate sample volume necessary to perform chemical analysrs and
charactenzatton tests in the event that a blomomtonng sample is toxic.

® Farlure to follow up with charactenzatron tests when an effluent sample is. acutely or
chromcally toxic.

-

o Fatlure to correlate the presence or absence of toxrcrty w1th operatronal changes
L Inablllty to interpret multlple charactenzatron test results o / o )

o Devoting unnecessary ttme and effort to studres of potentxal surrogate test species.

® . Complications due to infrequent toxicity
o Lmutmg the TRE.eﬁ'Ort to, routme blomomtonng tests.

o Failure to utlltze abbreviated screenmg tests. to track eﬁ'luent toxxcrty when routine
bromomtonng tests are not requrred

° Failure to recogmze pattems of toxrctty \

® Fa.tlure to scrutlmze artrﬁcral sea salts for toxrc contaminants.

Philhps Petrgleum Q ompany

N

This reﬁnery and petrochemical complex is located near Sweeny in Brazoria County, Texas The

permit issued on September 27, 1990, required the permittee to conduct the chronic 7- -day

survival and reproduction test with the water flea, Ceriodaphnia dubid and the chronic 7-day -
larval survwal and growth test with the fathead minnow, Pimephales pramelas using samples

from outfall 001. A September 15 1991 pemut amendment retamed this requlrement Treated N
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process wastewater is discharged at this outfall The dlscharge enters Lrnnvrlle Bayou whlch
flows to Caney Creek. The defined critical dilution is.98% effluent. The dilution senes deﬁned in
the permrt is 6, 12 25, 49 and 98% effluent. ’

Thrs facrlrty began a TRE eﬁ‘ort in December 1989 as a requrrement of its NPDES pemut Both
test organisms demnonstrated sensitivity to the effluent. From October 1990 through May 1993,
13 of 29 Ceriodaphnia dubia tests demonstrated statistically significant mortality at the critical -
dilution. Of the failed tests, survival NOEC values ranged between 12 and 50% effluent. . Where
survival was not affected at the critical dilution, 15-out of 16 C. dubia tests demonstrated
statrstrcally significant reproductron eﬂ'ects at the critical drlutron

From October 1990 through May 1993, 19 of‘ 28 fathead minnow tests demonstrated statrstlcally
srgmﬁcant mortality at the critical dilution.. Of the failed tests, survival NOEC values ranged -
between 6 and 50% effluent. Where survival was not affected at the critical dilution, 4 out of 9
tests demonstrated statrstrcally srgmﬁcant growth effects at the cntlcal drlutron

Charactenzatron tests conducted between November 1991 and March 1992 mdrcated that eﬁluent
toxicity was attributable to three sources: (1) chloride, (2) ammoma (3) one or more. -organic
chemicals. Continued Ceriodaphnia reproduction effects were attributed to effluent chloride -
levels (approxtmately 700 - 800 mg/L). For this reason, Phillips is now beginning an effort to |
evaluate the ionic makeup of the effluent. In recent characterization studies, effluent toxicity to
fathead minnow was removed by solid phase extraction with a C,q resin: Phillips has considered
napthenic acids as a possible cause of toxicity although- information thus far has not been
conclusive. A powdered activated carbon treatment pilot plant test and powdered activated
carbon tests eﬁ'ectrvely controlled the toxrcrty due to the unknown orgamc constltuent(s)

Effluent toxicity and ammonia levels have decreased over the past year. Phllllps attributes thls
success to a number of waste improvement projects throughout the refinery. Additionally,
Phillips began operating a new waste water treatment system in Apnl 1993 (2-staged actrvated
sludge system with a ZIMPRO powdered activated carbon process).

Bell Helrcopter Text-ron, Inc

This facility manufactures components for the aircraft rndustry and assembles complete
helrcopters in Fort Worth, Texas. The permit issued on Noveniber 14, 1991, required the
permittee to conduct the chronic 7-day survival and reproduction test with the water flea,

¢ erlodaphma dubia and the chronic 7-day larval sirvival and growth test with the fathead
minnow, P:mephales promelas using samples from outt‘all 001.- Waste streams permitted at this
outfall include air conditioning condensate and stormwater runoff. The: drscharge enters 4 railroad
'drtch whrch enters Valley View Branch which flows to- Walker Branch, whrch enters the West
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Fork of the Trinity Rlver The deﬁned critical drlutton is 76% el’ﬂuent The dllutxon series deﬁned
in the permit is 59, 67, 76, 86 and 98% efﬂuent

The November 1991 permit recogmzed that Bell Hehcopter had already initiated the TRE process
since the NPDES permit effective in September 1991, specified 2a WET limit. The Ceriodaphnia ,
was the most sensitive species tested. NOEC values for Prmephales survival ranged between <6
and 98% for 22 tests between October 1991, and June 1993. The TNRCC database reflects only, -
one statistically significant survival failure at the critical dilution.  However, Bell Helicopter's
historical biomonitoring data collected as a result of earlier federal requirements was not reflected
inthe TNRCC database. Six fathead minnow tests demonstrated statistically significant growth
effects at the critical dilution. - For tests that were conducted from October 1991 through June:
1993, only 1 of 21 Cerzodaphma dubia survival tests revealed statlsttcally srgmﬁcant eﬁ'ects at the
critical dtlutton

Under the TRE eﬁ'ort Bell Hellcopter 1mplemented ngorous out51de housekeepmg 1mprovements
Bell Helicopter began washing fleet vehicles off-site, plugged storm drains near potentral
contamination sources such as chemical and hazardous waste storage areas, improved
housekeepmg and containment for raw material drum storage areas, and covered and installed
containment sumps. Bell: Heltcopter has recently implemented a stormwater pollutton preventlon
plan. Statistically significant effluent toxicity has not been demonstrated for a year and a half. A
single EDTA characterization chelation test performed in January 1992 failed to yield srgmﬁcant
information as about the effluent toxicity. A permit amendment issued on July 30, 1993, specxﬁes
a WET limit that goes into effect in July 1994.

Intercontmental Termmals Comgany (ITC)

ThlS bulk hqurds storage termmal and commercral waste water treatment facnllty is located in Deer
Park. The permit issued on March 21, 1990, required the permittee to conduct the acute static
renewal 48-hour test with the Atlantic mysrd Myszdopszs bahia and the acute static renewal 48-
hour with the sheepshead minnow, Cyprinodon variegatus using samples from outfall 002.
Treated industrial wastewater is dtscharged at this outfall. The discharge enters drainage ditches
that flow to Tucker Bayou which enters the Houston Shrp Channel. The defined critical dilution
is 30% efﬂuent ‘The dilution series defined in the perrmt is 11, 18, 30 /50 and- 83% eﬂ]uent

Thxs facrhty began the TRE effort in January 1991. The mysrd has been the most sensitive specres
tested. From June 1990 through June 1993, 31 of 43 Mysidopsis bahia tests demonstrated
stattstlca.lly significant mortahty at the critical dilution. The majority of the NOEC values were
less than 11% effluent.” Since, October 1992, the Mysidopsis bahia test for survival passed at the
30% critical dilution' NOECs of 50 and 83% effluent). From June 1990 through June 1993, only
3 of 41 Cyprinodon variegatus tests demonstrated statnstrcally srgmﬁcant mortality at the critical
dllutton : _ . T
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Five initial characterization effortsin 1991 were inconclusive. No particular class of chemicals
was 1mphcated asa probable cause of effluent toxicity. ITC then launched a program of source
segregation where various waste streams were routed away from the treatment system to.
determine if elimination of the segregated stream resulted in a reduction of eﬁ'luent toxicity. ITC
isolated various third party streams and in-plant wastewaters.- The program revealed that a
particular third party stream treated at ITC's facility was ‘highly toxic: ITC ceased: acceptmg this
third party stream in June 1992. Since then, test results have demonstrated a continuous
reduction in effluent toxicity. . ITC reports that there- have been no other operatxonal changes smce
removal of the suspected third party stream.

Central Power and nght JL. Bates Statlo

This steam electnc station,is located near the Ctty of Mlssron in Hldalgo County, Texas The
permit issued on March 22, 1988, required the permittee to conduct the chronic 7-day sumval

and reproductron test with the water flea, C erlodaphma dubia and the chronic 7-day larval

survival and growth test using the fathead minnow, leephales promelas using samples from
outfall 001. Waste streams permitted at this outfall include cooling tower blowdown, low volume
wastewater, metal cleaning wastes, and storm water runoff. The dlscharge enters a drainage ditch
which flows to the Arroyo Colorado. The defined critical dilution is 100% effluent. The dxlutlon -
series deﬁned in the permit is 6. 25 12.5, 25, 50 and 100% ef’ﬂuent

This f'acrlrty began the TRE eﬁ'ort in June l989 Eﬁluent toxicity based on survival was
intermittent throughout this TRE effort. The water flea was the most sensitive species tested.
(Ceriodaphnia dubia survival NOEC values ranged between 6 and 100% effluent for 34 tests
between June 1988, and December 1992. Eleven C eriodaphnia tests demonstrated statistically
significant mortality at the critical dilution. Thirty Ceriodaphnia tests demonstrated statistically -
significant reproductron effects at the critical dilution. Test results have revealed statistically
significant mortality for only 2 of 26 fathead minniow tests conducted between June 1988 and
August 1990 Growth eﬁ'ects at the critical drlutron were mdrcated in3 of these tests.

Thrs TRE has been complicated by mterrmttent lethal toxlcny sometimes assocrated with turn-
around events. Recent TRE findings have rndlcated several probable effluent toxicants. Probable
sources of toxicity include: 1) tributyltin (TBT) used in penodlc cooling tower, treatment, 2) water
treatment process polymers and 3) copper ongmatmg within.the. steam cycle system

A January 1993, effluent sample revealed srgmﬁcant lethahty to Cerrodaphma Subsequent
investigation revealed that the cooling tower was treated with TBT in December 1992, and that
the Unit 1 cooling tower was drained while the January 1993, biomonitoring sample. was
collected. Chemical analyses. of the effluent indicated a whole effluent TBT concentration of
1.696 ppb. Interestingly, the TBT concentration determined in a filtered effluent sample was
0.541 ppb. Characterization tests revealed that toxicity was removed by filtration at every pH.
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Toxicity was also reduced in samples passed through the C!8 Solid Phase Extractlon (SPE)

o column. Past TBT treatments appear to correlate well w1th past tox1c1ty events

i

: -Methanol elutton of the. SPE column failed to recover a toxic fractlon CE&L beheves that thlS

" characteristic is indicative of surfactant or polymer behavior. CP&L reports that it is possxble that

the January 1993 effluent sample contained one of two polymers used for water treatment. These
are Chemlink IPC 6115 (which contains formaldehyde asa component) and Betz Polymer 1192.
CP&L indicated that backwash from the water treatment f'rltratlon unit may accumulate n the

‘ coolmg tower Unit 1 basm when the unit is not operatmg -

" Based on this information, CP&L performed.4_8-hour acute.range-ﬁndlng tests on non-toxic

effluent dosed with the suspect polymers.” No acute toxicity was demonstrated with [PC6115. At

. concentrations of 10 and 100 mg/L, Betz polymer 1192 was acutely toxic to C. dubia. -
s Reproduction effects were apparent at concentrations above 0.63 mg/L. CP&L suspects that the

~ .maximum expected efﬂuent concentration for this polymer should be somewhere between |- and

i 10 mg/L. » o | , e
CP&L recently conducted waste stream surveys to mvestxgate sources of copper within the plant o
Primary copper sources are indicated within the boiler and boiler cooling circuits. Unit | copper ~ \}
~ levels are consistently higher that- those associated with Unit 2.. Because the condenser forthe =~/

- Unit, 1 boiler contains brass tubes (copper and nickel), CP&L representatives speculate that.

~ copper-may readily go into solutxon at the low pH (6.7) of the cooling water. Since nickel and.
zinc are consistently present in the final eﬁ‘luent CP&L contmues to evaluate thetr potentlal

contnbutxon to the overall eﬁluent tox1cnty : o :

' MUNICIPAL CASE STUDIES

The Cahforma San Francisco Regtonal Water Quahty Control Board (Regxonal Water Board)in
‘Oakland, California supplied information for various POTWs in the San Francisco Bay Area. The -
Regional Water Board has revised many of the NPDES permits for POTWs and some industries
to include self-lmplementmg TIE language. Permittees are requxred to call the Regional Water
Board if they have any violations and then they are to follow up the call by letter or by including -
the notice with their discharge monitoring reports (DMRs). The Reglonal Water Board has found
generally had good cooperation from the facilities. About eight POTWs and more than four
refineries have performed at least a Phase [ TIE. One POTW has completed a Phase I,
confirmation study. The various studies conducted at facrlmes in Regional Board indicated
probable causes of toxicity as the pesticide diazinon, ammonia, possnble poor | lab quallty
‘assurance, hardness, and methods used for cultunng test orgamsms
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Central Contra Costa Sanitary DlStl‘lCt (CCCSD)

CCCSD began a TIE mvestlgatlon in early 1992, and completed the Phase HI conﬁrmatlon study
in early 1994. The primary cause of toxicity was found to be diazinon. As an effort to reduce the
toxicity from-diazinon, the district recently began a public information campaign describing how
homeowners and others should use and dlspose of dlazmon to lessen the env1ronmental 1mpacts

In performmg the studles the CCCSD found that if high conductivity- (or TDS) isa suspected
toxicant, then it is useful to compare the toxicity of nitrified samples to de-nitrified samples. If the
toxicities of nitrified and denitrified samples were not different, then TDS would not-account for
the dlﬂ'erence in toxicity. " In addition, as a control for conductivity effects, CCCSD increased the
conductivity of the lowest concentration of the combined effluent to the level found inthe 100
percent concentration of the combined solution. Then CCCSD compared the conductlvrty of the
concurrent reference toxicant tests.to the 100 percent effluent concentration. If the valuesin'the .
reference toxicant tests were well above the 100 percent effluent concentration, conductlvrty was
ehmmated asa suspect toxicant.

Also a metabohc mhlbttor piperonyl butoxide was: used to prevent the actlvatlon of, mdlrect actmg
,organophosphates (OPs) such as diazinon to their toxic form. This is one test to help identify the —
presence of OP toxicity in effluents. CCCSD also concluded that analytical methods with

detection hmrts under 0.1 ug/L are needed to detect OPs in efﬂuent matrix.

Crty of South San Francisé

The City of South San Francisco initiated a Phase I TIE in September-1992. Their contractor
modified the EPA TIE methods by using a C, instead of C,4 column for the SPE tests. The
contractor had previously found that some of the nonpolar organics do not elute from Cyq
columns even with 100 percent methanol. After performing the initial Phase I tests, the
contractor identified that toxicity'may have been related to the sodium ‘meta-bisulfite used to
dechlorinate the effluent. The facility adjusted their dosing of the bisulfite and came back mto
comphance with therr tox1c1ty limit.

East Bay Qtschargers Authonty (EBDA)

The results of an initial Phase I TIE study for EBDA indicated ronpolar organics as possible
causes of toxicity. Because of the high level of toxicity to Ceriodaphnia dubia, EBDA concluded
that any ﬁxrther chemlcal analyses should also target nitrogen; OPs, and sulﬁ.lr-based pestrcrdes
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City of Palo Alto

After submitting and followmg a detailed TIE study plan, the facnltty tdentxfted that tox|c1ty was
caused by hardness effects on the green alga Selenastrum capricornutum. The study consisted of
toxicity charactenzatlon POTW- performance evaluation, TIE, toxicity source evaluation, in- plant
control evaluatlon tox1c1ty control selection, and control 1mplementatlon with follow up
momtormg

In explonng the tox1c1ty to Selenastrum, the fac1llty found that metals, amons and elevated
hardness play major roles. Other tests performed suggested that zinc was the prime suspect in.
metal toxicity. 'In performmg the aeration tests, the facility found reduced toxicity at pH 11.
Tox101ty was eliminated at pH 3.. This could mean that toxicity was caused by compounds volatile
under- acidic conditions (e.g., hydrogen sulfide) or by short chain acidic organics. Alternatively,
the results could mean that under acidic conditions, insoluble prectpltates are formed’ and that thls
reactlon is catalyzed by the mixing assocnated with aeration.

In addmon a loss of tOXlClty via aeration may also be caused by surfactants In order to evaluate
that possibility, the facxltty redissolved residual materials in the aeration vessels in clean water and .
then tested for toxicity. Upon finding no toxtc1ty the facility concluded that surfactants were not
a cause of toxxcxty
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AMBIENT TOXIGITY TESTING PROGRAMS

The followmg contains a brlef summary of the uses and ﬁndmgs of selected laboratory toxrcnty
testing projects with ambient water samples collected in California durmg the last eight years with
the objectives of screening for and identifying water quality problems. Ambient water toxicity
testmg has been used by Regional and State Water Boards, not as a compliance measure, but -
rather as a screenmg tool which can be followed up with Toxicity [dentification Evaluations .
(TIEs) and analytical chemistry procedures.to identify the specific chemical causes of water
quality problems. There is no officially deSIgnated amblent water tOXlClty testmg program m
California.

COLUSA BASIN DRAIN--PESTICIDES USED IN RICE CULTIVATION

In the spnng Colusa Basin Dram (CBD) recelves large quantmes of tatlwater discharged from rice
field floodings. CBD, in turn, discharges into the Sacramento River and, dunng this time, can
constitute up to one thll‘d of the nver ﬂow

Acute tox1c1ty tests were conducted w1th water samples collected from CBD before dunng, and
after the release of tallwater from rice fields. Tests organisms weére Ceriodaphnia, Neomysis, and
stnped bass larvae and eggs. These toxicity tests clearly identified.toxicity associated: with the
discharge of tailwater from rice fields.” TIEs and associated chemical analyses specifically -
identified some of the pesticides used in rice cultlvatton as the causes of toxicity to Cerzodaphma
and Neomys:s

As a result of these findings, the Central Valley Regtonal Water Quallty Control Board and the
Department of Pesticide Regulation (DPR) initiated actions which resulted in alterations of
irrigation practices on rice fields (e.g., increased holding times of irrigation water followmg the
application of pestxmdes) The increased on-field holding times resulted in decreased frequency |
and magnituide of toxicity, as well as lower concentrations of pestlcxdes in CBD and Sacramento
River water samples during the release of rice 1rr1gatlon tailwater. Water quality of the CBD.
discharge was clearly improved asa consequence of the mformatlon gamed from tox1c1ty testmg
and TIE data

IMPERIAL COUNTY -- ALAMO RIVER

There is extenswe trngatlon of Impenal County agnculture with Colorado Rrver water via the All-.
American Canal. The Alamo River, which dtscharges into the Salton Sea, consists primarily of
agricultural irrigation tailwater. For over two years, water samples have been collected at up to
11 stations along the SO mile course of the Alamo River. These samples | have been screened for -
water quality usmg 96 hour acute toxrcrty tests wnth Cenodaphma and’ Neomyszs

Although the head water of the Alamo Rlver in the Umted States has never tested toxic, frequent
and hlgh magmtude acute lethahty ‘has been seen in water samples taken along the entire length of
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the river which receives 1mgatxon tailwater. TIEs and associated analytical chemtstry have clearly
demonstrated that five pesticides, chlorpyrifos, diazinon, carbofuran, malathion, and carbaryl are
major contnbutors to the toxrcrty in many of the Alamo River toxic samples

Staff from the Colorado River Basin Regronal Water Quality Control Board and the State Water
Resources Control Board (SWRCB) and DPR have agreed to work cooperatively to reduce
pesticide concentrations in the Alamo River. These three agencies, along with the Imperial
[rrigation District, will attempt to convene an Interagency Coordinating Committee (ICC) of
interested parties to assist in the development of practices aimed at reducing pesticides in the
Alamo River to-nontoxic levels. This ICC could include the above entities, as well as the Impenal
County Agricultural Commissioner, the Farm Bureau, grower organizations, pestxcnde adv1sors
apphcators organizations, and the So:l Conservatlon DlStl‘lCt

SAN JOAQUTN' RIVER WATERSHED : R

The San Joaquin River has the second largest watershed in California and, due to extensive -
hydrological manipulations, this river now receives large volumes of agricultural tile drain water,

as well as irrigation tailwater. The San Jodquin and its tributaries were extensively sampled from
February 1988 through June 1990. The samples were screened’ using the EPA chromc freshwater —
three specxes methods, Cenodaphmw Pimephales, and Selenastrum

A pattem of frequent and high magmtude acute mortality to Ceriodaphnia was demonstrated in a
43. mile stretch of the San Joaquin River between its confluence with the Merced  and Stanislaus
Rivers.. Based on chemical analyses of the toxic samples, the primary causes of the toxicity water
quality problem were attributed to pesticides, including diazinon, chlorpyrifos, carbofuran,

carbaryl and parathion. The US Geological Survey and. DPR performed subsequent studies on the
San Joaqum River which conﬁrmed extensive pesnctde contamination. .

Althéugh no regulatory actions have been mltrated to address these water quallty problems the
San Joaquin County Agricultural Commnssroner has been confernng with the Central Valley
Regional Water Quahty Control Board staﬁ' reg,ardmg these problems

SACRAMENTO SAN JOAQUI’N DELTA ESTUARY

‘ The Sacramento-San Joaqum delta estuary is of monumental ecologxcal aesthetic, and economic
significance in California. - Over. the past 21 months there has been extensive samplmg
(approximately 24 sites, sampled monthly) in the delta estuary. These samples have been
screened with the EPA chronic freshwater three species methods, Ceriodaphnia, Pimephales, and
Selenastrum. The data collected to date demonstrate penodlc and w1despread water quahty
problems in this cntlcal area.
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Although the causes of the tOXlClty have not been completely |dent1ﬁed TIEs and chemtcal
analyses reveal that chlorpyrifos, diazinon, and carbofuran contribute ta the toxicity seen at some
times during the year. These data are currently being mcorporated into a- draft report which wrll
be crrculated for techmcal revrew

ORCHARD RUNOFF IN THE CENTRAL VALLEY

Consrderable acreage in the Sacramento Feather and San Joaquin River watersheds is devoted to
fruit and nut growing. - Acute toxicity screening tests of water samples collected at multiple sites”
throughout these watersheds indicated water quality problems during January and February.
Specrﬁcally, many of the samples collected during thlS time yielded Cerrodaphma mortahty

Follow up analyttcal chemlstry and |mmunosorbant analyses pomted to diazinon, a pestrcrde
applied to dormant orchards during December and January for the control of a bud boring i msect
asa water quality problem in these watersheds. The concentrations of diazinon measured in
samples collected during this period frequently exceeded the acute mortaltty LCSO0 of several
aquatic species.  These studies also suggested that certain- orchard areas surroundmg the F eather
Sacramento and San Joaqum Rtvers were the geographtc source of diazinon.

To date no regulatory actions have been taken to control the offsrte movement of this pestlcrde
However, DPR, UC Davis Extension {the BIOS project) and Ciba-Geigy Corporatton (a
manufacturer of diazinon) have conducted some exploratory studies on practices which could
reduce the offsite movement of dtazmon These studtes mcluded the voluntary cooperation of
growers

REVOLON SLOUGH/MUGU LAGOON

Mugu Lagoon is considered a srgmﬁcant ecologtcal area which may be at hlgh risk. Revolon.
Slough, in Ventura County, receives large volumes of agricultural irrigation tailwater. Water was
collected at sites on this slough over the course of a year and screened with the EPA chronic
freshwater three specres methods Cerrodaphma leephales and Selenastrum

Data from this study revealed penodtc tox1c1ty to each of the three species. Based on these tmttal
data, another year of testing has been initiated which wrll mclude TIEs and chemical analyses to
rdentlfy the causes of water quality problems

ANAHEIM/NEWPORT BAYS

-

Four freshwater streams and channels dtschargtng into the sensitive Anahetm and Newport Bays .
were sampled Four sntes were sampled twice between November through February. Water

7
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quahty in these samples was screened using the EPA chronic freshwater three specxes methods
Cenodaphma szephales and Se/enastrum

Penodlc acute and chromc toxrcrty were detected in these samples Dlscharges into Newport Bay:
were primarily toxic to Ceriodaphnia. TIEs suggested that the toxicants were organic chemicals
and, although pesticides were detected in these toxic samples, there was no confirmation as to the-
causes of toxicity. Freshwater discharges into ‘Anaheim Bay proved to be toxic to all three test -
species, but there was no identification of the causative chemicals.. Funds were not avarlable to
specrﬁcally ldentxfy the causes oftoxxcrty or to follow up these initial ﬁndmgs

FINAL COM]\/[ENTS

Despne low, and ever-declmmg, funding, toxicity testmg of surface waters has proved to be
powerﬁxl water quality screening tool. Given the refative short time this tool has been used, it has
an exceptional record for indicating water quality problems. Specifically, toxicity testing w1th
subsequent TIEs and chemical analyses have an excellent record in locating the geographlc
source, land use practices, and chemtcal causes of water quahty problems

e

Surface water qual:ty toxicity testmg studres plus TIE results also, have evoked several : -
Department of Fish and Game hazard assessments for specific pesticides.  These assessments.
mclude the development of' water quality criteria for the pesticides. In' the last ten years, ambient
water toxicity testing in association with TIE and analytical chemistry results have ytelded the
potential for several changes in land/water use practices.
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ESTABLISHING REASONABLE POTENTIAL

BASIS FOR ESTABLISI-IING REASONABLE POTENTIAL -
| ‘\IPDES regulatlons at 40 CFR 122.44(d) requlre the permrt wnter to establish efﬂuent limitations
for pollutants, including whole effluent toxxcxty (WET), which are discharged in amounts that
~ cause, have the reasonable potential to cause, or contribute to an exctirsion above State water

: 'qualxty standards mcludmg State narrative objectlves for ‘water quallty

- As requlred under 40 CFR 122 44(d)(1)(i1), the permlt writer must’ consrder a number of factors

~ in establishing reasonable potential including existing controls on point and nonpoint sourées of -

pollution, pollutant variability in the effluent, sensitivity of toxicity test species, ahd dilution in the

receiving water. -The following discussioris outline the tiered methodology followed when

* conducting a reasonable potential evaluation. ‘Regulations ‘supporting reasonable potentlal
deterrmnatrons are dlscussed in the TSD (see Chapter 3). ‘

J ustlﬁcatron for imposing water quality-based eﬁluent hmxtatlons based on reasonable potentlal rs
requnred in the statement of basts, or fact sheet [see 40 CFR-122. 44(d)(v1)(C)]

: ESTABLISHING REASONABLE POTENTIAL WITH FACILITY SPECIFIC DATA
Where facility-specific eﬁluent data are available, reasonable potentlal is evaluated ina sequentlal
- (i.e,, tiered) process. The first-tier analysis may be performed by using a simple steady-state mass .
balance equation. The mass balance equation relates the mass.of pollutants upstream of a poiat

source discharge; to the mass of pollutants downstream after mixing of the discharge in the
receiving water is complete. The general mass balance equation for the recommended steady-
state model (see Training Manual for. NPDES Permit Wnters EPA 833 B-93-003, March 1993
pp 6-10) is:

QdCd + QsCs = QrCr where . o

' .Qd _=;. waste dlscharge ﬂow in million gallons per day (MGD) or cublc feet per second
' (cfs) : _

Cd= waste dlscharge pollutant concentrahon in toxic umts for WET (TUa or TUc)

Qs = rbackground in-stream ﬂow in MGD or cfs above pomt of drscharge dunng cntlcal
o ﬂow condmons ' B

%Qs— percent of upstream flow allowed by mrxrng zone standard | |

+Cs= background m-stream pollutant concentrauon in tOXIC umts for WET (TUa or
TUc) ' : : ‘ :
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ESTABLISHING REASONABLE POTENTIAL \}
Qr=resultant in-stream flow after discharge in MGD or ¢fs:  %Qs +Qd

Cr= pé’éultant in-stream'pollutant concentration in toxic units for WET (TUa or TUC) in
the stream reach (after complete mixing) - ' ' ' '

‘For reasonable potential determinations, this equation is rearranged to solve for the resultant
in-stream concentration (Cr) at the edge of the mixing zone: |

T Cr=(Qd)Cd) + (Qs)Cs)

‘Using the mass balance equation; Cr should be calculated using conservative (i.e., critical)
assumptions for background in-stream receiving water flow (Qs), background in-stream receiving = -

water pollutant concentration (Cs), waste discharge flow (Qd) and waste discharge pollutant

concentration (Cd). Critical waste discharge conditions should be represented by the highest

.

observed pollutant concentration and waste discharge flow: Critical background in-stream
receiving water flows are: 1) the 1Q10 flow (1-day low flow over a 10-year recurrencé interval)
for calculating acute effects and 2) the 7Q10 flow (consecutive 7-day low flow over a 10-year
recurrence interval) for caléula,t_ing chronic effects. The State of Alaska uses 30Q2 (consecutive
30-day low flow over a 2-year recurrence interval). Where possible, background in-stream- |
pollutant concentrations should correlate with critical background in-stream flows, as critical
pollutant concentrations occur during low flows, or are associated with stormwater. For WET,
Regions 9 and 10 recommend that background be assumed to be zero, unless data are available.
'Ambient low flow data, developed by the U.S. Geological Survey, are available through
-STORET. g S S o

\'vﬂ"

7

Once the projected maximu_m in-stream pollutant concentration (Cr) is calculated, this valuevca'.n
be compared to the appropriate water quality criterion (WQC). Where Cr is greater than the

wWQC, reasonable potential is established for that pollutant at the specified _cffe_Ct level (i.e., acute )
or chronic). When reasonable potential is demonstrated, water quality-based effluent limitations
must then be developed for WET. ' - ' S - '

- . If the projected maximum resultant in-stream pollutant concentration (Cr) is less than the wWQC.
the permit writer must then exercise judgement to determine whether reasonable potential exists.
This judgemient depends on how large the difference is between Cr and the applicable WQC, the
uncertainty of maximum effluent concentrations, type of discharger, and the sensitivity of the
receiving water. To assist in making this judgement, a second-tier assessment may be performed
that statistically addresses the uncertainty of maximum effluent concéntrations for individual
pollutants. The second-tier analysis is a six step process (see TSD, Box 3-2, p. 53) and is
conducted for an effluent pollutant data set as follows: .. .- '

4 Y
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'

| Calculate the coeﬁlcxent of variation (CV), where the CV is the standard dev1at10n
over the mean (o/p) (see TSD, Appendix E). For sample sizes less than 10(k <
lO) a default CV of 0. 6 can be used (see TSD, Box 3-2, p 53)

2 Choose uncertamty multlpher from Table 3- 1 or3-2 (see TSD p. 54) using k and
the CV. The 99% conﬁdence level and 99% probablhty basis (Table 3- l) is
recommended. -

3. - Calculate the adjusted thaximum eFﬂuent concentratlon by multlplymg the
uncertainty multxpher times the htghest observed. efﬂuent concentratton (Cd)

4 Re- calculate the max1mum resultant in-stream pollutant concentranon (Cr) using
the. adjusted maximum eﬁluent concentranon (Cd) and the mass balance equatlon -

5. - Compare Cr w1th the apphcable criterion. Reasonable potentlal is estabhshed
when Cr exceeds the criterion. : -

When reasonable potentlal 1s-established by either first- and/or second-tier analyses, a water - =
quahty based effluent limitation must be included in the permlt for WET A case example i
presented at the end of thlS appendix.

ESTABLISHING REASONABLE POTENTIAL WITHOUT FACILITY SPECIFIC
EFFLUENT DATA

Where facxhty-specxﬁc el’fluent data are lackmg, the permlt writer may still conduct a reasonable
potential evaluation. Estabhshmg reasonable potential urider such tircumstances requires a
systematic consideration of all applicable f'actors in 40 CFR 122. 44(d)(1)(n) (see TSD, pp 50 51
and Box 3-1, p: 49) including:

° Exxstmg ambient water quality data

o Avallable dllutlon in the recelvms water

° Type of recelvmg water and desngna‘ted uses, -
° lndustry/POTW type and nature of the dlscharges

L x Comphance htstory and hlstoncal toxic lmpacts and

e ' Information from perrmt applxcanon or DMRs
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ESTABLISHING REASONABLE POTENTIAL \l
If a review of ambient monitoring data shows in-stream exceedances or near exceedances of a

criterion for toxicity and WET is present-in the discharge, reasonable potentialis. clearly

‘established and effluent limitations for WET should-be included in the permit. - The in-stream

exceedance of the toxicity criterion indicates that the receiving water: body cannot assimilate any
additional load of toxicity. Consequently, compliance w1th the criterion for tox101ty must be met

at the end- of~p1pe (i.e., no drlutlon)

FINDING NO REASONABLE POTENTIAL

Where emstmg efﬂuent momtormg data show no reasonable potentlal for excursions ‘above

ambient appltcable criteria, the permit need not contam water quality- based effluent- limitations. "
However, the permit writer ‘may include monitoring requirements in the permit to coritinue to re-
affirm initial reasonable potentral determmatrons and to monitor for ef’ﬂuent changes (see TSD
pp5964) o ’ B : e

CASE EXAMPLE ‘-

Facility Descriptio

g~

A regional wastewater treatment plant (Regional Plant) discharges to a river. The Regional Plant
treatment train consists of coarse screening, aerated grit chambers, primary sedrmentatron pure
oxygen activated sludge, secondary clarification, -and disinfection using
chlorination/dechlorination systems. The river in the vicinity of the drscharge is mfluenced by -
tides and slack flows and flow reversals may occur. In order to insure rapid mixing in'the
recetvmg water and prevent a breakdown in jet diffusion, the secondary effluent is diverted to an-
on-site emergency storage basin. Once the river flow is sufficient for adequate mlxmg of the
effluent, the dlscharge is. resumed DeSIgn effluent flow is 180 MGD:.

Data = ' ‘ o |

Based on mformatlon prowded the 7Q10 is estrmated to be 7500 cfs. Usmg the de51gn flow of
180 MGD, this would correspond to an instream dilution of 26:1. Based on the analysis provided
for the diversion of the effluent during low flow periods, a minimum dilution of 14:1 would occur
mfrequently, as a result of extreme high tides and low flow conditions, is a short-duratron event
(less than 1-hour in duratlon) and is used to assess for the exceedance of the CMC (1 e., acute
eﬁ'ects)

¢

‘

The followmg table is a summary of the results of 20 chromc tests conducted by the facility.”
Based on those results, the value for k is 20, the highest effluent concentration of WET observed ‘
was 16 TUc and the CVisO. 9 The uncertamty multlpller from Table 3-1'is 3. 2.
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Toxicity test results, TUc | 2,2.2,4,4,4.22.22244482>1616228
ACR . IO
Chronice dilution 26 1

Acute dilution - 14 1
Ccv 0.9 ,
k . 20

Uncertainty multiplier - - 3.2
(RPF)

In order to evaluate reasonable potentlal for the acute cntenon the chromc results need to’ be
converted to TUa le 16/ACR = 1.6 TUa

Acute (1.6 TUa)(3 2)/14 0.4 TUa
0.4 TUa> O 3 TUa (acute cntenon)

Chronic: (16 TUc)(3 2)/26 = l 9 TUc
1.9 TUc> 1.0 TUc (chromc criterion)

Based on these results both acute and chromc criteria for toxicity have demonstrated a reasonable
potentlal to be exceeded Permit llmlts for toxicity must be developed this discharge.
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CALCULATING WATER QUALITY:BASED EFFLUENT LIMITATIONS - ; §

OVERVIEW

Water quahty-based ef’ﬂuent lrmttatrons (WQBELs) are based on mamtammg eﬂ'luent quallty ata
level that will comply with appropriate criteria, even during critical conditions in the recenvmg
water. ' These effluent limitations are based on the allowable effluent loading concentration, or
waste load allocation' (WLA). Pollutant WLAs can be adjusted for effluent variability using
statistics calculated from historical effluent data; these adjusted WLAs define the desired levels of
performance, or targeted long-term average discharge conditions (LT As)-for specific applicable
criterion effect levels (i.e., acute or chroric). Permit limits are calculated using statistics derived.
from hlstoncal eﬁ'luent data and the most. llmmng target LTA fora specnﬁc apphcable criterion.

The coet’ﬁcxent of vanatton (CV) is the crmcal statistic calculated for each pollutant usmg

historical effluent data. Where htstoncal data are insufficient (ie., k < 10), the CV may be

estimated by 0.6 (see TSD, Appendix E, p. E-3). Statistical derivation procedures for the average = -~
monthly limit (AML) for whole effluent tox1c1ty (WET) should assume that at-least one sample .

(n) will be taken per month.

}

The WLA requtred to protect agamst both acute and chronic eﬁ'ects under cntlcal condmons may

be calculated using either steady-state or dynamic models. For chronic WET and other cases,a = - -.
WLA for a WET:is not apportioned under a total maximum daily load (TMDL) for the receiving

water. In such cases, the allowable effluent loading concentration (Cd) based on steady-state
assurnptlons may be substituted for the more rigorously determined WLA. The steady-state

model is the mass balance formula, QdCd + QsCs = QrCr, used in reasonable potential

evaluations. However, the equation is rearranged to solve for the effluent concentration (Cd), or

WLA, necessary to achieve the appropriate applicable criterion. For compliance purposes, the

criterion for tox1c1ty is set equal to Cr, where Cr s the apphcable cntenon

et

WLA Cd [Cr (Od +%Qs)] - l(Csl(%O,)] where
Qd

Qd = waste dtscharge ﬂow in mtlhon gallons per day (MGD) or cubic feet per second
(cfs)

Cd= waste dxscharge pol]utant concentratton in toxic units for WET (TUa or TUc)

Qs= background m-stream ﬂow in MGD or cfs above pomt of dtscharge

! ' “Wasteload allocation” is the portion of a receiving water’s total maximum daily
load. that is allocated to one of its .existing or ﬁJture pomt sources of pollution. : ,

K-2
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Cs background in-stream pollutant concentratlon in toxrc umts for WET (TUa or
TUc) settmg Cs =0is recommended for WET

Qs = percent of upstream ﬂow allowed by mlxmg zone standard
Qr= resultant in-stream flow after dlscharge in MGD or cfs: %Qs + Qd

Cr = applicable toxicity criterion = resultant in-stream pollutant concentration in toxic
units for WET (TUa or TUc), in the stream reach (after complete mixing)

In most cases, this steady-state model should be used to calculate the WLA (i.e., allowable
effluent concentration) that will meet acute and chronic water quality criteria for the protection of
aquatic life at 1Q10°and 7Q10 desrgn flows, respectively (see TSD, p. 68). Amblent low flow
data from the U S Geological- Survey are avatlable on STORET.

When calculatmg the WLA it should be noted that lf State water quallty standards and plans do
not exphcntly allow the application of mixing zones, the appropriate applicable criterion must be
met at the end-of-pipe (i.e. , applicable criterion = Cr=Cd = WLA). Where mnxmg zones are
allowed, appropriate State procedures should be applted ‘ -

If adequate receiving water ﬂow and el’fluent concentration data are avallable to estimate”
frequency distributions, dynamlc modeling techniques can be used to calculate allowable effluent
loadings that will more precisely maintain water quality standards (see TSD, p. 97). However the
steady-state mass balance equation, when coupled with the recommended conservative
assumpttons should be adequately protectrve of recetving water beneﬁcral uses

WLAs calculated using State water quality criteria for WET can have both acute and chronic
requirements, whereas: WLASs determined using some other State water quality criteria for WET
may have only chronic requirements..-For permit implementation, acute and chronic WLAs need
to be converted to maximum daily limits (MDLs) and average monthly limits (AMLs) For
effluent-dominated waters (EDWs) and other low flow situations, MDLs and monthly medians
should be used (see Chapter 2). The followmg methodology (see TSD, Box 5-2, p. 100; Figure
5-4, p. 101; and Tables 5-1, 5-2 and 5-3, pp. 102-103, 106) is’ designed to derive permit limits for "
specific pollutants and WET to achieve calculated WLASs at the 99% conﬁdence level for MDLs
and the 95% confidence level for AMLs .

| D Usmg the mass balance equatton to solve for the allowable effluent concentratton

(Cd) or WLA, for WET:

H

a. Set.Cr equal to acute chromc criteria.
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5

b. Background receiving water (Qs), dlscharge (Qd) ﬂows and background
pollutant concentration (Cs) should represent critical condltrons

c. Solve for acute (WLAa) and chromc (WLAc) waste load allocations
Convert the acute WLA to chronic toxic units (WLAa,c). | 5
WLAa,c(in TUc) = WLAa (in TUa) - ACR

To calculate the coefﬁcrent of variation (CV)

a, - Use effluent data set of 'k’ observatlons (k is > 10) to calculate the mean
(u) and standard devratron (0) (see TSD Appendlx E)

b. Calculate the coefﬁcrent of vanatron (CV), where
Cv= O/u

c. 'Where the eﬁluent data set is small (k < 10), the conservative value of 0.6
is recommended to estrmate the CV (see TSD, Appendlx E, p. E-3)

To deterrrune long-term averaged drscharge condmons (LTAs)
Use the followmg equattons to calculate acute and chromc long-term average
discharge conditions (LTAa c and LTAc) that will satisfy the acute and chronic
waste load allocation (WLAa,c and WLAc). The CV calculated above is used to
estimate both acute and chronic WLA multrphers (see TSD, ‘Table 5-1, p. 102).

LTAa c= WLAa cre 30 ’°'

LTAc WLAc e ¢ 03 °4 Zo4l where

e 030 -20) = cupe WLA multtplier

e 039¢*-294) = chronic WLA multiplier

z=  2.326 for the 99th percentile occurrence probabthty for the

- LTA is recommended

Determine the lower (more limiting) long-term average discharge condition (LTA)

LTA = mintmum (LTAa,c or LTAc)
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6. . Calculate the maximum dally permit limit (MDL) and average monthly permit hmnt
(AML) usmg the lower (more hmmng) long term average dlscharge condition.

Use the followmg equattons to calculate the MDL and AML. The Cv caqulated
above is used to estimate both acute and chronic LTA multipliers (see TSD, Table
52, p. 103)

MDL =LTA - e‘” 0507 where

g ro-050 = MDL LTA multlpher
z=  2.326 for the 99th percentile occurrence probablllty for the
MDL i is recommended

AML LTA-e"°' o0 where
e “° “030p1 = AML LTA multlpher

z=_ -1.645 for the 95th percentﬂe occurrerice
probability for the: AML is recommended

~n=.  number of samples/month

Following these procedures the maximum dally limit (MDL) and average monthly hrrut (AML)
may be then mcorporated into the perrmt as justifiable water quahty-based efﬂuent hmltattons

}

EXAMPLES
No Drlutloh“Ava‘llable

Thxs ﬁrst example is a publicly owned treatment works (POTW) dlschargmg to an' efﬂuent-
dominatéd stream. The example shows the steps that a permitting authority would take to
establish a water quality-based effluent limit for WET. Examples showing how it was determined
that this POTW discharge needs a hmlt for WET are: contamed in Appendrx ], Establlshmg
Reasonable Potential. .

General site description and information. This facility discharges up to 5.8 MGD. Based on
the available information, the acute to chronic ratio (ACR) is 10. The CV, based on available
data, is 0.7, the water quality criterion for chronic toxicity is 1.0 TUc, and the acute criterion for
acute toxicity used is 0. 3TUa. The State water quahty standards allow an assumptlon of
complete mix.
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Determine wasteload allocations. The WLA is used to determme the level of efﬂuent
concentration that will comply with water quality standards in receiving waters. Using the -
information avallable on dllutlon WLAs were calculated for WET usmg the complete mix
equation:

WLA (Cd) = ([Cr(Qd+QS)l UCsHQ9VQd

Smce thlS is an eﬁluent dommated sxtuatlon and background concentratlon Cs is set to zero, the
equatlon snmpllﬁes to

WLA Cr[(Qd+Qs)/Qd] . : '

WLAa O31—O3TUa

WLAa,c = WLAa- ACR = 0.3- 10 3.0 TUa
Calculate long term averages (LTAs) : The process for calculating LTAs for toxicity is the
same as for chemical-specific pollutants except for the additional step of needing to express the

WLA for acute. toxxcxty in equivalent chromc tox1c units by multiplying by the ACR of 10.

LTAac—WLAac e[°5°"°'
LTAa,c— 3 x.281, where:

281 is the acute WLA multlpher for CV =0.7 at the 99th percentlle (from Table 5- l p
102 ofthe TSD)

'LTAa c= 843 TUc

LTAc=WLAc'e [°’° 4‘
LTAc =1x 481 where

481 is the chronic WLA multxpller at the. 99th percentxle (from Table 5 1, p 102 in the
TSD)

LTAc 0481'-TUc' . ‘ . : .

Select the minimum LTA The LTA based on the chromc WLA is more hrmtmg and will be
used to develop pemut limits. -

Calculaté the maximum danly l|m|t (MDL) ~‘Using the equations given above in step 5
the MDL is.calculated as:

A
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-

MDL =LTA - e[2°-9591  \here
(zo 059 = MDL LTA multrplrer
z=" 2 376 for the 99th percentrle occurrence probablllty for the MDL is recommended
MDL = 481 3. 56 (from the LTA multlplrer in Table 5-2, 0n p 102 of the TSD)
MDL = 1.7 TUc

Calculate the average monthly l|m|t (AML) : Usmg the equatlons in step 5, the 95th
percentlle and monthly samplmg the AML is calculated as:

AML = LTA - € 2% %5 | where
(zo) -0.50 1 =AML LTA multrpller

z= 1. 645 for the 95th percentlle occurrence 2
probabrhty for the AML is recommended

\

n= - number of samples/month (the TSD recommends that a minimum n of 4 be used
even.if momtonng is less frequent)

AML = .481 x 1.65, where
L 65 is the LTA multlplrer from Table 5 2 on p 103 ofthe TSD

AML 0 8 TUc
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STATUTORY AND REGULATORY CONSIDERATIONS

Drscharge \/Iomtonng Report Qualrtv Assurance ( DMR OA)

The DMR- QA program evaluates the ablllty of a major 1\IPDES permlttee to analyze and report
data. This program is intended to improve overall analytrcal performancé for self-monitoring
data. Authority for requiring participation is granted under section 308(a) of the Clean Water
Act. In the DMR-QA program, major permittees who have effluent toxicity limits or effluent
toxicity self-monitoring requirements are required.to analyze "blind" reference toxicant samples
with the type of toxicity test required in their NPDES permit. The permittees' results-are
compared to the true value and an evaluation of the reported data is sent to the permittees.
Permittees are expected to use the same personnel and methods employed for reporting NPDES
data to analyze the samiples. Permittees are requnred to follow the instructions for reporting
results and mclude a 51gned certification statement in accordance with 40 CFR Part 122 22.

Toxxcrty samples, unhke the chemrstry samples are shrpped directly to the’ laboratory performlng
the tests, either an in-house laboratory or.a commiercial laboratory The list of toxicity support
laboratories is generated from the information received from the announcement letters sent to. the
permittees. It is the permittee's responsibility to notify the labonatory that they will be receiving
the toxicity samples. The laboratories are only requrred to perform the type of tests’ requtred in
the perrmt not all of the tests avarlable

Both the permrttee and the support laboratory are responsrble for subrmttmg the toxrcrty test
results by the designated due date. Support laboratories must submit results to the permittee and
the EPA contractor coordinating the DMR-QA study. Permittees that perform their own toxicity
tests are required to submit their data twice, once on the toxicity data report form and once on the
permittees data report form. Instruction packages received by both the permittee and laboratory
contain the data report forms and further instructions-on reportmg requirements.

WET testmg DMR- QA results are comprled annually by the EPA contractor coordmatmg the
study. Permittees, EPA Regtonal Offices, and State coordinators receive performance evaluatton
reports on the DMR-QA study results approxrmately 5 months after the data is reported.
Regulatory agencies (states and EPA) can conduct follow—up investigations to address poor or.
mcomplete Dl\rﬂl QA results failure to’ partrcrpate or late submtttal of DMR- QA results

Perrmttees (or contract support laboratones) that receive reports evaluatmg their results as "not
acceptable or "unusable” must submit a written response explaining the reason(s) for these
results Thls letter should be submrtted to the state and/or regronal DMR QA coordmator

T he general schedule for the DMR- QA study is outlmed below. Tasks in 1tallcs indicate those
tasks to be conducted by the EPA contractor coordinating the DMR-QA study; those in normal
format are those tasks required by the permittee. Since the study schedule spans two ﬁscal years,
years one and two are, labeled as FY 1 and FY 2

L-2
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TABLE L-1. DMR-QA STUDY MILESTONES

ACTION ITEM - : DUE DATE

Studjz annozmcement letter sent to parnczpanls : ‘November F Y/

Name & address of toxrcrty laboratory performmg Late December FY 1
tests submitted to EPA contractor

Samples shipped to partzcrpants January - February F Y 2

Analyses perforrned - : T Approximately 7 weeks

Results from. pamcrpants due to EPA contractor . March - April FY 2

Report mailed to parnczpanls and DMR OA .| August - September FY 2. g
(‘oordinators

Corrective action letters (wntten response) due to . October FY 2
study coordinator

Contacts. Techmcal assistance with toxicity test conditions, data reporting, and instructions
assistance should be addressed to John Helm, the EPA Headquarters contact for the toxicity
testmg DMR- QA program, at (202) 564- 4144 (EST).

The EPA contractor coordmatmg the DMR- QA study from September 29, 1994 to September
30, 1999 is ManTech Environmental Technology, Inc. ‘The contractor should be contacted for
study schedule, sample shipment, and the availability of additional reference toxicants. The
ManTech contact for regional and state coordinators is Terry Bundy at (919) 818-5743 (EST)
The ManTech contact for permittees is Stewart Nrcholson at (919) 406 2164 (EST).

‘The Regronal coordmator or state coordmator should be contacted for the study schedule
corrections in permittee information, and technical assrstance The state and EPA Regxon
contacts are listed below. .
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TABLE L-2. DMR REGION 9 STATE COORDINATORS

Region 9
Carolyn Tambwekar

USEPA Laboratory -

1337 S.46th St., Bldg. 201
Richmond, CA 94804-4698
(510) 412-2383

Hawaii

Randy Chow

State Laboratories Division
Department of Health

P:O. Box 3378

Honolulu, HI 96801

(808) 586-4501

American Samoa

Executive Secretary

Environmental Quality Commission
American Samoa Government
Pago, Pago, AS 96799

(684) 633-2304

Nevada

Wendall McCurry

Division of Envxronmental Protectlon
Department of Health

201 South Fall Street

Carson City, NV 89701

(702) 687-4670

Arizona

Wynand Nimmo

Division of State Lab Serv1ces
1520 West Adams Street:
Phoemx, AZ 85007

(602) 542-1188

Northern Islands

Russell Mechem

Division of Environmental Quallty
Mariana Island

P.O. Box 1304

Saipan, CM 96950

(670) 234-1003

Califomnia. .
Bill Ray
State Water Resources Control Board
P.O. Box 944213
Sacramento, CA 94244-2130
916 657-1 123

L-4
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TABLE L-3. DMR REGION 10 STATE COORDINATORS

Alaska. I[daho .~ - . Lo | Washingto

Lisa Macchlo _ R -| Stewart Lombard

Regional Coordmator : : Washington State
USEPA-WD I35 Department of Ecology

1200 Sixth Street .| Quality Assurance Section
Seattle; WA 98101 P.O..Box 488- 2350 Colchester
(206) 553-1834 - e - Manchester, WA 98353

(206) 895-4649

Oregon
Renato Dulay (Industnal)

Judy Johndohl (Municipal)
Department of Environmental Quallty
Executive Building

811 SW Sixth Avenue o \ oz
Portland, OR 97204
503) 229-6896 - ~ S o I

Anzona Program

The Anzona Department of Health Services, Office of Environmental Laboratory Licensure and
Certification shall license laboratories to perform aquatic toxicity tests on wastewater samples.
The licensing is mandated by law in Arizona Revised Statutes, Title 36, Public Health and Safety,
Chapter 4.3, Article 1, Section 36- 495 to 36-495.16. Certxﬁcatlon ‘of methods for acute and
chronic toxicity testing of effluent water will be dependent upon which manual is referenced in the
facilities' NPDES permit(s). Laboratories requesting licensure. for acute and chromc wastewater
tests must conclude the apphcatron process and pass an on-site survey

The initial on-site survey is immediately scheduled after concludmg the’ application process. The
survey will include a review of data (historical and present), standard operating procedures, EPA
DMR-QA studies and quahty assurance procedures To maintain llcensure ‘on-site surveys are
performed annually

A report containing statements of deﬁcnencnes and recommendat:ons llstlng areas in which the
laboratory was deficient during the on-site survey would be sent within 30 working days. The
laboratory would then be licensed if there are no deficiencies, or after the deficiencies have been
resolved. Interested parties should conduct Arizona Department of Health Serwces at (602) 255-
3454 for addmonal mfonnatlon or to obtam an apphcatlon
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California Program

The Calrforma Department of Health Servrces Envrronmental Laboratory Accredltatlon Program
(ELAP) shall certify laboratorles to perform aquatic toxrcrty tests on wastewater samples.
Certification of laboratories is. mandated by law in Title 22, CCK Division 4, Chapter 19,
Sections 64801-64827. Certification is available for all types of acute and chronic wastewater:
tests that are currently (1/ 12/95) requrred by the State Water Resources Control Board

‘Three steps must normally be completed to obtain ELAP reglstranon to’'conduct aquatlc toxrcnty
tests. - The process includes appllcatlon submnssron site mspectlon and data review, and resolution
of deficiencies.

F_ollowmg acceptance of a laboratory's application to the program, a site inspection is performed
As part of the audit, historical test data, written laboratory procedures and reference toxicant
control charts are reviewed. Also, if performance evaluation results are available from a study
such as the EPA DMR/QA, they will also be revrewed for the deterrmnatron of competence to
conduct aquatlc toxrcrty tests. - :

A report evaluating ' any deficiencies found during the entire audit will be sent to the participating . -
laboratory. Following resolution of all srgmﬁcant deﬁclencxes ‘a laboratory will be regxstered by }
ELAP for aquatlc toxrcxty testing..

Laboratones are revxewed blenmally to maintain reglstratlon by ELAP Interested parties should
conduct ELAP at (510) 540-2800. or (916) 323-4769 for addmonal mformatlon or to. obtam an
applrcatxon

.Washmgton Program

The Washmgton State Department of Ecology Environmental Laboratory Accrednatron Program-

was authorized by the Revised Code of Washington (RCW) 4321A.230 in-1987. Subsequently,
Washington Administrative Code (WAC)'173-50 established the accreditation program primarily

for environmental laboratories that submit data to the Department of Ecology The program is o
administered by the QA Section.

The requxrements for use of accredrted laboratones for. reportmg drscharge momtonng data arein
other WACs that regulate the state and NPDES permit programs. ‘The Department of Ecology
also has a policy of requiring managers responsible for ordenng laboratory services to use
accredrted laboratones whenever possrble

The program currently covers' waters and water-related (eg, sludge and sedlments) tests.
Accredntatxon is by specrﬁc method in the categories of general chemlstry, trace metals, orgamcs

v
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radrochemlstry, mtcrobrology and bioassay. Fees are charged by method and parameter w1th a
maximum fee for each category. In some cases, other avenues of accreditation 1 may be avarlable
at reduced fees. Third- -party accreditation can be recognized, such as by the American
Association for Laboratory Accreditation and the Army Corps of Engineers: In addition,
certification by the Washington Department of Health can be recognized for specific methods, and
reciprocity agreements have been established with three other states. No laboratories have yet
been accredlted for toxrclty tests by third- party agreement or recrproc1ty

!
/

The QA section assists all laboratones partrcxpatmg in the accredltatton program to the extent
resources allow. The process begins with submission of an application and payment of fees. Out-
of-state laboratories will also be required to pay actual travel costs. The application describes
personnel, equipment, facilities, and other aspects of laboratory capabilities. An acceptable
quality assurance document should also be submitted at this time, and laboratories must have
acceptable performance evaluation sample results if such samples are available. The final step is
the on-site audit of the laboratory. Emphasis in the audit is on documentation. In particular
auditors examine documentation in the laboratory to verify procedures specified in the quality
assurance manual for sample handling, analysis, and data handhng are being carried out. The
accuracy of information provided in the apphcanon is also verified. Generally, on-site audits
address: personnel, facility and equipment, sample management, data management quality = -
assurance and qualtty control and methods bemg used. -

E

A narrative audlt is subsequently sent to the laboratory Problems are identified and specific
recommendations for resolution made. The narrative audit identifies actions which must be
completed before accreditation can be granted. If accreditation is warranted, the laboratory is
issued a certificate and scope of accreditation listing the methods for which it is certified.
Accreditation is by parameter and method so a laboratory may be accredited for some. requested
methods, but not.for others.

Accredltanon is normally for a period of one year. To maintain its accreditation, a laboratory
must: continue to successﬁ.tlly analyze performance evaluation’ samples twice yearly; report
sxgmﬁcant changes in personnel status; submit any updates of the QA document; and submit a
new application and renewal fees yearly. Laboratory re-audits are conducted ata normal
frequency of once every three years.
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GENERIC TOXICITY REDUCTION EVALUATION WORKPLAN (TRE)

INDUSTRIAL
lnformatron and Data Acqulsmon ‘
‘a. Regulatory information. . .=

i NPDES permit limits
.. Trigger _ .
b. Facility monitoring data - -

i. = NPDES monitoring data L .
i In-house monitoring data ‘ '
iii; - State agency monitoring data

v cv.' : Plant and Process Description

i. Process and treatment plant descrlptlon
R )] numbers and types of streams :
(2) . their size ’
(3) scheduled changes or evénts in process stream operatlon
(4) - - types and configurations of equrpment
(8) - flow equalization facilities o
- (8) ' -records of treatment plant upsets -
i Physical/chemical monitoring data '
(1) - chemical analyses of process streams '
(2) L phy'sical/chemical'analyses of treatment streams.

Housekeeplng

. a Initiation ‘of housekeepmg study

I Identify areas which may contrlbute to toxtcrty
ii. - Reduce these contributions through best management practices (BMPs)
o administrative, and procedural controls -
b.  Evaluation of housekeeping practices - _
: i. .  Review of plant policies 7
ii. “Walk-through” inspection .

c. Identnt’ cation of potential problem areas

L I - Probability of release ‘of toxic material - - v o : o
: ii. .. Type and frequency of release which may occur
iii.  Quantity of toxic substances involved :

. iv.  Toxicity of substances released . - ' ’
- V. . Potential downstream impact of the substances released
Vi Effect of release on final effluent ,
d.- .‘ldentn" cation of corrective measures '

i Area cleanup
~ii. =~ Process or operational changes
~iii. .. Material loss collection and recovery ‘
Jv. Chemical and biological testing of contamed waters pnor to release from

-diked storage areas
v.  Increased storage capacity for contained waters
o . vi.  Equipment modifications or changes
- e..  Selection of corrective measures L
f v ‘Implementatlon of corrective measures -

: Treatment Plant Optimization I o - ,
- a Evaluatron of influent wastestreams o v o

i Raw chemicals or materials used in the process. :
+ii. - - Byproducts or reaction products produced during the process

iii. - Reaction vessels, valves; piping systems, overflow pomts ‘and other
3 . mechanical aspects of the system . " .

iv.- Wastestreams produced volumes, and routing paths
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V. Non -point sources ‘
b.. - Descnptlon and evaluation of the treatment system : N _
i Design basis for each constltuent rncludrng vanablhty in. ﬂow conditions
D and concentrations :
i Treatment sequence
ii. .- Performance projections by constituents

.. Operational flexibility of each process ' ’

_ SV -Treatment objectives and projected effluent standards ‘
c. - Analysns of treatment system- operatron e v .
I B Flow loading S

i. . Mass loading

iii. ~ Frequency-and |mpact of shock loadings
(1) - normai-<cleaning and- mamtenance
2) - sptlls and upsets

v, /' \Changes m operating procedures ’ \
4. - Chemical optimization o .
‘ ‘a. ‘Information gathering

L Examination. of wastestreams produced by specrf‘ c productlon processes
il Chemicals and raw materials and thenr contammants and by-products
_ © used in the process .
ii. .. Chemicals used in treatment

iv. = -Chemicals and material use rates <2
V. Percentage of chemical in final product
Vi - Chemical reuse and waste recyclrng actrvmes
b. Process chemical review

—i. - List all chemicals used -
i List all quantities
il Determine pounds per product
) . iv. " Determine pounds per gallon of wastewater drscharged
c. MSDS information review _
i. -~ Obtain MSDS for all process chemlcals dlscharged
ii. . Highlight MSDS sections on aquatic toxicity
ii. - Examine Hazardous Ingredient section and note “hazardous substances
- - listed
e VL Categorize all chemlcals by hazard and lrntatron potential and use -

' ' standard references to obtain aquatic toxicity information, if possible
Chemical composition screen of’ incoming raw materials .
Outcome of chemical-optimization phase

O ~ List of all chemicals used in processing and manufactunng the product
ii. . MSDS and literature reviews will be on file when needed
iii.  List of all chemicals and raw material purchased on a monthly basis and a
record of productron volumes during the same trme penod

°a
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GENERIC TOXICITY REDUCTION EVALUATION (TRE) WORKPLAN
. POTW -~

1. lnformatlon and Data ACQUISlthH
ca Operatlons and performance review
- . i "~ NPDES permit requirements
o (1) Effluent limitations
- (2) Special Conditions -
. (3) Monitoring data and comphance hnstory
i, POTW design criteria o ;
'~ (1) Hydraulic'loading capacmes
(2) - Pollutant ioading capacities :
o - (3) . _ Biodegradation kinetics calculatlonslassumptlons :
il Influent and effluent conventional pollutant data
o (1) Biochemical oxygen demand (BODs)
(2)  Chemical oxygen demand (COD) .

(2
(3) ~ Suspended sohds (SS) ‘ : ;
(4) Ammonia | I - IR
(5) Resrdual‘chlorme o ' ‘

o .eH

iv. Process control data : .

: (1) Primary. sedrmentatlon hydraulnc Ioadmg capacrty and BOD —_" L

. -ans SS removal ,
(2) Activated sludge-Food -to-mlcroorganlsm (F/M) ratto mean
cell residence time (MCRT), mixed liquor suspended solids
: (MLSS), sludge yield, and BOD and COD removal -
(3) Secondary clarification-hydraulic and solids loading
, ' ‘capacity, sludge volume mdex and sludge blanket depth
v. . Operations information ,
. (1) Operating logs
~(2) Standard operatmg procedures
- (3) Operatlons and maintenance practices
vi.  Process sidestream characterization data
1) Sludge processing sidestreams
(2) . Tertiary filter backwash
(38) Cooling water - '

vii. ~ Combined sewer overflow (CSO) bypass data
B (1) - Frequency. o
. (2) Volume " ‘ |
viii.  Chemical coagulant usage for wastewater treatment and sludge o
~ processing \
(1) Polymer
"~ (2)  Ferric chloride

(3)  Alum
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b: POTW influent and effluent characternzatron data
... - Toxicity
il. Priority pollutants
iii. - ‘Hazardous pollutants
iv. . SARA 313 pollutants
V. ‘Other chemical- -specific monitoring results
c. Sewage residuals (raw, digested, thickened-and dewatered sludge and
incinerator.ash) charactenzatlon data
i EP toxicity
ii. -+ Toxicity Characterrstnc Leachmg Procedure (TCLP)
iii. ~ “Chemical analysis -
d. Industrlal waste survey (IWS)
i. Information on 1Us with categorncal standards or Iocal llmlts and
other significant non-categoncal IUs
i Number of {Us
ii. Discharge flow
Iv. Standard industrial Classmcatlon (SIC) code
v Wastewater flow SR
(1)  Types and. concentratlons of pollutants in the dlscharge
(2) - -Products manufactured .
Vi. Description of pretreatment fac:lmes and operatlng practices
vii. - Annual pretreatment report
viii.  Schematic of sewer collection system
ix.  POTW monitoring data
(M Discharge characterization data
(2) - Spill prevention and control procedures
(3) . Hazardous waste generatlon
X . AU self—momtorlng data
(1) Description of operatlons
“ (2) Flow measurements
(3)  Discharge characterization data
(4) . Notice of slug loading
(5) Compllance schedule (if out of compllance)
Xi Technically based local limits compliance reports
Xil. Waste hauler monitoring data and manifests
Xiii Evidence of POTW treatment mterferences (i.e., blologlcal process
unhnbltlon)
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SAMPLE FACT SHEET LANGUAGE

OPTION 1

Under 40 CFR 122. 44(d) permrts must contain l|mlts on whole efﬂuent toxicity when a dlscharge
has’ reasonable potentlal to cause or contribute to an exceedance of the water quallty standard
(“reasonable potential”’). Toxicity testing requirements and limits as contained in Item - on. Page

and in Part __ have been included to ensure that the effluent from Qutfall(s) . conform(s)
with apprdﬁnate State water quality standards and/or regulations, and/or Regional | guidance as’
contained in the document, "Regions 9 and 10 Guidance for Implementing Whole Effluent Toxrcrty
Testing Programs dated May 31,1996, as appropriate. Due to the intermittent nature of the
discharges from this facrltty, acute whole efﬂuent toxrclty (WET) conditions have been included.
Because acute_WET limits were in the previous NPDES permit, §402(o)( 1) of the CWA is appllcable

for Qutfall 00t. Because no acute WET data are available for Outfall 003, monitoring only will be
requlred Since it is possible that a discharge may last more than 4 days chronic WET monitoring - -

prov1510ns have also been included for both outfalls. For Outfall:001, if reasonable potential to |,

ality standards and/or regulations is found to exist, the permit may .
ronic WET llmlt For Outfall 002 lf reasonable potentlal to exceed

not granted a mixing zone for chronic WET to thls facrllty Untll such time as a rmxmg zone is
granted for this parameter, EPA "will evaluate the chromc WET morutormg results and base

‘growth test and’ Cenodzphma dub:a- 7-day
tic renewal or flow-through testing may be used For acute
so-test usmg Onchorync}ms Icz.sutch (coho se[mon)

testing, the permit requires a

The permit allows for a re
test result is greater than

allowed (in this case, the target equals. 1.0 TUc times 100, or 100 TUc) Smce quarterly monitoring
. required for the first year, the reasonable potential factor from Table 3-1 in the TSD is 4.7 (ata CV
0.6 and 4. samples). If no test results are greater than the value specnﬁed above (21:3.TUg), it

d be reasonable to assume that the discharge has low probability of causmg an impact to

ng waters.. If there are no significant changes to the facility, a reduced frequency would be

e, The TSD recommends that if no reasonable otentral exists, that momtormg be

rmit rerssuance If there is a lumt or mmum memtonng
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