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Definitions

plied in a water quality standards framework is necessary. This requires, in part, that users of biotogical

To effectively use biological criteria, a clear understanding of how these criteria are developed and ap-

criteria start from the same frame of refarence. To help form this frame of reference, the following defini-
tions are provided. Please consider them carefully to ensure a consistent interpretation of this document.

Definitions

2 An AQUATIC COMMUNITY is an association of in-
taracting populations of aquatic organisms in a given
watarbody or habiat

3 A BIOLOGICAL ASSESSMENT is an evaluation of
the biological condition of a waterbody using biclogi-
cal survays and othar diract measurements of resi-
dent biota in surface waters.

2 BIOLOGICAL CRITERLA, or biocriteria, are numen-
caf values or narrative expressions thai describe the
reference biological integnty of aquatic commuruties
‘nhabting waters of a given designated aquatic life
J58.

J BIOLOGICAL INTEGRITY is functionally defined as
the condition of the aquatic community inhabiting
unimpaired waterbodies of a spacified habitat as
measurad by community sthucture and functlon,

3 BIOLOGICAL MONITORING is the usa of a blologl-
cal enlity as a detector and its response as a
measure (0 delermine anvironmental conditions.
Toxicity tests and bioclogical surveys are common
biomonitaring methods,

2 A BIOLOGICAL SURVEY, or bigsurvey, consists of
collecting, processing and analyzing representative
partions of a resident aquatic community to deter-
mine tha community structure and function,

2 A COMMUNITY COMPONENT is any pontion of a
biclogical community. The community component
may periain to the taxomoanic group (fish, invar-
tebrates, algae), the taxcnomi¢ category (phylum,
arder, family, genus, species), the feeding strategy

(herbivore, omnivors. carnivote) or arganizational
leve! (individual, population, community associalon)
of a biological entity within tha aquatic community.

2 REGIONS OF ECOLOGICAL SIMILARITY describe
a reiatively homogeneous area defined by similarity
of climate, landform, sail, potential natural vegeta-
tion, hydrology, or other scologically relevant van-
able. Regions of ecological simiarity heip define the
potentiat {or designated use classifications of
specific waterbodies.

1 DESIGNATED USES are those uses specfied n
water quality standards for each waterbody or seQ-
ment whether or not they are baing attained.

Q An IMPACT is a change in the chemical, physical or
biologicatl quality or condition 0! & waterbody caused
by extamal sources.

2 An IMPAIRMENT i3 s detrimental affect on the
biological Integrity of & waterbody causad by an im.
pact that prevents attainmaent of the designated use.

3 APQPULATION is an aggregate of interbreeding in-
dividusls of 8 biclogical species wittun a specified
lccaton,

3 AWATER QUALITY ASSESSMENT is an svaluation
of the condition ol a waterbody using biological sur-
vays, chemical-specific analyses of pollutants in
watarbodies, and toxicity tests.

3 An ECOLOGICAL ASSESSMENT is an avaluation

of the condition of a waterbody using water quauty
and physical habitat assessmant methods.

18586



Executive Summary

he Clean Water Act (Act) directs the U.S. Environmental Protection Agency (EPA) to develop
I programs that will evaluate, restore and maintain the chemical, physical, and biclogical in-
tegrity of the Nation's waters. In response to this directive, States and EPA implemented
chemically based water quality programs that successfully addressed significant water pollution
problems, However, these programs alone cannot identify or address all surface water pollution
problems. To create a more comprehensive program, EPA is setting a new priority for the develop-
ment of biological water quality criteria. The initial phase of this program directs State adoption of
narrative biological criteria as part of State water quality standards. This effort will help States and
EPA achieve the objectives of the Clean Water Act set forth in Section 101 and comply with statutory
requirements under Sections 303 and 304. The Water Quality Standards Regulation provides additional
authority for biclogical criteria development.

In accordance with priorities established in the FY 1991 Agency Operating Gudance, States are to
adopt narrative biological criteria into State water quality standards during the FY 1991-1993 trien-
nium. To support this priority, EPA is developing a Policy on the Use of Biological Assessments and
Criteria in the Water Quality Program and is providing this program guidance document on biological
criteria.

This document provides guidance for development and implementation of narrative biological
criteria. Future guidance documents will provide additional technical information to facilitate
development and implementation of narrative and numeric criteria for each of the surface water
types.

When implemented, biological criteria will expand and improve water quality standards
programs, help identify impairment of beneficial uses, and help set program priorities. Biological
criteria are valuable because they directly measure the condition of the resource at risk, detect
problems that other methods may miss or underestimate, and provide a systematic process for
measuring progress resulting from the implementation of water quality programs.

vil
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Biolopicel Critens: Netional Program Guidance

PBlological criteria require direct measurements of the structure and function of resident aquatic
communities to determine biological integrity and ecological function. They supplement, rather than
replace chemical and toxicological methods. it is EPA's policy that biclogical survey methods be fully
integrated with toxicity and chemical-specific assessment methods and that chemical-specific criteria,
whole-effluent toxicity evaluations and biological criteria be used as independent evaluations of non-
attainment of designated uses.

Biological criteria are narrative expressions or numerical values that describe the biological in-
tegrity of aquatic communities inhabiting waters of a given aquatic life use. They are developed
under the assumptions that surface waters impacted by antnropogenic activities may contain im-
paired aquatic communities (the greater the impact the greater the expected impairment) and that
surface waters not impacted by anthropogenic activities are generally not impaired. Measures of
aquatic community structure and function in unimpaired surface waters functionally define biologi-
cal integrity and form the basis for establishing the biological criteria.

Narrative biological criteria are definable statements of condition or attainable goals for a given
use designation. They establish a positive statement about aquatic community characteristics ex-
pected to occur within a waterbody (e.g., "Aquatic life shall be as it naturally occurs® or "A natural
variety of aquatic life shall be present and all functional groups well represented”). These criteria can
be developed using existing information. Numeric criteria describe the expected attainable com-
munity attributes and establish values based on measures such as r;pecies richness, presence or ab-
sence of indicator taxa, and distribution of classes of organisms. To implement narrative criteria and
develop numeric criteria, biota in reference waters must be carefully assessed. These are used as the
reference values to determine if, and to what extent, an impacted surface waterbody is impaired.

Biological criteria support designated aquatic life use classifications for application in standards.
The designated use determines the benefit or purpose to be derived from the waterbody; the criteria
provide a measure to determine if the use is impaired. Refinement of State water quality standards to
include more detailed language about aquatic life is essential to fully implement a biological criteria
program. Data collected from biosurveys can identify consistently distinct characteristics among
aquatic communities inhabiting different waters with the same designated use. These biological and
ecological characteristics may be used to define separate categories within a designated use, or
separate one designated use into two or more use classifications.

To develop values for biological criteria, States should (1) identify unimpaired reference water- .
bodies to establish the reference condition and (2) characterize the aquatic communities inhabiting
reference surface waters. Currently, two principal approaches are used to establish reference sites: (1)
the site-specific approach, which may require upstream-downstream or near field-far field evalua-
tions, and (2) the regional approach, which identifies similarities in the physico-chemicai charac-
teristics of watersheds that influence aquatic ecology. The basis for choosing reference sites depends
on classifying the habitat type and locating unimpaired (minimally impacted) waters.

vitl
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Exmcutive Summary

Once reference sites are selected, their biotogical integrity must be evaluated using quantifiable
biological surveys. The success of the survey will depend in part on the careful selection of aquatic
community components {e.g., fish, macroinvertebrates, algae). These components should serve as ef-
fective indicators of high biological integrity, represent a range of pollution tolerances, provide pre-
dictable, repeatable results, and be readily identified by trained State personnel. Well-planned quality
assurance protocols are required to reduce variability in data collection and to assess the natural
variability inherent in aquatic communities. A quality survey will include muitiple community com-
ponents and may be measured using a variety of metrics. Since multiple approaches are available,
factors to consider when choosing possible approaches for assessing biological integrity are
presented in this document and will be further developed in future technicai guidance documents,

To apply biological criteria in a water quality standards program, standardized sampling
methods and statistical protocols must be used. These procedures must be sensitive enough to iden-
tify significant differences between established criteria and tested communities. There are three pos-
sible outcomes from hypothesis testing using these analyses: (1) the use is impaired, (2) the biological
criteria are met, or (3) the outcome is indeterminate. If the use is impaired, efforts to diagnose the
cause(s) will help determine appropriate action. If the use is not impaired, no action is required based
on these analyses. The outcome will be indeterminate if the study design or evaluation was incom-
plete. In this case, States would need to re-evaluate their protocols.

If the designated use is impaired, diagnosis is the next step. During diagnostic evaluations three
main impact categories must be considered: chemical, physical, and biological stress. Two questions
are posed during initial diagnosis: (1) what are obvious potential causes of impairment, and (2) what
possible causes do the biclogical data suggest? Obvious potential causes of impairment are often
identified during normal field biological assessments. When an impaired use cannot be easily related
to an obvious cause, the diagnostic process becomes investigative and iterative. Normally the diag-
noses of biological impairments are relatively straightforward; States can use biological criteria to
confirm impairment from a known source of impact.

There is considerable State interest in integrating biological assessments and criteria in water
quality management programs. A minimum of 20 States now use some form of standardized biologi-
cal assessments to determine the status of biota in State waters. Of these, 15 States are developing
biological assessments for future criteria development. Five States use biclogical criteria to define
aquatic life use classifications and to enforce water quality standards. Several States have established
narrative bioclogical criteria in their standards. One State has instituted numeric biological criteria.

Whether a State is just beginning to establish narrative biological criteria or is developing a fully
integrated biological approach, the programmatic expansion from source control to resource
management represents a natural progression in water quality programs. Implementation of biologi-

cal criteria will provide new options for expanding the scope and application of ecological perspec-
tives,

x
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Introduction

he principal objectives of the Clean Watar
Act are *l0 restore and maintan the chemi-
cal, physical and biological integrity of the
Nation's waters”® (Section 101). To achieve thess ob-
jactives, EPA, States, the regulated community, and

the public need comprehensive information about

the ecological integrity of aquatic environments.
Such information will help us identify waters requir-
ing special protection and those that will benefit most
from reguiatory efforts.

To meet the objectives of the Act and 10 comply
with statutory requirements under Sactions 303 and
304, States are 1o adopt biological criteria in Stats
standards. The Water Quality Standards Reguiation
provides additional authority for this effort, in ac.
cordance with the FY 1991 Agency Operating
Guidance, States and qualified inclan tribes ase to
adopt narrative biological critetia into Stxte water
quality standards during the FY 1991-1993 trien.
nium. To support this sffort, EPA is developing a
Policy on the Use of Blological Assessments and
Criteria in the Water Quality Program and providing
this program guidance documem on biological
criteria.

Like othar water quality criteria, blological cri-
teria identify water quality impairments, suppont
requiatory controis that address water quality
problems, and assess improvements in water
quality from reguiatory efforts. Biological criteria are

numerical values or narrative expressions that

describe the reference biological integrity of aquatic
communities inhabiting waters of a given desig-
nated aqguatic lite use. They are developed Lhrough

» ¥
h.-_
s

Amhropogenic impacts, including point source
discharges, nonpoint runoff, and habitat degradation
continue fo impalr the nation’s surface waters,

the diract measuremaent of aquatic community com.
ponents inhabiting unimpaired surface waters.

Biclogical criteria complement current pro-
grama, Of the three objectivas identified in the Act
{chamical, physical, and biclogical integrity), current
water quality programs focus on direct measures of
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Sologionl Criteris:  Natiorel Frogram Guidence

chemical Integrity (chemical-specific and whole-ef-
fluent toxicity) and, to some degree, physical in-
tegrity through several conventional criteria {e.g.,
pH, turbidhy, dissolved oxygen). Implementation of
these programs has significantly improved water
quality. However, as we leam more about aquatic
scosystems it is apparent that other sources of
waterbody impairment exist. Biological impairments
from diffuse sources and habitat degradation can be
greater than those caused by point source dischar-
ges (Judy et al. 1987; Miller et al, 1989). in Ohio,
svaluation of instream biota indicated that 38 per-
cent of impaired stream segments could not be
detectad using chemical criteria aione {see Fig. 1).
Although effective for their purpase, chemical-
specific criteria and whole-effiuent toxicity provide
only indirect svaluations and protection of biclogical
inegrity (see Table 1),

To effactively address our remaining water
quality problems we need to develop mote in-
tegrated and comprehensive evaluations. Chemical
and physical integrity are necessary, but not suffi-
clent conditions to attain biological integrity, and
only when chemical, physical, and biological in-
tegrity are achieved, is ecological integrity possible
(soe Fig. 2). Biological criteria provide an essential
third slement for water quality management and
serve 88 a natural progression in regulatory
programs. incorporating biological criterla into a
fully integrated program directly protects the biologi-
cal integrity of surface waters and provides indirect
protection for chemical and physical integrity (See
Table 23, Chemical-specific critena, whole-sfuent
toxicity evaiustions, and biological criterls, when
used together, complemnent the relative strengths
and weaknesses of each approach,

Figure 1.—Ohlo Blosurvey Resulls Agree with
(natream Chemistry or Revasl Unknown Problems

tmpairment identification

Chemical Evalvation Indicate
No tmpawment: Biosurvey
Show Impairmant

Biosurvey Show No
Impairmant; Chemicai
Evaluation indicates
Impairment

Chemical Pradiction
& Biosurvey Agree

Fig. 1.1n anintensive survey, 411 sites in Ohio were assassed
uSINgG INSUIeaM CHhemMmairy and DrologICal Surveys, tn J6% of
the casas, chemical evaivations imphed no impairment but
biological survey evaluations showed impairment. |n 8%, ol
tha cases tha chemical and biological assessmants agreed.
Of thess, 1T% identitied waters with no impairment, 41%
dentilied walers which wers considered imparred. {(Modi hied
from Ohio EPA Water Quality Inveniory, 1984.)

Biological assessments have been used in
biomonitoring programs by States for many years.
In this raspect. biclogical criteria suppert aarter
work. However, implementing biotogical criteria 1n
water quality standards provides & systematic,
structured, and objective process for making
decisions about compliance with water quality
standards. This distinguishes biological criteria from
sarler use of biological information and increases
the value of biological cata in regulstory programs,

Table 1.—Current Water Quality Program Protection of the Three Elements of Ecologicsl Integrity.

ELEMENTS OF ECOLOGICAL | PROGRAM THAT DIRECTLY

' PROGRAM THAT INDIRECTLY

 INTEGRITY | PROTECTS : PROTECTS
" Chemical Integnty : | Chemical Speciic Cntena toxics)
, l Whole Etfluent Toxicity (toxics)
! Physical integnity Critenia tor Conventionals '
- ipH. 00, turbrdity) .
Biciogical Integrity ' " Chemical. Whole Etftuent Toxicily

© {eohc response in lab}

Tabie 1. Current programa focus on chemical specific and whols-effivent toxicity evaluanions. Both are valuable approaches

tor the direct evaluaton and protection of chemical integnty Physical integrity 18 2180 directly protected 10 a mited deg’ee

through critena lor conventional pollutants Biclogical integnty 15 only indirectly protected under the assumphion hat Ty

:vml{l:lunq loxicity (0 arganisms in laboralory studies estimales can be made about the foxicity 10 Other organisms mhadi' ~3
ant walsrs
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Chapter 1; niroduction

Table 2.—Water Quality Programs that incorporate Biological Criteria to Protect Elements of Ecolagical integrity.

i ELEMENTS OF
*  ECOLOGICAL INTEGRITY .

DIRECTLY PROTECTS

" INDIRECTLY PROTECTS

Cherucal Integaty

Chamical Specific Cntena (1oxCs)
Whole Efflyent ToxiCity (tOxICS)

Biocniena {igenthcahon o
impairmant}

Physica! Integnty
. DO)

Cntena for convantionals [pH, temp ,

Biocntena (hatutat avalyahon)

Biological Integnity
. weater)

Biocntena (biotic response in surlace

Chemical Whole Effiuent Testing
1DHONE responas in 1ab)

Tabie 2 When biologicat chiena are mcorporated inlo water quality programs the bigiogical integnty of suriace waters may
be directly evalyated and protected. Biotogical crtena aiso provice additional benelits by requinng an evauzuon of physical
integnly ang prowiding @ monitonng tool 10 assess the effectivensas of current chemically based cntena.

Figure 2.—~The Eiements of Ecological integrity

Bhysncal Integnity

Ecological
integnity

Biological
integrity

Chemicai
integriy

Fig 2. Ecological Integnty 13 attinable when chemical,
physical, and biologicat integrity ogcur simuitaneously.

Value of Biological
Criteria

Bislogical criteria provide an effective tool tor
addrossing remaining water qualily problems by
diracting regulatory efforts toward assessing the
biclogical resources at risk from chemical, physical
or biological impacts. A primary strength of biologi-
cal criteria is the detection of watar quality problems
that other methods may miss or underestimate,
Biological criteria can be used to determine to what
extant current regulations are protecting the use,

Biological assessments provide integrated
evaluations of water quality. They can identify im- -
pairnents from cortamination of the water column
and sediments from unknawn or unregulated chami-
cals, non-chemical impacts, and alterad physical
habitat. Resident bicta function as continual
monitors of ervironmental quality, increasing the
liketihood of detecting the eitects of episadic avents
(0.9., spills, dumping, treatmaent plant maifunctions,
nutrient anrichment), toxic nonpoint source pollution
{e.g., agricultural pesticides), cumuiative pollution
(i.e., multiple impacts over ime or continuous low-
1gvel stross), or ather impacts that periodic chemical
sampling is unlikely to detect. Impacts on the physi-
cal habital such as sedimentation from stormwater
runoff and tha effects of physical ar structural
habitat alterations (e.g., dredging, filling, chan.
nelization) can also be detected.

Biologicai criteria require the direct measure of
resident aquatic community structure and function
10 determine biolagical integrity and ecologicsl func-
tion. Using thess messurss, impairment can be
detected and evaluated without knowing the im-
pact{s) that may cause the impairmaent.

Biojogical criteria provide & reguiatory frama.
work for addressing water quality problems and
offer additional benefits, including providing:

* the basis for charactatizing high quality
waters and identifying habitats and
community componants requiring special
protection under State anti-degradation
policies;

* g framewark for deciding 319 actions for best
control of nonpeint source pollution;

* an evaluation of surface water impairnants
predicted by chemical analyses, toxicity
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"testing, and tste and transport modeling (e.g.,
wasteload allocation);

* improvemants in water quality standards
{including refinemant of use classifications);

* a process for demonstrating improvements in
walef quality after implementation of potiution
controis;

* additional diagnostic toots.

The role of biological criteria as a regulatory tool
is being realized in 3ome Siates (e.gQ.. Arkansas,
Maine, Chic, North Caroling, Vermont). Blological
assessments and criteria have been usefui for
regulatory, resource protection, and moniloting and
reporting programs. By incorporating bioiogical
criteria in programs, States can improve standards
setting and enforcement, measure impairments
from permit violations, and refine wasteioad alloca-
non models. In addition, the location, extent, and
type of biolegical impairments measured in a watet-
body provide valuable information needed for iden-
tifying the cause of impairment and determining
actions required to improve watar quality. Biological
assessment and criteria programs provide a cost-
effective method for evaluating water quality when &
standardized. systematic approach to study design,
field mathods, and data analysis is established
{Ohig EPA 1988a).

Process for
Implementation

The impiemeniation of biological critena will fol-
low the same praceas used for current chemical-

Table 3.—Process for implementation of Water Quasity Standards.

specific and whole-effiuent toxicity applications: na.
tional guidance produced by U.S. EPA will support
States working o esiabiish State standards for the
implementation of regulatory programs (see Table
3). Biological criteria differ, however, in the degree
of State involvement .required. Becauss surface
waters vary significantly from region to region, EPA
will provide guidance on acceptable approaches for

_biotogical criteria development rather than specific

criteria with numerical limitations. States are to es-
tablish assessment procedures, conduct field
evaluations, and determine criteria values to imple-
ment biological criteria in State standards and apply
them in ragulatory programs,

The degree of State involvement required in-
fluences how biological criteria will be implemented.
It is expected that States wii implement these
criteria in phases.

® Phass | includes the daveiopment and adog-
tion of narrative biological criteria into State
standards for all surface waters ([Sireams,
rivars, 1akes, wetlands, estuaries). Definitions
of terms and expressions in the narratives
must be included in these standards (see the
Narrative Criteria Section, Chapter 3). Adop-
tion of narrative bioclogical criteria in State
standards provides the legal and program.
matic basis for using ambient biological sur-
veys and assessments in regulatory acltions

u Phase Il includes the development of an im-
plementation plan. The plan should include
program objectives, study design, research
protocols. criteria for selecting referance con-.
ditons and community components, quality
assurance and quality control procedures.

CRITERIA EPA GUIDANCE STATE iMPLEMENTATION: - - STATE APPLICATION
Chemical Specrhe Poliutant specific sumenc cntena State Standards Parmut s MONdomg
' USe desgrahon Besi Management Practices
© Mamene criens Wasisiosd allocation
' anbdegracabon
Narrauve Free Fommg Whoile sffiuent tocity Quedance Water Qualty Narrative Perrmet imwts Morvionng
N o MMounts transiaror Wasteiodd alidcahon
Best Management Practices
Buiogical Brosurvey mimmum requirement State Standands Permit condiuons Monionng
fudance * refined use Best Management Practices
' NAratverRuMenc cnena Wasteload allocanon
' ANDSQradaton

Table 3 Similar 1o charmical specific cntera and whoie effiuent toxicity evaluanians, EPA 15 providing guidance lo States fo-
the adoption of bioiogical cntena into State standards 1o reguiate sources of water quaity impawment

6
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and training for State personnel. In Phase |,
States are 1o develop plans necessary o im.
plement blological criteria for each surface
wiler type.

u Phase Il requires tull impiementation and in-
tegration of blological criteria in water quality
standards. This requires using biological sur-
veys to derive biological criteria for classes of
surface waters and designated uses. These
criteria are then used to identify nonattain-
maent of designated uses and make regulatory
decisions.

Narrative biological criteria cant be developad
for ail five surface water classifications with little or
no data collection. Application of narrative criteria in
seriously degraded waters is possible in the short
term. However, because of the diversity of surface
waters and the biota that inhabit these waters, sig-
nificant planning, data collection, and evaluation will
be needed to fully implement the progtam. Criteria
for each type of surface water are likely 1o be
developed at different rates. The order and rate of
development wili depend, in part, on the davelop-
ment of EPA guidance for specific types of surface
water. Biological criteria technical guidance for
streams will be produced during FY 1831, The ten.
‘tative order for future technical guidance documents
includes guidance for rivers (FY 1992}, lakes (FY

1993), watiands (FY 1994) and estuarias (FY 1995},
This order and limeline for guidance does not reflect -

the relative impontance of these surface waters, but

rather indicates the relative avallability of research

and the anticlpated difficulty of developing
guidance,

Independent Application
of Biological Criteria

Biological criteria supplement. bt do not -

replace, chemical and toxicologicat methods. Water
chemistry methods are necessary to predict risks
{particularly to human heaith and wildlife), and to
diagnose, model, and reguiate imporiant water
quality problems. Becauss biclogical criteria are
able to detect different types of water quality impair-
ments and, in particular, have ditferent levels of sen-
sitivity for detecting certain types of impairment

Chapter 1: introduction

compared to toxicoiogical methods, they are not
used in lieu of, or in conflict with, current regulatory
offorts.

As with all criteria, certain limitations to biologi-
cal ¢riteria make independent application essential.
Study design and use influences how senssdive
biclogical criteria are for detecting community im-
pairment. Several factors nfluence sensiivity: (1)
State decisions about what 18 significantly different
between referance and test communities, (2) study
design, which may include community components
that are not sensitive to the impact causing impair-
ment, (3) high natural variabtility that makes o dif-
ficult to detect real differences, and (4) types of
impacts that may be detectable soonesr by other
methods (e.g., chemical criteria may provide earlier
indications of impairment from a bioaccumulative
chemical because aquatic communities require ex-
posure over time 10 incur the fult effact).

Since each type of critena (biological ¢ntera.
chemical-specific cntaria, or whole-effuant 1oxiICIty
evaluations) has different sensitivities and pur-
poses, a criterion may fail to detect real impairments
when used alone. As a result, these methods should
be used together in an integrated water quality as-
sessment, sach providing an independent evaiua-
tion of nonattainment of a designated use. If any
one type of criteria indicates impairmant of the sur-
face water, ragulatory action can be taken to im-
prove watar quality, Howaver, no one type of ¢ntena
can be used 1o confirm attainment of a use f
another form_of criteria - indicates nonattainment
{see Hypothesis Testing: Biological Criteria and the
Scientfic Method, Chapter 7). Whaen these thrae
methods are used together, they provide a powertul,
integrated, and effective foundation for waterbody
mane jement and regulations.

How to Use this
Document

The purpose of this document is to provide EPA
Regions, States and others with the conceptual
framework and assistance necessary 1o develop
and implement narrative and numeric biological
criteria and to promate natienal consistengy « ap-
plication. There are two main parts of the document.
Part One (Chapters 1, 2, 3, and 4) includes the es-
sential concepts about what biological criteria are
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and how thay are used in regulatory programs. Pan
Two (Chapters 5, 8, and 7} provides an overview of
the process that is essential for implementing a
State biciogical critenia program. Specific chapters
include the following:

Part1: PROGRAM ELEMENTS

Q Chapter 2, Legs! Authority, reviews the legal
basis for biclogical eriteda undec the Clean
Water Act and includes possible applications
under the Act and othet legisiation.

2 Chepter 3, Conceptual Framework,
discusses the sssential program slements for
biological ¢criteria, including what they are and
how they are developed and used within a
raqulatory program. The development of
narrative biological criteria is discussed in this
chapter.

2 Chapter 4, Intagration, discusses the use ot
biological critaria in regulatory programs.

Partll: THE IMPLEMENTATION PROCESS

2 Chapter 5, The Reference Conditlon,
provides a discussion on alternative forms of
relerence conditiong that may be developed by
a State based on circumstances and needs.

2 Chapter 8, The Blological Survey, provides
some detail on the alements of a quality
biclogical survey.

2 Chapter 7, Hypathesls Testing: Blologlcal
Criteria and the Sclentific Method, discusses
how biological surveys are used to make
reguiatory and diagnostic decisions.

2 Appendix A includes commonly asked
questions and their answers about biological
criteria. ' ‘

Two additional documents are plannad in the
nesr term to suppiement this program guidance
Jocument,

1. "Biclogical Criteria Technical Reference
Guide® will contain a cross reference of tech-
nical papers on available approaches and
methods for developing biological criteria
(see tentative table of contents in Appendix
8}

2. “Biological Criteria Davelopment by Slates"
will provide a summary of ditferent mecha-
niams several States have used to implement
and apply biological criterin in water quality
programs (see tentative outline in Appendix

- CL

Both documents are planned for FY 1991, As
praviously discussed, over the next triennium tech-
nica! guidance for spacific systems (e.g.. Streams,
wetlands} will be developed 16 provide guidance on
acceptable biological assessment procadures to fur-
ther support State implemantation of comprehen-
sive programs.

This biological criteria program guidance dogcu-
ment supporis developmaent and implementaticn of
biological criteria by providing guidance to States
working to comply with requirements under the
Clean Water Act and the Watar Quality Standards
Regulation. This guidance 1$ not regulatory.
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Legal Authority

Controt Act of 1972, Clean Watar Act of

1977, and the Watar Quality Act of 1887)
mandates State development of criteria based on
biglogical assessments of natural ecosystemns,

The gsneral authority for biotogical criteria
comes from Section 101(a) of the Act which estab-
lishas as the cbjective of the Act the rastoration and
maintenance of the chemical, physical, and biologi-
cal integrity of the Nation's waters. To meet this ob-
jective, water quality Criteria must includs criteria to
protect diological integrity. Section 104(a){2) in-
cludes the intarim water quality goal for the protec-
tion and propagation of fish, shellfish, and wildlife.
Propagation inciudes the full range of biological
conditions necessary 0 support reproducing
populations of all forms of aquatic life and other lite
that depend on aquatic systems. Sections 303 and
304 pravide spacific directives for thy devalopment
of biological criteria,

'] Yhe Clean Water Act (Federal Water Pollution

Section 303

Under Section 303(c) of the Act, States are re-
quired to adopt protective water quality standards
that consist of uses, criterla, and antidegradation.
States are 1o review these standards every thres
years and to revise them as needed.

Section 303(c)(2)(A) requires the adoption of
water quality standards that °. . . serve the purposes
of the Act' as given in Section 101. Section
303(c)(2)(B), enacted in 1987, requires States 1o

Baiancing the legal authority for iologicai critenia.

adopt nurneric criteria for toxic paliutants for which
EPA has published 304(a)(1) criteria. The section
further requires that, where numeric 304(a) criteria
are not available, States shouid adopt criteria based
on biclogical asseasment and monitoring methods,
consistent with information nublished by EPA under
304 (a)(8). :

These specific directives do not serve to restnct
the use of biclogical criteria in other settings whers
they may be helpful. Accordingly, this guidance
document provides assistance in implementing
various seclions of the Act, not just 303{c¢)(2)(B}.
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Section 304

Section 304(a) directs EPA 10 develcp and
publish water quality criteria and information on
maethods for measwing water quality and estab-
lishing water quality criteria for loxic poliutants on
basas other than poilutant-by-pollutant, inciuding
biciogical monitoring and asssssment methods
which assess:

+ the affacts of pollutants on aquatic community
componems {*. . . plankton, fish, sheiifish,
wildlife, plant life . . .*) and community
attributes (*. . . biological community diversity,
productivity, and stability . . .%); in any body of
water and;

* factors necessary . . . to restore and
maintain the chemical, physical, and
biological integrity of all naviqable waters . . .*
for ®, .. the protection of shallfish, fish, and
wildlife for classes and categones of recerving
waters . . .*

Potential Applications
Under the Act

Daevelocpment and use of biologicai criteria wiil
help States to meet other requirements of the Act,
including:

< setting planning and management priorities for
waterbodies most in need of controls
[Sec. 303(d));

J determining impacts from nonpoint sources
fi.e.. Section 304(f) *(1) guidelines for
identitying and evaluating the nature end
axtent of nonpoint sources of poliutants, and
(2) processas, procedures, and maethods to
controt pallutian . . ).

3 bisnnial reports on the extent to which waters
support balanced biological communities
{Sec. 305(b)];

< asseasment of lake trophic status and trends
[Sec. 314];

Q iists of waters that cannat attain designated
uses without nonpoint source controls
(Sec. 319);

2 development of management plans and
conducting monitoring in estuaries of nationat
significance [Sec. 320];

O issuing permits for ocean discharges and
monitoring ecoiogical elfects [Sec, 403(¢c) and
3019}

3 determination of acceptable sites for disposal
of dredge and fill material [Sec. 404];

Potential Applications
Under Other Legislation

Seovaral lggisiative acts require an assessment
of risk to the environmaent (including resident aquatic
communities) to determine the need for regulatory
action. Blological criteria can be used in this context
10 support EPA assessments under:

Q Toxic Substances Control Act (TSCA) of 1976

3 Resource Conservation and Racovery Act
{RCRA),

3 Comprahensive Environmental Response,
Compensation and Liability Act of 1980
{CERCLA),

Q Supertund Amencments and Reauthorization
Act of 19868 (SARA),

2 Federai Insecticide, Fungicide, and
Rodenlicide Act (FIFRA);

2 National Environmental Policy Act (NEPA);

3 Feceral Lands Policy and Management Act
(FLPMA).

Q The Fish and Wiidlife Conservation Act of 1980

3 Manine Frotection, Research, and Sanctuarias
Act

Q Coastal Zone Management Act

10
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2 Wiid and Scenic Rivers Act

2 Fish and Wiidlita Coordination Act, as
Amended in 1965

A summary of the applicability of these Acts for
asseasing ecological impairments may be found in
Risk Assessment Guidance for Superfund-Environ-
mental Evaluation Manual (Interim Final) 1989.

Other federal and State agencies can also
benefit from using biclogical criteria 1o svaluate the
biclogical integrity of surface waters within their
jurisdiction and to the effects of specific practices on
surface water quality. Agencies that could benefit in-
clude:

2 Department of the Interlor (U.S. Fish ang
Wildlife Service, U.S. Geclogical Survey,
Bureau of Mines, and Bureau of Reclamation,
Bureau of Indian Alairs, Bureau of Land
Managemen!, and National Park Service),

3 Department of Commerce {National Oceanic
and Atmospheric Administration, National
Marine Fishenes Service).

3 Departmaent of Transportation |Federal
Highway Admirustration)

2 Department of Agriculture (U/.S. Forest
Service, Soil Conservation Sarvice}

2 Department of Defense,
2 Department of Energy,
3 Army Corps ot Engineers,

3 Tennesses Valley Authority.

Chapiar 2. Lagsi Authority
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The Conceptual Framework

use impaimment through assessment of am-

bient biological communities form the foun-
dation for biological criteria development. The
effectiveness of a biological criteria program will
depend on the deveiopment of quality criteria, the
refinement of use classes to support narrative
criteria, and careful application of scisntific prin-
ciples.

B iological integrity and the determination of

Premise for Biological
Criteria

Biological criteria are based on the premise that
the structure and fungtion ¢f an aquatic bictogical
community within & specific habitat provide critical
information about the quality of surface waters. Ex-
isting aquatic communities in pristine snvironments
not subject to anthropogenic impact exemplify
biological integrity and serve as the best possible
goal for water quality. Although pristine environ-
ments are virtually non-existent {even remote
wators are impacted by &ir poliution), minimally im-
pacted waters exist, Measures of the $tructure and
tunction of aqualic communities inhabiting unim-
paired (minimaily impacted) waters provide the
DSBS 107 BSIATIATING & 1eiMTANcE COTKIRION INAL THEY
be compared to the condition of impacted surface
waters 10 determing impairment.

Based on this premise, biological criteria are
developed under the sssumptions that: (1) surface
waters subject to anthropogenic disturbance may
contain impaired populations or communities of
aquatic organisms—the greater tha anthropogenic

Aquatic communites assessed in unimpaired
waterbodies (top) provide a reference for sviusting
impairments in the same or similar waterbodies sutferng
from increasing anthropogenic impacts (bottom)

13

18600




Blokgical Criwrie: Netiona! Pregram Guidence

disturbance, the grsater the likelihood and mag-
nitude of impairmant; and (2} surface waters not
subject to anthropogenic disturbance generally con-
tain unimpaired (natural) populations and com-
munities of aquatic organisms exhibiling bictogical
integrity.

Biological Integrity

The expression “biologicatl integrity” is used in
the Clsan Water Act to define the Nation's objec-
tives for water quality. According to Webster's New
World Dictionary (1966), integrity is, "the quality or
stata of baing comptete; unimpaired.” Biological in-
tegnty has been defined as "the atnlity of an aquatic
ecosystem to support and maintain & balenced, in-
tegrated, adaptive community of organisms having
a species composition, diversity, and functional or-
ganization comparable (o that of the natural habitats
within & region® (Karr and Oudiey 1981). For the pur-
poses of biological critaria, these concepts are com-
bined to develop a functionsl definition for
svaluating Dbiological integrity in water quality
programs. Thus, biological integrity is functionally
defined as: :

the conaition of the aquatic community
inhabiting the unimpaired watarbodies
of a spacified habitat as measured by
community structure and function.

1t wilt ofter. e difficult 10 find unimpaired waters
to define biological integrity and establish the refer-
ence condition. However, the structure and function
of aquatic communities of high quality waters can be
approximated in seversl ways. One is 1o charac-
terize mquatic communities in the most protected
waters representative of the regions where such
siles axist. In wreas where few or no unimpaired
sites are available, characterization of least im-
paired systeins approximates unimpaired systems,
Concurrent snalysis of historical records should
supplement descriptions of the condition of least im-

paired systems. For some systems, such as lakes,

svaluating palececological informetion (the record
stored in sediment profiles) can provide & measure
of less disturbed conditions.

Surface waters, when inhabited by aquatic com-
munities, are exhibiting a degres ol biclogical in-
tegnty.- However, the best representation of
biclogical wtegrity for a surface water shouki form

the basis for establishing watsr quality goals for -
those waters. When tied to the development of -
biological criteria, the realities of limitations on
biological integrity can ba considered and incor-
porated into a progressive program to improve
walter quality.

Biological Criteﬂa

Biolegical criteria are narrative expressions or
numerical values that describe the biological n-
tegrity of aquatic communities inhabiting waters of a
given designated aquatic life use. While biologicai
integrity describes the ultimate goal for water
quality, biological criteria are based on aquatic com-
muriity structure and function for waters within a
variety of designated uses. Designated aquatic life
uses serve as general statements of attained or at-
tainable uses of State waters. Once established for
a designated use, bwlogical critena are quanufiable
values used to determine whether a use is impaired,
and it so, the level of impairment. This is done by
specifying what aquatic community structure and
function should exist in waters of a given designated
use, and then comparing this condition with the con-
diion of a site under evaluation. If the existing
aquatic community measures fail to meet the
criteria, the use is considered impaired.

Since brological surveys used for iologcal
¢ritena are capable of detectng water quanty
probiems - (use impairments) that may not be
detected by chemical or toxicity testing, .violation of
biological criteria is sufficient cause for States to in.
itiate regulatory action. Corroborating chemical and
toxicity testing data are not required (though they
may be desirable) as supporting evidencs to sustain
& determination of use impalrment. Mowever, & find-
ing that biological criteria fail to indicate use impair-
ment does not mean the use is automatically
attained. Other evidence, such as violation of physi-
cal or chemical criteris, or results from toxicity tests,
can also be used to identify impairment. Alternative
forms of criteria provide independent assessments
of nonattainment,

As stated above, diological criteria may be nar-
rative staterments or numerical values, States can
8stablish general narrative biological criteria early in
program development without conducting biologica!
assessments. Once established in State standards.
narrative biological criteria form the legal amd

14
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programmatic basis for expanding biological as-
sazsment and blosurvey programs nesded to imple-
ment narrative criteria and develop nhumeric
biological criterie. Narrative Dbiological criteria
should become part of State regulations and stand-
ards,

Narrative Criteria

MNarrative biclogical criteria are general state-
ments of attainable or attained conditions of biclogi-
cal integrity and water quality for a given use
designation. Although similar to the ‘free from®
chemical water quality criteria, narrative biological
criteria e@stablish a positive statement about what
shoulg ogcur within a water Sody. Narrative critaria
can take & number of forms but they must contain
several attributes to support tha goals of the Clean
Water Act ta provide for the protection and propaga-
tion of fish, shelifish, and wildlife. Thus, narrative
criteria should include specific language about
aquetic community characteristics that {1) must
axist in a waterbody to maet a particular designated
aqusiic life use, and {2) are quantifiable. They must
be written 1o protect the use. Supporting statemants
for the criteria should promote water quality to
protect the most natural community possible for the
designated use. Mechanisms should be established
in the standard to address potentially conflicting
multiple uses. Narratives should be written to

Chapter 3: The Conceptusl Framework

protect the most sensitive use and support an.
tidegradation.

Several States currently use narrative criteria.
In Maine, for example, narrative criteria were estab-
lished for four classes of water quality for streams
and rivers (see Table 4). The classifications were
based on the range of goals in the Act from “no dis-
charge" to “protection and propagation of fish,
shelifish, and wildlife® (Courtemanch and Davies
1887). Maine separated its *high quality water* into
two categories, ons that reflects the highaest goal of
the Act (no discharge, Class AA) and one that
reflects high integrity but is minimally impacted by
human activity (Class A). The statement “The
aquatic life . . . shall be as naturally occurs® is a nar-
rative biclogical critarion for both Class AA ang A
waters. Waters in Class B meet the use when the
tifa stages of all indigenoys aquatic species are sup-
ported and no detrimental changes occur in com-
munity composition (Maine DEP 1986). These
criteria directly support refined designated aguatic
life uses |see Section D, Refining Aqualic Lite Use
Classifications).

These narrative criteria are sflective only if, as
Maine has done, simple phrases such as ‘as
naturally occurs® and "nondetrimentai® are clearly
operationally defined. Rules for sampiing proce-
dures and data analysis and interpretation should
become part of the regulation or supporing
documentation. Maine was able to develop trese
criteria and thair supporting statements using avail-

Table 4.—-Aquatic Lile Claagitication Scheme for Malne's Rivers snd Streams.

RIVERS AND
STREAMS MANAGEMENT PERSPECTIVE LEVEL OF BIOLOGICAL INTEGRITY
Clasy AA High quality water for preservation ot Aquatc life shall be as naturaliy occurs.
recreationsl and ecoiogical nterests. No
discharges of any kind permitied. No
impoundment permutted.
Class A High Quality water with limited human Aguatic ite shall be as naturally occurs
interferencs. Diacharges rasincted to noncontact
DroCesE WaleT OF Nighly treaied wastewater of
Quakty equal 10 of batter than the receming
walet. Impoundmen pemitted. )
Class B Good qualty water. Discharges of well lreated Ambent water quakty sulficient 1o suppon vfe
effiuants with ampile dilution permitied, stages of all incigenous aguatic speces Omy
nondetnmental changes n community
_ COMpOSINON may octur.
Class C Lowest quality water Requiremants consistent Ambient water qualify sulficvent to suppon tre

with intenm goais of the federat Water Quaity

Law (hshable and swimmable}

nfe stages ol alt indigenous fish species
Changes in species COMPOSION may oceL” tu!
structure and lunction of the aguatic commy-*,
must be maintaned
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able dats from water quality programs. To imple-
mant the crileria, aquatic life inhabiting unimpaired
walers must be measurad to quantify the criteria
statement.

Narrative criteria can take more specific forms
than iliustrated in the Maine example. Narrative
criteria may include specific classes and species of
organisms that will occur in waters for & given desig-
nated use. To devalop these narratives, fleid evaiva-
tions of reference conditions are necessary 0
identify biological community atiributes that differ
significantly between designated uses. For example
in the Arkansas usa class Typical Gulf Coastal
Ecoregion (i.e., South Central Plains) the narrative
criterion reads:

*Streams supporting diverse
communities of indigenous or adapted
specias of fish and other forms of
aquatic life. Fish communilics are
charactsrized by a limited proportion of
sensitive species; sunfishes are '
distinctly dominant, folicwed by darters
and minnows. The communily may be
generally characierized by the following
Ashes: Key Species—Redfin shiner,
Spotted sucker, Yellow bulthead, Flier,
Slough daner, Grass pickerel; Indicator
Species—~Pirate perch, Warmouth,
Spotted sunfish, Dusky darter, Creek
chubsucker. Banded pygmy sunfish
{Arkansas DPCE 1988).

In Connecticut, current designated uses are
supported by narratives in the standard. For ex-
ample, under Surface Water Classifications, Inland
Surlace Waters Ciass AA, the Designated Use is:
‘Existing or proposed drinking water supply; fish
and witdiife habitat; recreational use; agricuturat, in-
dustrial supply, and other purposes (recraation uses
may be restricted).®

The supporting namatives include:

Benthic invertebrates which inhabit fotic
waters: A wide variety of .
macroinvertebrate taxa should normally
ba prasent and all functional groups
should normally be well reprasented . . .
water quality shall be sutficient 1o
sustain a diverse macroinvertabrata
community of indigenous species. Taxa
within the Orders Plecoptera

{stoneflies), Ephemeroptera (mayflies),
Coleoptera (beeties), Tricoptera’ '
{caddisllies) should be wali represanted .
(Connecticut OEP 1987).

For these narratives to be effective in a biclogi-
cal criteria program expreasions such as ‘a wide
variety" and *functional groups should normally be
well represented® require quantifiable definitions
that be->me part of the standard or supporting
docur:  ‘ton. Many States may find such narra-
tives in  «ir standards already. If 80, States should
svaiuate current language to determine if it meets
the requirements of quantifiable narrative critena
that support refined aquatic life uses.

Narrative biological criteria are similar to the
traditional narrative “lree froms™ by providing the
legal basis for standards applications. A sixth *free
from* could be incorperated into standards to help
support narrative biological criteria such as 'free
from activities that would impair the aquatic com-
munity as it naturally occurs.” Narrative biological
criteria can be used immediately 1o address cbvious
existing problems.

Numeric Criteria

Numerical indices that serva as biclogical
criteria should descnbe expected anainatie com-
munity atinbutes for different designated uses. it s
important to note that tull implementation of narra-
tive criteria will require similar data as that needed
for daveloping numaric criteria. At this time, States
may or may hot choose to establish numeric critaria
but may find it an effective ool for reguiatory use.

To derive & numeric criterion, an aquatic ¢com-
munity's structure and function is measured at refer-
ence sites and sst as a reference condition.
Examples of relative measures include similarity in-
dicas, coefficients of community loss, and com-
parisons of lists of dominant taxa. Measures of
oxisting community structure such as species rich:

‘ness, presence or absence of indicator taxa, and

distribution of trophic feeding groups are usetui for
astablishing the normal range of community com-
ponents to be expected in unimpaired systems. For
aexample, Ohio uses criteria for the warmwater
habitat use ciass based an mufitiple measuras in dif-
ferent reference sites within the same ecoregion.
Criteria are sel as the 25th percentde of all biolog-
cal index scores recorded at established reference

16
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sites within the scoregion. Exceptional warmwater
habitat index criteria are set at the 75th percentile
{Ohio EPA 1588a). Applications such as this require
an sxiensive data base and multiple reference sites
for each criteria value.

To develop numaeric biological criteria, careful
assessments of bicta in reference sites must be
conducted (Hughes at al. 1988). There are
numearous ways 10 assess community structure and
function in surface waters. No single index or
measure is universally recognized as free from bias.
It is important to evaluate the strengths and weak-
nasses of different assessment approaches. Amuiltl
melric approach that incorporates information on
specios richness, trophic composition, abundance
or biomass, and crganism condition is recom-
manded. Evaluations that measure multiple com:-
ponents of communities are also recommended
because they tend !0 be more reliable (e.g.,
measures of fish and macroinvertebrates combined
will provide more information than measures of fish
communities along). The weaknesses of one
measure or index can oftan be compansated by
combining it with the strengths of other community
measuraments,

The particular indices used to develop numeric
criteria depend on the type of surface waters
(streams, rivers, lakes, Great Lakes, estuaries, wet-
lands, and nearshore marine) to which they must be
applied. in general, community-level indices such
as the Index of Bictic Integrity developed for mid-
- weslern stroams (Karr et al. 1986} are more easily
interpreted and less variable than fluctuating num-
bers such as population size. Future EPA technical
guidance documents will include evaluations of the
effectiveness of different biological survey and as-
sessment approaches for measuring the biclogical
intagrity of surface water types and provide
guidance on acceptable approaches for biological
criteria development.

Refining Aquatic Life Use
Classifications

State standards consist of (1) designated
aquatic life uses, (2) criteria sufficient 1o protect the
designated  and existing use, and (3) an an.
tidegradation clause. Biclogical criteria support
designaled aquatic life use classifications far ap-
plication in State standards. Each State develops ils

Chapter 3: The Conceptual Framework

own designated use classification system based on
the generic uses cited in the Act (e.g., protaction
and propagation of fish, shelfish, and wildlite).
Designated uses are intentionally general. How-
ever, States may develop subcategories within use
designations to refine and clarify ths use class.
Clarification of the uss class is particularly helpful
whaen a variety of surface waters with distinct char.
acteristics fit within the same yse class, or da not fit
wall into gny category. Determination of nonattain-
ment in these waters may be difficult and open to al-
ternalive interpretations. f a detsrmination is in
dispute, regulatory actions will be difficult to ac-
complish, Emphasizing aquatic community structure
within the designated use tocusss the svaluation of
attainment/nonattainment on the resource of con-
cem under the Act.

Flexibility inherent in the State process for
designating uses allows the development of sub-.
categories of uses within the Act's general
categories. For example, subcategories of aquatic
life usaes may be on the basis of attainable habitat
(e.g., cold versus warmwater habitat); innate dif-
farences in community structure and function, (e.g.,
high versus low species richness or productivity); or
fundamental differances in important community
components (e.g., warmmwater fish communities
dominated by bass versus catfish). Special uses
may also be designated to protact particularly uni.
que, sensilive, or valuable aquatic species, tom-
munities, or habitats,

Refinement of use classes can be ac-
comptished within current State use classification
structures. Data collected frorn biosurveys as part of
a developing biocriteria program may reveal unique
and consistent differences among aquatic com-
munities inhabiting different waters with the same
designated use. Measurable biological attributes
could then be used to separate one class into two or
more classes. The result is a refined aquatic life
use. For example, in Arkansas the beneficial use
Fisheries "provides for the protection and propaga.
tion of fish, shelifish, and other forms of aquatic life*
(Arkansas DPCE 1988). This use is subdivided into
Trout, Lakes and Reservoirs, and Streams. Recog-
nizing that stream characteristics across regions of
the State differed ecologically, the State further sub-
divided the stream designated uses intc eight acdi-
tienal uses based on regional charactaristics (e g
Springwater-influenced Gulf Coastal Ecoregion
Ouachita Mountains Ecoregion). Within this ctas-
sification systern, it was relatively straightforward for
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Arkansas to establish detailed narative biclogical
criteria that list aquatic community components ex-
pacted in each ecorsgion (sse Narrative Criteria
section), These narrative criteria can then be used
to sstablish whether the use is impaired.

States can refine very generai designated uses
such as high, medium, and low Guality to specific
categories that include measurable ecological char-
acteristics. in Maine, for example, Class AA waters
are defined as “the highest classificalion and shall
be applied to waters which are outstanding natural
resources and which should be preserved because
of their ecological, social, scenic, of recreational im-
portance.* The designated use includes "Class AA
walers shail be of such quality that they are suitable

as habitat for fish and other aquatic life. The
habitat shail be characterized as fres flowing and
natural.® This use supports development of narra-
tive criterta based on biological characteristics of
aquatic communities (Maine DEF 1986, see the
Narrative Criteria section).

Blological criteria that include lists of dominant
or typical species expected to live In the surlace
water are particularly effective. Descriptions of im-
paired conditions are more difficult lo interpret.
Howaever, biclogical criteria may contain statements
concemning which species dominate disturbed sites,
as wuell as those species expected at minimally im-
pactad sites.

Most States coliect biological data th current
programs. Refining aquatic life use classifications
and incorporating biological criteria into standards
will enable Statss to evaluate these dau more ef-
factively.

Developing and
Implementing Biological
Criteria

Biological criteria development and impiemen.
tation in standards require an understanding of the
selection and evaluation of raference sites, meas.
urement of aguatic community structure and func-
tion, and hypothesis testing under the scientific
method, The developmental process is important for
State water quality managers and their staff to un.
derstand to promote effective planning for resource

and staff needs. This major program slement deser. .

ves careful consideration and has been separated
out in Part |l by chapter for each developmental siep
as noted below. Additional guigance wilt be provided
i fyture technical guidance documents.

The deveicpmental process is illustrated in Fig.
ure 3. The first step is establishing narrative criteria
in standards. Howaevet, 10 support these narratives,
standardized protocols need to be developed to
quanitiy the narratives for criteria implementation.
They should Include data coilection procedures,
selection of reference sites, quality assurance and
quality control procedures, hypothesis testing, and
statistical protocols. Pilot studies should be con-
ducted using these standard protocols to ensure
they mest the needs of the program, test the

“hypotheses, and provide effectfve measures cof the

biofogical integrity of surface waters in the State.

Figure 3.—~Process {or the Development and
Implementation of Biologicat Criteria

Develop Standard Protocols
({Test protocol sensitivity)

¥

identity and Conduct Biosurveys at
Unimpaired Refersnce Sites

¥

Estabush Brotogical Critena

¥

Conduct Biosurveys al Impacled Sitas
{Oeterm:ne impayment)

»~ ™\

impaired Candition Not Impaired

¥ {

Dagnose Cause of No Action Required
impairment Continued Monitoning
* Recommended

implament Controt

Fig. 3: Imptementation of bigiogical crilens requires the in.
itial selection of reference sites and charactenzation of res:
denl aquatic communmitieg nhatsting those sites Lo establish
the relerance condition and biological criena. After critena
development. 'mpacted $ites are avaluatéd using the same
biosurvey procedurses to assess resident Diota. It impairment
18 lound, diagnomis of cause will lead to the impismentaton
of a control. Continued monitoring snould accompany con.
trol implamentation (o determwns ihe eflachivenass ot in.
tervertlion Montoring 13 also recommanded where no «m.
pairment 13 1ound 10 ensure that the surface water maintaing
Or fMproves in quainy
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The next step s establishing the reference con-
dition for the surface water being tested. This refer-
ence may be site specific or regional but must
establish the unimpalred baseline for comparison
{see Chapter 5, The Reference Condition). Once
referance sites are selected, the biclagical integrity
of the site must be evaluated using carefully chosen
biological surveys. A quality biological survey will in-
clude multiple community components and may be
measured using a variety of metrics (see Chapter 6,
The Biclogical Survey). Establishing the reference
condition and ¢onducting biolagical surveys at the
tafarence locations provide the necessary informa-
tion for astablishing the biclogical criteria,

To apply biclogical criteria, impacted surface
waters with comparable habitat charactaristics are
evaluated using the same procedures as those used
to establish the cnteria. The biological survey must
support standardized sampling methods and statis-
tical protocols that are sensitive enough 10 identity
biologically relevant dilferences between estab-
lished criteria and the community under evaluation,
Assuiting data are compared through hypothesis
testing to determine impairment (see Chapter 7,
Hypothesis Testing).

When water quality impairments are datected
using biological criteria, they can only be applied in
a regulatory setting if the cause for impairment can
be identifisd. Diagnosis is iterative and investigative
{see Chapter 7, Diagnosis). Slates must then deter-
mine appropriate actions to implement controls,
Monitoring should remain a part of the biclogical
crieria program whather impairmants are found or
© not, if an impairment exists, monitoring provides a
mechanism 10 determine if the control effort (Inter-
vention} is resulting in improved water quality. i
there ia no impalrment, monitoring ensures the
water quality is maintained and documents any im.
provements. When improvements in water quality
are detected through monitoring programs two ac-
tions are recommended. When reference condition
waters improve, biological criteria valuea should be
recalculated lc refiect this higher level of integrity,
When impaired surface waters improve, states
should reclassify those watera to reflect a refinad
designated use with a higher level of biological in-
tegrity. This provides a mechanism for progressive
water quality improvement,

Chapter 3: The Conceptual Framework
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Integrating Biological
Criteria Into Surface Water
Management

quality programs will heip to assess use atisin-
mentnonattainment, improve problem  dis-
covery in specific waterbadles, and characterize
-overall water résource condition within a region.
Ideaily, bictogical critaria tunction in an iterative man-
nar. New biosurvey information ¢an be used to refing
use classes. Refined use classes will help suppont
critera development and improve the value of data
collected in biosurveys. '

Intograljng biological criteria inta existing water

Implementing Biological
Criteria

As biological survey data are collected, these
data will Incressingly support current use of
biomonitoring data to identily water quality
problems, assess their severity, and set planning
and management priorities for remediation. Monitor-
ing data and biological criteria should be used atthe
outsei to help make regulatory decisions, develop
appropriate controly, and evaiuate the effectiveness
of controls once they are impiemantad.

Thse vailue of incorporating blological survey in-
formation in reguiatory programs is Hlustrated by
avaluations conducted by North Carolina. In

To integrate biological criteria into water quality
programs, states must carefully determine where and
how daia are coliected o assess the biological integrity
of surface waters.

response to amendments of the Federal Water Pol-
lution Contrel Act requiring secondary effluant limits
for all wastawater treatment plants, North Carotina
became embroiled in & debate aver whether meet-
ing secondary effluent limits (at considerable cost)
would result in better water quality. North Carolina
chose 1o test the effectiveness of additional treat-
ment by conducting seven chemical and biological
surveys before and after facility upgrades (North

21

18607



Soloplon! Criwnis:  Nationsl Program Guidence

Caroling ONRCD 1984). Study results indicated that
moderate [0 substantial In-stream improvements
were obsarved at six of seven faciilties. Biological
surveys wers used ss an efficient, cost-effective
monitoring tool for assessing In-siream improve-
mens after facility modification. North Caroiina has
also conducted comparative sludies of benthic mac-
roinvertebrate surveys and chemical-specific and
whols-effluent evaiuations 10 assass sensitivitles of
these measures for detecting Iimpairments
{Eagleson et al. 1990).

Narrative blological criteria provide & scientific
framework for avaiuating biosurvey, bioassessment,
and biomanitoring data collected in most States. Ini-
tial application of narrative biological criteria may re-
quire only an evaluation of current work. States can
use available data to define variables for choosing
raferance sites, selecting appropriate biotogical sur-
vays, and assessing the rasponse of local biota to a
variety of impacts. States should alsoc consider the
decision criteria that will be used for determining ap-
propriate State action when impairment is found.

Recsnt efforts by several States to deveiop
biciogical criteria for freshwater sireams provide ex-
cellent examples for how biological criteria can be
integrated into water quality programs. Some of this
work is described in the National Workshop on in-
stream Blological Monitoring and Criteria proceed-
ings which recommended that “the concepl of
biclogical sampling should be integrated into the full
spectrum of Slate and Federal surface water
programs® (U.S. EPA 1987D). States are actively
developing biclogical assessment and criteria
programs; saversl have programs in place.

Biological Criteria in State
Programs

Blological criterla we used within  water
programs lo refine uss designations, establish
criteria for determining use attalnment/nonattain-
ment, evaluale effectiveness of current water
. programs, and. detect and characterize previously
unknown impairments. Twenty States are currently
using some form of standardized ambient biological
assasamants ia detarmine the status of bicts within
State waters. Levels of offort vary from bloassess-
ment studies to fuly developed biological criteria
programs.

Fiteen States are developing aspects of
biological assessments that will support future
deveiopment of biological criteria. Colorado, lilinois,
lowa, Kentucky, Massachusetts, Tennassee. and
Virginia conduct biclegical manitoring to evaluate
biological conditions, but are not developing blologi-
cal criteria. Kansas is considering using a com-
munity metric for water resource assessment.
Arizona is planning to refine ecoregions for the
State. Delaware, Minnesota, Texas, and Wisconsin
are developing sampling and evaluation methods to
apply to future biological criteria programs. New
York Is proposing to use biciogicat critena for site.
specific evaluations of water guality impairment.
Nebraska and Vermont use informal biclogical
criteria to support existing aquatic life narratives in
their water quaiity standards and other regulatians.
Vermont recenlly passed a law requiring that
biological criteria be used to regulate through per-
mitting the indiract discharge ot sanitary effiusms.

Florida incorporaled a specific biclogical
criterion into State standards for invertebrata
species diversity. Species diversity within a water-
body, as measured by a Shannon diversity index,
may not fall below 75 percent of refarence values.
This criterion has been usad in enforcement cases
to obtain injunctions and monetary sstdements.
Florida's approach is very specific and limits aner-
native appticalions.

Four States—Arkansas, North Carolina, Maine,
and Ohio—are currently using biological triteria 1o
define aquatic life use classifications and enferce
water quality standards. These states have made
biological criteria an integral part of comprehensive
water quality programs.

8 Arkansas rewrote ils aquatic lite use classifica.
tions for each of the State's acoragions. This has al-
lowed many cities 10 design wastewater treatment
plants to meet realistic attainable dissolved oxygen
conditions ag determined by the new criteria.

¥ Narth Carolina developed blological criteria to
assess impairment to aquatic life usag written as nar-
ratives in the Stats water quality standards. Blologi-
cal data and criteria are used extensively to identity
waters of special concem or thoss with exceptional
water quatity. In addition ta the High Quality Waters
(HOW) and Outstanding Resource Waters (ORW)
designations, Nutrient Sensitive Waters {(NSW) at
rnsk for eutrophication are assessed using biclogical
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criteria. Although specific biclogical measures. are
not in the reguiations, strengthened use of biclogical
monitoring data to assess water qualily is being
proposed for incorporation in North Carclina’s water
quality standards.

® Maine has enacted a revised Watar Quality
Classification Law specifically designed 1¢ facilitate
the use of biological assessments. Each of four
water classes contains descriptive aquatic life condi-
tions necessary 1o aftain that class. Based on a
statewids database of macroinvertebrate samples
collecled above and below outfalls, Maine is now
deveioping a set of dichotomous keys thit serve as
the biclogical criteria. Maine's program i8 not ox-
pected to have a significant roig in permitting, but will
ba used to assess the degree of protaction alferded
by efflusnt limitations.

@ Qhlo has instituted the most extensive use of
biotogical criteria for defining use classifications and
assessing water quatity. Biological criteria were
developed for Qhio rivers gnd streams using an
ecoregional reference site approach. Within each of
the Stale's five ecoregions, criteria for three biclogl-
cal indices (two for fish communities and one for
macroinverietrates) were derived. Ohio successhully
uses biological criteria to demonstrate attainment of
aquatic life uses and discover praviously unknown of
unidentified environmental degradation (e.g., twice
as many impawed waters were discovered using
bological enteria and water chemistry together than
ware found using chemistry alons). The upgraded
use designations based on biological criteria were
upheld in Ohio courts and the Ohio EPA successiully
proposed their biological criteria for inclusion in the
State water quality standards raguiations.

States and EPA hxve isamed a great deal about
the eftectiveness. of inmagrated biological assess-
ments through the development of biological criteria
for freshwater streams. This information is par-
licularly valuable in providing guidance on develop-
ing biological criteria for other surface water types.
As proviously discusssd, EPA pians to produce sup-
porting technical guidance for biotogical criteria
development in streams and other surface waters,
Production of these guidance documents will be
contingent on technical progress made on each sur-

Chapier 4: Integrating Biologicsl Crtens

face water typs by ressarchers in EPA, States and
the academic cornmunity.

EPA will also be developing outreach work-
shops to provide technical assistance to Regions
and States working loward the implementation of
biological criteria programs in State water quality
management programs. in the interim, States
should use the technical guidance currently avail-
able in the Technical Support Manual{s): Waterbody
Surveys and Assessmaents for Conducting Use At.
tainability Analysis (U.S. EPA 1983b, 1984a.b).

During the next triennium, State effort will be
focused on developing narrative biclogical ¢ritena.
Full implemantation and integration of biological
criteria will require several years. Using available
guidance, States can complement the adoption of
narrative criteria by developing implementation
plans that include:

1. Defining program objectives, daveloping
research protocols, and setting prianties;

2. Determining the process for establishing
refarence conditions, which includes
developing a process to evaluate habitat
characteristics;

3. Establishing bictogical survey protocals that
include justifications for surface water
classifications and selected aguatic
community components {0 be evaluated.
and

4. Developing a formal document describing
the research design, quality assurance and
quality control protocols, and required
training for staff,

Whether a State hegins with narrative biciogical
criteria or moves to fully implement numeric critena,
the shift of the water quality program focus from
scurce conirol to resource management represants
a natural progressicn in the evolution from the tech-
nology-based to water quality-based approaches in
water quality management. The addition of a
biological perspectiva afiows water quality programs
to more directly addrass the objectives of the Clean
Water Act and 10'place their etfonts in a context that
is more meaninghul to the public.
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Future Directions

Biciogical criteria now focus on resident aquatic
communities in surface waters. They have the
potential 1o expand in scope toward greater ecologi-
cal integration. Ecological crileria may encompass
the ambient aquatic communities in surface waters,
wildlife species that uss the same aquatic resour-
ces, and the aquatic community inhabiting the
gravet and sediments underlying the surface waters
and adjacent land {(hyporheic zone); spaecific criteria
may apply 1o physical habitat. These areas may rep-
resent onfy & few possible options for biological
criteria in the future.

Many wildlife species depand on aquatic resour-
ces. If aquatic population levels decrease or if the
gistribution of species changes, food sources may
be sufficiently altered to cause problems for witdlite
sSpecies using aquatic resources. Habital degrada-
non thal impars aquatic species will often impact
important wildlife habitat as well. Thaese kinds of im-
pairmants are likely to be detected using biclogical
criteria as currently formulated. In some cases,
however, uptake of contaminants by resident
aqualic organisms may not result in altered struc-
ture and function of the aquatic community. These
ympacts may go undetected by biological cnteria,
but could result in wiltdlife impairmanis because of
bioaccumulation. Future expansion of biclogical
cntena’ to include wildlife species that depend on
aquabic resourcas could provide a more integrative
gcosystam spproach.

Rivers may have a subsurface flood plain ex-
tending as far as two kilomaeters from the river chan-
nel. Preliminary mass transport calculations made
tn the Flathead River basin in Montana indicate that
nutrients discharged from this subsurface flood
plain may be crucial to biotic productivity in the river
channel (Stanford and Ward 1988). This is an unex-
picred dimension in the ecology of gravel rivar beds
and potentially in other surface waters.

As discussed in Chapter 1, physical integrity is a
necassary condition for biological integrity. Estab.
lishing the reference condition for biological criteria
requires evaiuation of habital, The rapid bicassess-
ment protocol provides a good example of the im.
portance of habitat for interpreting biological
assessmaents (Plafkin et al. 1989). However, it may
be useful io more fully integrats habitat charac-
teristics into the regulatory process by establishing
criteria based on the necessary physical structure of
habitats to suppon ecological integrity.
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m

The implementation of biclogical criteria requires: (1) selection of unimpaired
(minimal impact) surface waters to use as the reference condition for each desig-
nated use, (2) measurement of the structure and function of aquatic communities in
reference surface waters to establish biological criteria, and (3) establishment of a
protocol to compare the biological criteria to biota in impacted waters to determine
whether impairment has occurred. These elements serve as an interactive network
that is particularly important during early development of biological criteria
where rapid accumulation of information is effective for refining both designated
uses and developing biological criteria values. The following chapters describe
these three essential elements.

==
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The Reference Condition

key stop in developing values for support-
A ing narrative and creating numeric biolagi-
cal criteria is to establish referance
conditions; it is an essential feature of environmental
impact avaiuations (Graen 1979). Reterence condi-
tions are critical for environmental assessments be-
cause standard experimental controis are rarely
available. For most surface waters, baseiine data
waers not collected prior to an impact, thus impair-
ment must be inferred from diffetences between the
impact site and established references. Reference
- conditions describe the characteristics of waterbody
segments least impaired by human activities and are
used to define attainable biological or habitat condi-
tions.

Wide variabilty among natural surface waters
across the country resulting from climatic, landform,
and other geographic differsnces prevents the
development of nationwide rafersnce conditions.
Most States are also too heterogensous for single
reference conditions. Thus, sach State, and when
appropriate, groups of States, wit be responsible for
selecting and svaluating reference waters within the
State to establish biologicai criteria for a given sur-
face water type or catagory of designated use. At
least seven methods for estimating attalnable condi.
tions for streams have been identified (Hughes st al.
1686). Many of these can apply to other surface
waters. References may be estabiished by defining
models of attalinable conditions based on historical
data or unimpaired habitat (e.g.. streams in oid
growth forest). The reference condition established
as before-after comparisons or concurrent mea-

Reference conditions should be established by
measuring resident biota in urimpaired swrface walters.

sures of the reference water and impact sites can be
based on empirical data (Hall et al. 1989).

Currently, two principal approaches ara usad for
establishing the refsrence condition. A State may
opl to (1} identity site-specific reference sites tor
each evaluation of impact or (2) select ecologically
similar regional refarence sites for comparison with
impacted sites within the sams region. Both ap-
proaches despend on svaiuations of habitats to en-
sure that watars with similar habitats are compared.
The designation of discrete habitat types is more
tully developed for stireams and tivers. Development
of habitat types for lakes, wetlands, and estyares is
ongoing.

27

18613



Siglogicnl Criseria:  Nasionsd Program Gisdence

Site-Specific Reference
Condition

A site-specific reference condition, frequently
used to evaluate the impacts from a point discharge,
is best for surface waters with a strong directional
flow such as in streams and rivers {the upsiream-
downstream approach). However, it can aiso be
used for other surface waters where gradients in
contaminant concentration occur based on
proximity to a source (the near field-far field ap-
proach). Establishment of a site-spaecific refarence
condition requires the availability of comparable
habitat within the same waterbody in both the rafer-
ance location and the impacted ares,

A site-specific reference condition is difficult to
establish if (1) diffuse nonpoint source poilution con-
taminates most of the water body; (2) modifications
to the channel, shoreline, or bottom substrate are
extensive; (3) point sources occur st multiple loca-
tions on the walerbody; or |4) habitat characleristics
ditter significantly between possible reference loca-
tions and the Impact site (Hughes et gl. 1988; Plaf-
kin ot al. 1889). In these cases, site-specific
reforence conditions could resuk in undersstimates
of impairment. Despite limitations, the use of site-
specific reference conditions is often the method of
choice for point source - discharges and certain
watgrbodies, particularly when the relative impair-
ments from different local impacts need to be dater-
mined.

The Upstream-Downstream
Reference Condition

The upstresm-downstream reference condition
is best applied 0 streams and rivers where the

habitat characteristics of the waterbody above the

point of discharge are similar to the habitat charac-
teristics of the stream below the point of discharge.
One standard procedurs is 10 characterize the biotic
condition just above the discharge point (accounting
for possible upstream circulation) to establish the
reference condition, The condition below the dis-
chasge is aiso measured al several sites. If sig-
nificam differences are found between these
measures, impairment of the bicta from the dis-
charge is indicated. Since measurements of resi-
dent biota taken in any two sites are expected to
difter bacause of natural vanation, more than one

biological assessment for both upstream and
downstream sites is often needed to be confident in
conclusions drawn from these data (Green, 1979).
However, as more data are collected by a State, and
particularty if ragional characteristics of the water-
bodies are incorporated, the basis for determining
impairmaent from site-specific upstream-downstream
assessments may require fewer Individual samples.
The same mesasures made below the ‘recovery
zone® downsiréam from the discharge wiil help
define wheare recovery occurs.

The upstream-downstream refarence condition
should be used with discration since the reference
condition may be impaired from impacts upstream
from the point source of interest. In these cases itis
important to discriminate between individual point
source impact versus overall impairment of the sys-
tem. When overall impairment occurs, the resident
biota may be sufficiently impaired to make it impos-
sible 10 detect the effect of the larget point source
discharger.

The approach can be cost effective when one
biclogical assessment of the upstresm reference
condition adequalely reflects the attainable condi-
tion of the impacted site. However, routing com-
parisons may require assessments of several
upsiream siles to adequately describe the natural
variability of referencs biota. Even so, measuring a
series of site-specific references will likely cantinue
10 be the method of choice for certain poinl source
discharges, especially whete the reiative impair-
ments from different local impacts need to be deter-
minad.

The Near Field-Far Field Reference
Condition

The near fietd-far field reference condition is ef-
foctive for establishing a reference condition in sur-
face walars other than rivers and streams and is
particularly applicable for unique waterbodies (a.g.,
astuaries such as Puget Sound may not have com-
parable estuaries for comparison). To apply this
meathod, two variables are measured (1) habitat
characteristics, and (2) gradient of impairment. For
reference waters to be identified within the same
waterbody, sufficlent size is necessary {0 separate
the reference from the impact area 3o that a
gradient of impact exists. At the same time, habitat
characteristics must be comparable,
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Although not fully deveioped, this approach may

provide an effective way to establish biologicsl

criterla for estuaries, large lakes, or wetiands. For
oxample, estusrine habitats could be Jdefined and
possible reference waters identified using physical
and chemical variables like those selected by the
Chesapeake Bay Program (U.S. EPA 19874, e.g.,
substrate type, saiinity, pH) to establish comparable
subhabitats in an estuary. To determine those areas
least impaired, & “mussel watch® program like that
used in Narragangett Bay (i.e., captive musseis are
used as indicators of contamination, (Pheips 1968))
could establish impairment gradients, These two
measures, when combined, could forin the basis for
selecting specific habitat types in areas of least im-
parrment (o establish the reference condition,

Regional Reference
Conditions

Some of the limitations of site-specific refarence
conditions can be overcome by using regional refer.
ence conditions that are based on the assumplion

that surface waters integrate the character of the

iand they drain. Waterbodies within the same water-
shed in the sama region should bé more similar 10
each other than to those within watersheds in dif-
farent regions. Based on these assumptions, a dis-
mbution of aquatic regions can be developed based
on ecological leatures that directly or indirectly re-
late to water quality and quantity, such as soil type,
vegetation (land cover), iand-surface form, climate,
and land use. Maps that incorporate several of
these features will provide a general purpose broad
scala ecoregional framework {Gallant et al. 1989).

Regions of ecological aimilarity are based on
hydrolegic, climatic, geologic, or other relevant
geographic varisbies that influence the nature ot
tiota in surface waters, To establish a regional refar.
ence condition, surface waters of similar habital
type are identified in definable ecologicai regions.
The biclogical integrity of these reference waters is
determined to establish the refarance condition and
develop biclogical criteria. These criteria are then
used to assess impacted surface watsrs in the
same watershed or tegion. There are two forms of
regional reference conditions: (1) paired water-
sheds and (2) ecoragions.

Chaptar 5: The Reference Condition

Paired Watershed Reference
Conditions '

Paired watershed reference conditions are es-
tablished 10 evaluate impaired waterbodies, often
impacted by multiple sources. When the majonty ot
a watarbody is impairad, the upstream-downstraam
or near fisld-Tar field reference condition does not
provide an adequats representation of the unim-
pairad condition of aquatic communities for the
waterbody. Paired watershed reference conditions
are established by identitying unimpaired surface
waters within the same or very similar local water-
shed that is of comparable type and habital. Vari-
ables 10 consider when salecting the watershed
reference condition include absence of human dis-
turbance, waterbody size and other physical charac-
terislics, surrounding vegetation, and others as
described in the *Regicnal Reference Site Selec-

tion® leature.

This method has been successfully applied
{8.g., Hughes 1985) and is an approach used i
Rapid Bioassessment Protocols (Piafkin et al
1989). State use of this approach resulls in good
referance conditions that can be used immadiately
in current programs. This approach has the added
benefit of promaoting the development of a dalabase
on high quality waters in the State that could form
the foundation for astablishing larger reg:onal reter-
ences (e.g., ecoregions.)

Ecoregional Reference Conditions

Reference conditions can also be deveiopad on
a farger scale. For thase references, waterbodies of
similar type are identifisd in regions of ecological
similarity. To establish a regional reference condi.
tion, a set of surface waters of similar habitat type
are identified in each ecological region. These sites
must represent simitar habitat type and be repre-.
sentative of the region. As with other referenca con-
ditions, the biological integrity of selectad reference
waters i3 determined o establish the reference.
Biological criteria can then be deveioped and used
10 assess impactad surface waters in the same
ragion. Befaore references conditions may be estab-
lished, regions of ecological similarity must De
defined.
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Regional Reference Site
Selection

To determine specific regional reference siles
for streams, candidate walersheds are selected
fom the approprate maps and evaivated
aeterming if they are lypical for the region An
svaluation of lavel of human disturbance is magde
and & number of relatvely undisturbed relerance
sites ara seiecled from ihe candidate sides.
Generally, walersheds are chosen as regional rel-
erence sites when they fal entirely within typical
aroas of the regon. Candidaie sies are then
salecied by aenal and ground surveys ideniilica-
hon of candiCate sites is based on: (1} absence
of human disturbance. (2} strean size. (3} type
of straam channel, (4} location within a natural or
poimical refuge and (5} historica records of resi-
dant biota and possibie migrathon darners

Final sefechon of relerence sies depends on
a8 ostermington of muninal disturbance derrved
from habital evaluation made during site visits.
For axample, indicalors of good quality stresms in
forested acoregions inchude: (1) extensive, oid,
nalurg! ripanan vegetation; (2) relatively high het-
erogeneily in channel width snd depth: (3) abun-
danmt large woody debris, Codrse bolfom sub-
sirate Or extensive aquanc or overhanging vege-
taron. (4] relatively high or constant discharge,
{5) rarglively clear walers with natural color and
odor. (6) abundant diglom, insect, and fish as-.. -
sembiages: and (7) the presence of piscivorous -
birds and rnarmma’s.

One frequently used method is described by

Omaernik (1987) who combined maps of land-sur- -

face form, soil, potentisl natural vegetation; and
1and use within the conterminous United States 10
generale a map of aquatic ecoregions for the
country. He also developed more datailed regional
maps. The ecoregions defined by Omernik have
been evaluated for sireams and small rivers in
Arkansas (Rohm et al. 1987), Chio (Larsen ot al.
1988; Whiftier st al. 1987), Oregon (Whittier et at.
1988), Colorado (Gailant et al. 1989), and Wiscon-
sin {Lyons 1989) and for lakes in Minnesota (Heis-
kary et al. 1987). Siate ecoregion maps were

develcped tor Colorado (Gallant et al. 1989) and
QOrsgon (Clarke et al. mss). Maps for the national
scoregions and six muiti-state maps of more
detailed ecoregions are available from the U.S. EPA
Environmental Research ' Laboratory, Corvallis,
Oregon. .

Ecoregions such as those defined by Omaesnik
(1987) provide only a first step In establishing
ragional reference sites for development of the ref-
arence condition. Field site evaluation is required to
account for the inherent variability within each
ecoregion, A general method for seiecting reference
sites for streams has been described (Hughes et al,
1986). These are the sama variables used for com-
parable watershed reference site selection.
Regional and on-site evaluations of biclogical fac-
tors help determine specific sites that bast represant
typical but unimpaired surface water habitats within
the region. Details on this approach for streams is
described in the *Regional Reference Site Selec-
tion® feature. To date, the ragional epproach has
baesn tested on sirsams, rivers, and lakes. The
maethod appears applicable for assessing other in.
land ecosystems. To apply this approach 1o wet-
lands and estuaries will require additional
evaluation based on the relevant ecological features
of these ecosystams (e.g. Brooks and Hughes,
19a8).

Ideally, ecoregional reference sites shouid be
as Iile disturbed &s possible, yet represent water.
codieslor which-they are to serve as reference
waters. These sites may serve as references for a

large number of similar waterbodies (s.g., several

reference sireams may be usad to defing the refer-
ence condition for numerous physicatly separate
streams it the reference streams contain the same
range of stream morphoiogy, substrate, and flow of
the other streams within the same ecological
region),

An important benelit of a regional reference sys-
tem is the establishment of a baseline condition for
the least impacted surface walers within the
dominant land use pattern of the region. in many
areas a return to pristine, or preseltiement, condi-
tions is impossible, and goals for waterbodies in ex-
tensively developed regions could reflect this.
Regional reference sites based on the ieast m-
pacted sites within a region will help water quality
programs restore and protect the environment in a
way that is ecologically feasible.
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This approach must be used with caution for two
reasons. First, in many urban, industrial, or heavily
developed agricultural regions, even the least im-
pacted sites are sariously degraded. Basing stand-
ards or critaria on such sites will set standards too
low if these high laveis of envirognmaental degrada-
tion are considered acceptable or adequate. In such
degraded regions, alternative sources for the
regional reference may be needed (e.g., measures
taken from the same region in a less developed
neighboring State or historical records from the
region before serious impact occurred). Second, in
some regions the minimally-impacted sites are not
typicat of most sites in the region and may have
remained unimpaired precisely because they are
unigue. These two considerations emphasize the
nesd to select reference sites very carefully, based
on sclid guantitative data interpreted by profes-
sionals familiar with the biota of the region.

Each State, or groups of States, can select a
seves of regional reference sites that represent the
attainable conditions for 2ach region. Once biologi-
caj critaria are established using this approach, the
cast for evaluating local impairments is often lower
than a series of measures of site-specific reference
sites. Using paired watershed refarence conditions
immediately in reguiatory programs will provide the
added benefit of building a database for the
development of regions of ecological simiiarity.,

Chapter §: The Retersnce Condition
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hapter 6

The Biological Survey

critical eleamant of biological criteria is the
characterization of biological communities
inhabiting surface waters. Use of biclogical

data is not new, biclogical information has begn used

10 assess impacts from poliution since the 1880s

(Forbes 1928), and most States currently incor-

porate biological information in their decisions about

the quality of surface waters. However, biological in-
formation can be obtained through & variety of
methods, some of which are more effective than
others for characterizing resident aquatic biota.
Biolagical criteria are developad using biological sur-
veys; these provide tha only direct method for
measuring the structure and function of an aquatic
community.

0

RiAL

Different subhabitat within the same surface water wi
contain unique aquatic community components. In
rast-flowing siream segments species such as (1) black
tiy larva; (2) brook trout; (3) water penny; (4) crane fly
farva; and (5) water moss ocour.

However, in siow-fowing stream segments, Species
ke (1) water sirider; (2} smakmouth bass; {3) crayfish:
and (4) fingecnal clams are abundant,

Biological survey study design is of critical im-
portance to criteria development, The design must
be scientifically rigorous to provide the basis for
legal action, and be biotogically retevant to detect
problems of reguiatory concern. Since it is not finan-
cially or technically feasible to svaluate all or-
ganisms in an sntirs ecosystem at all imes, careful
selection ol community components, the time and
place chosen for assessments, data gathernng
methods used, and the consistency with which
thesa variables are applied will determina the suc-
cess of the biological criteria program. Biclogical
surveys must therefore be carefully planned to mast
scientific and legal requirements, maximize informa-
tion, and minimize cost.
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Blological surveys can range from collecting
samples of a single species 10 comprehensive
svaluations of an entire ecasystem. The first ap-
proach is difficult to interpret for community assess-
ment; the second approach is expensive and
impractical. A balance between these exiremes can
meet program needs. Current approaches range
between detailed ecological surveys, biosurveys of
targeied community componants, and biological in-
dicators (e.g., keysione species). Each of these
blosurveys has advantages snd Himitations. Addi-
tional discussion will be provided in technical
guidance under development.

No single type of approach to biclogical surveys
is aiways best. Many factors affect the value of the
approach, including seasonal variation, waterbody
size, physical boundaries, and other natural charag-
teristics. Pilot testing altemative approaches in
State waters may be the best way to determine the
sensitivity of specific methods lor evaluating biologi-
cal integrity of local waters, Due 10 the number of al-
temnatives available and the diversity of ecological
systems, individuals responsible lor ressarch
design ahould be experienced biclogists with exper-
tise in the local and regional ecology of target sur-
face waters. States should develop a dats
management program that includes data analysis
and svaluation snd standard operating procedures
as part of a Quaity Assurancs Program Plan.

When developing study designs for biological
criteria, two key slements to consider incfude (1)
selocting aquatic community components that will
best represant the Diclogical integrity of State sur-
face waters and (2) designing daim collecticn
protocols to snsure the best representation of the
aquatic community. Technical guidance currently
available 10 ald the development of study design in-
clude: Water Quallly Standards Handbook {\).S.
EPA 19834), Technical Support Manual: Waterbody
Surveys and Assessments for Conducting Lise At
tainability Analyses (U.S. EPA 1983b); Technical
Support Manusl: Waterbody Surveys and Assess-
ments for Conducting Use Attainability Analyses,
Volume ii: Estuarine Systems (U.S. EPA 1984a);
and Technical Support Manua): Waterbody Surveys
and Assessments for Conducting Use Attainability
Anslyses, Volume ll: Lake Systems (U.S. EPA
1584b). Future technical guidance will build on
these documents and provide specific guidance for
biologicat criteria development.

Selecting Aquatic
Community Components

Aquatic communities caontain a variety of
species that represent differemt trophic levels,
taxonomic groups, functional characteristics, and
tolerance ranges. Careful seiection of target
texonomic groups can provide & balanced assess-
ment that ls sufficiently broad to describe the struc-
tural and functional condgltion of an aquatic
ecosystem, yet be sufficiently practical to use on a
daity basis (Plafkin et al. 1589, Lenat 1988). When
selecting community components to include in a
biological assessment, prirary smphasis should go
toward including species or taxa that {1} serve as ef.
fective indicators of high biclogical integrity (i.e.,
those likely to live in unimpaired waters), (2) repre-
sent a range of pollution tolerances, {3) provide pre-
dictabte, repeatable results, and (4) can be readily
identified by trained State personnel,

Fish, macroinvertebrates, aigas, and zooplank-
ton are most commortly used in current bicassess-
ment programs, The taxonomic groups chosen will
vary depsnding on the typs of aquatic acosystem
being assassed and the typs of expected impair-
ment. For example, benthic macroinvertebrate and
fish communities are taxonomic groups often
chasen for flowing fresh waler. Macroinvertebrates
and fish both provide valuable ecological informa.
tion while fish carrespond 1o the regulatory and
public perceptions of water quality and reflect
cumulative environmental stress over fonger time
frames. Planta are often used In wetlands, and
algas are useful in lakes and estuarias [0 assess
eutrophication. in marine systems, benthic macrain-
vertebrates and submerged aquatic vegatation may
provide key comuniunity components. Amphipods,
for example, dominate many aquatic communities
and wre more 3ensitive than other invertebrates
such as poiychastes and moliuscs to a wide variety
of poliutants inctuding hydrocarbons and heavy me-
tals (Reich and Hart 1979; J.O. Thomas, pers.
comm.).

Rt is beneficial to supplement standard groups
with additional community components to meet
specific goals, objectives, and resources of the as-
sessment program, Biological surveys that yse two.
or three taxonomic groups (e.g., fish, macroinver-
tebrates, algae) and, where approprizte, inciude dif-
ferant ftrophic lsvels within sach group (e.g.
primary, secondary, and tertiary consumers) will

M
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provide a more realistic evaluation of system
blological integrity. This is analogous 1o using
species from two Or more taxonomic groups in
bioassays. Impairments that are difficul to detect

because of the temporal or spalial habits or the pol-

lution tolerancas of one group may ba revealed
through impairments in different species or as-
samblages (Ohic EPA 1988a).

Salection of aquatic community somponents
that show different sensitivities and responses 1o
the sama perturbation will aid in identifying the na-
ture of a probtem. Available data on the ecological
function, distripution, ang abundance of species ina
given habitat will help determine the most ap-
propriate targel species or taxa for biological sur-
vays in the habitat. The selaction of community
components should also depend on the ability of the
organisms to be accurately idenlified by trained
State personnel. Aftengent with the biclogical
criteria program should be the development cf iden-
titication keys for the organisms selected for study
in the biological survey.

Biological Survey Design

Biclogical surveys that measure the structure
and function ot aquatic communities will provide the
information neaded for biclogical criteria develop-
ment. Elemants of community structure and function
may be evaluated using a sernes of metrics. Struc-
tural metrics describe the compostion of a com-
munity, such as the number of different species,
ralative abundance of specific species, and number
and relative abundance of tolerant and intolerant
species, Functional metrics describe the scological
processes of the community. Thess may intiude
measuras such as community photosynthesis or
respiration. Function may alsc be estimated from
the proportions of various feeding groups (e.g., om-
nivorea, herbivores, and insectivores, or shredders,
collactors, and grazers). Biological surveys can
offer variaty and flexibility in application. indices cur-
rently available are primarily for frashwater streams.
Howaver, the approach has been used for lakes and
can ba developed for estuaries and wetiands,

Selecting the metric
Several methods are currently availgble for

measuring the relative structural and functional well.
being of fish assemblages in frashwater stzeams,

Chapter & The Biclogcal Survey

such as the Index of Blotic Integrity (1BI), Karr 1981,

Karr et al. 1988; Miller ot 2l. 1988) and the Index of

Well-being ((WB; Gammon 1978, Gammon et al.

1981). The 1Bl is one of the mora widely used as-

sessment methods. For additional detail. see the
*tndex of Biotic Integrity® feature.

T —— ]
Index of Biotic Integrity

The index of Biotic Integrity (1B1) 15 common:y
used lor hish- communily analysis (Karr 1981) Tre
onginal 18! was comprised of 12 metrics

B Six melncs evaliale species richnagss ara
composition

* aumoer of species

* numper of Jarter specres

* number of Sucker species

. nummi of sunlish spaces

* numbar of mtolarant species
* proporton of green sunfish

W (hreg meirics Quaniify trophi composibcn
v prooerton of omnnvores
* proporien of nsechvorous cypr'n oS
* proporton of pIscivores

B thres metncs summarize lish sabundence ang
conditon information

* number of ingrnduals v sample
* proportion of hybnos
* proporton o(:ndiwduals with disease

Each meiric i1s scored 1 (worst), 3. or 5 (bast)
dapending on how the field gata compare with ar
expecied vaiue oblained from reference sies A
12 mein¢ values are then summed [o provide an
overall indax vaiue thel represents refatve -
tegrity The 181 was designed for midwester~
streams, subshlute maelncs reffecting 1he same
structural and lunctional charactenstcs have
been created fo accommaodata regonal varators
in tish assemblages (Miller et g1 15988)
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Several indices that evaluste more than one
community characteristic are a/so available for as-
sessing siream macroinvertebrate populations.
Taxa richness, EPT W (number of taxa of the in-
sect orders Ephemeroptera, Plecoptera, and Tricop-
lera), and species poliution tolerance values are a
few of several components of these macroinver-
tabrale assessments. Example indices include the
Invertebrate Community Index (IC); Ohio EPA,
1988) and Hilsanhoff Biotic Index {HBI; Hilsenhoff,
1987).

Within these metrics specific information on the
poliution tolerances of different species within a sys-
tem will help define the type of impacts occuring in
a waterbody. Biological indicator groups {Intolerant
species, tolerant speciss, percent of dissased or-
ganisms) can be used for evaluating community
biclogical integrity it sufficient data have been col-
lacted to support conclusions drawn from the in-
dicator data. In marnne 3systems, for example,
amphipods have been usad by a number of re-
searchers as environmental indicators (McCall
1977; Botton 1979; Meams and Woard 1982).

Sampling design

Sampling design and statistical protocols are re-
quired 10 reduce sampling error and evaluate the
natural variability of biological responses that ara
found in both laboratory and fisld data. High
variability reduces the power of a statistical test to
detact real impairments (Sokal and Rohl, 1981).
States may reduce variability by refining sampling
techniques and protocol to decrease variability in-
troduced during data collection, and increase the
powar of the evaluation by increasing the numbaer of
replications. Sampiing techniques are refined, in
part, by collecting & representative sampte of resi-
dent biota from the same component of the aguatic
community from the same habitat type in the same
way at sies being compared. Data collection
protocols shouid incorporate (1) spatial scales
(where and how samples are coflectad) and (2} tem-

poral scaies (when data are collected) (Green,

1979):

§ Spatial Scales refer to the wide variety of sub-
habitats that exist within any surface waltes
habitat. To account for subhabitats, adequate
sampling protocois require selecting (1} the
location within a habitat where target groups

reside and (2) the method for collecting data on
target groups. For example, if fish are sampled
onty from fast flowing riMles within stream A, but
are sampled from siow flowing pools in strgam
B. the data will not be comparable.

u Temporal Scales refer to aquatic community
changes that occur over time because of diurnal
and kfe-cycle changes in organism behavior or
development, and ssasonal or annual changes
in the environment. Many organisms go through
ssasonal life-cycie changes that dramatically
affect their prasence and abundance in the
aquatic community. For example, macrainver-
tobrate data collected from stream A in March
and stream B in May, would not be comparable
bacause - the smergence of insect adults after
March would significantly alter the abundance
of subadults found in stream B in May. Simuar
protlems would occur if aigae were collected in
lake A during the dry seascn and lake B dunng
the wet season.

Fieid sampling protocols that produce quality
asssssments from a limHed number of site visits
greatly enhance the utility of the sampling techni-
que. Rapid bicassessment protocols, recently
deveiopaed for assessing streams, use standardized
tachniques to quickly gather physical, chemical. and
biological quantitative data that can assess changes
in biological integnty (Plafkin at al. 1989). Rapd
bioassessment masthods can be cost-effective
biological assesament approaches when they have
been verified with more comprehensive svaluations
for the habitats and region where they are to be ap-
plied.

Biological survey methods such as the I8( for
fish and ICI for macroinvertebrates were daveloped
in streams and rivers and hgve yet (0 be applied 10
many ecological regions. In addition, further re-
search is needad to adapt the approach 1o lakes,
watiands, and estuaries, including the development
of sitermative structural or functional endpeints. For
example, assessment methods for algae (e.¢.
measures of biomass, nuisance bloom frequency,
community structure) have been used for iakes. As-
sessment metrics appropriate for developtng
biological criteris for lakes, large rivers, wellands,
and estuaries are being developed and tested so
that @ multi-metric approach can be effectively used
for gl surface waters,
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Hypothesis Testing:

Biological Criteria and the
Scientific Method

islogreal criteria are applied in the standards
program by testing hypotheses about the
biological integrity of impacted surface
waters. These hypotheses include the null
upathesis—the designated use of the walerbody is
A impairgd—and alternative hypotheses such as
the designated use of the waterbody is impaired
(more specific hypotheses can aiso be generated
that predict the type(s) of impairment). Under these
hypotneses specific pradictions are generated con-
cerning the kinds and numbers of organisms repre-
senting community atructure and function expected
or found in ynimpalred habitats. The kinds and num-
bers of organisms surveyed in unimpaired waters
are ugsed to establish the biclogical criteria, Yo test
the alternative bypotheses, data collection and
analysis procedures are used to compare the criteria
t0 comparabie measures of community structure and
tunction in impacied waters.

Hypothesis Testing

To detect ditferences of biclogical and regula-
toty concern between biclogicat criteria and ambient
biological integrity at a test site, it is important to es-
tablish the sensitivity of the evaluaticn, A 10 percent
ditference in condition is mora difficult to datect than

50 percant difference. For the experimental/sur-
ay dasign o be effactive, the igvel of detection
should be precetarmined to establish sample size

Muitipls impacts in the sarme surface water Such as
discharges of efMuent from point sources, leachate from
landfiiis or dumps, and erosion from habitat degradation
sdch contribute to impairment of the surface water. All
impacts should be considered duning the diagnosis
process. ‘

for data coliection (Sokal and Rohif 1981).
Knowledge of expected natural variation, axperi-
mental error, and the kinds of detectable ditferences
that can be expacted will help determine sample

37
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size and location. This forms the basis for defining
data quality objectives, standardizing data cotiection
procedures, and developing Qquality assurance/
quality control standards.

©Once data are collected and analyzed, they are
used to test the hypotheses to determine if charac-
teristics of the resident biota at a est site are sig-
nificanty different from established criteria vaiues
for & comparable habitat. There are three possible
cuicomes: :

1. The use is impaired when survey design and
data analyses are sengitive enough to detect
differences of reguiatory importance, and
significant differences were detected, The
next step is to diagnose the cause(s) and
source(s) of impairmant.

2. The biclogical criteria are met when survey
design and data analyses are sensitive
enough to detect differences of reguiatory
significance, dut no differences were found.
in this case, no action is required by States
based on thase measurss. However, cther
esvidencs may indicate impaimnent {e.g.,
chemical criteria are violated; see below).

3. The outcome is indeterminate when survey
design and data analyses are not sensitive
anough to detect differences of regulatory
significance, and no differences were
detected. if a State or Region determines
that this ls occurring, the development of
study design and svajuation for biclogical
criteria was incompiete, States must then
determine whether they will accept the
sensitivity of the survey or conduct
addiional surveys 10 increass the power of

" their anslyses. If the sensitivity of the
original survery is accepted, the State should
determing what magnitude of difference the
survey is capable of detecting. This will aid
in re-evaluating research design and desired
detection Himits. An indeterminate ouicome
may also occur if the test site and the
reference conditions were not comparable.
This variable may also require re-evaluation,

As with all scientific studies, when implementing
bictogical criteria, the purpose of hypothesis testing
is to determine if the data support the conclusion
\hat the null hypothesis is false {i.e., the designated

use is not impaired In a particular waterbody).
Blolagical criterla cannot prove attalnmant. This
reasoning provides the basis for emphasizing inde-
pendent application of  different assessment
methods (e.g.. chemical verses biclogical criter:a).
No type of criteria can *prove” attainment; each type
of criteria can disprove attainment.

Although this discussion la iimited to the null
and one alternative hypothesis, it ts possible to
gensrate mulliple working hypotheses (Popper,
1968) that promote the disgnosis of water quality
problerns whan they exist. For example, if physical
habitat imitations are belisved to be causing impair-
ment (e.g.. sedimentstion) one alternative
hypothasis could specity the loss of community
components sensitiva 1o this Impact. Using multipte
hypotheses can maximize the information gained
from each study. See the Diagnosis section for addi-
tional giscussion,

Diagnosis

When impairment of the dasignated use is
found using biological criteria, a diagnasis of prob-
able cause of impaliment Is the next step for im-
plementation. Since biological criteria are primarily
designed {0 detect water quallty impairment,
problems are likely to be identified without a known
cause. Fortunately the process of evaluating test
sites for biological impairment provides significant
information 10 aid in determining cause.

During diagnostic evaluations, three main im-
pact categorias should be considersd; chemicy,
physical, and biological. To begin the diagnostic
process two questions are posed:

* What are the obvious causes of impalﬁnent?

* If no obvious causes are apparent, what
possibie causes do the biological data
suggest?

Obvious causss such as habitat degradation,
point source discharges, or introduced species are
often Identified during the course of a normal fieid
biological assessment. Blomanitoring programs not-
maily provide knowledge of potentlat sources of im-
pact and characteristics of the habitat. As such,
diagnosis is partly incorporated into many existing
State field-oriented bicassessment programs. it
more than one impact source is abvioys, diagnosis

k1
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will require determining which impact(s) is the cause
of impairment or the extent to which sach impact
contributes to impairment. The nature of the biologi-
cal impairment can guide evaluation (e.g., chemical
contamination may lead to the ioss of sensitive
species, habitat degradation may resuit in joss of
breeding habitat for certain species).

Case studies illustrate the effectivensss of
biological criteria in identifying impairments and
possible sources. For example, in Kansas (hree
sites on Little Mill Creek ware assessed using Rapid
Bioassessment Protocols (Plafkin et al. 1989; see
Fig. 4). Based on the results of a comparative
analysis, habitats at the three siles were com-
parable and of high guality. Biclogical impairment,
however, was identified at two of the three sites and
directly related to proximity to a point source dis-
charge from a sewage treatment plant, The severely
impared Site (STA 2) was located approximately
100 maters downstream from the plamt. The slightly
impaired Sie (STA 3) was located between one and
two miles downstream from the plant. However, the
unimpaired Site {STA 1(R}) was approximately 150
meters upstream from the plant (Plafkin et al. 1989).
This simple example illustrates the basic principles
of diagnosis. In this case the treatment plant ap-
pears responsible for impairment of the resident
biota and the discharge needs to be evaluated.

Chapter . Hypothesis Tasting

Basad on the biological survey the results are clear.
However, Impairment in resident populations of
maceainvartebrates probably would not have been
recognized using morae traditional methods.

In Maine, a more complex problem arose when
offiuents from a textile plant met chemical-specific
and effluent toxicity criteria, yet a biological survey
of downstream biota revealed up to 80 percant
raduction in invertebrate richness below plant out.
falis. Although the source of impairment seemed
clear, the cause of impairment was mora ditficult to
determine. By engaging in a diagnostic evaluation.
Maineg was able to determing that the discharge con-
tained chemicals not regulated under current
programs and that part of the toxicity effect was cue
to the sequential discharge of unigue efluerts
{tested individually these effluents were not tox.o:
when exposure was in a particular sequerce.
toxicity occursed). Use of biplogica! criter:a resu.ted
in the detection and diagnosis of this toxic:ity creb-
tem, which allowed Maine 1o develop workabie atter-
native operating procedures for the textile .ndustry
to correct the problem (Courtemanch 1989, and
pers. comm.).

During diagnosis it is important to consider and
discriminate among muitipla scurces of impairment,
In a North Carclina stream (see Figure 5) four sites
were evalualed using rapid bioassessment techni-

Figure 4. —Kansas. Banthic 2.0sssessmeni of Littte Mill Creek (Littte Mill Craak = Site-Specitic Reterence)

Relationsthip of Habitat and Bioassessment
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ques. An ecoregional reference site (R) established
the highest level of biological integrity for that
stream type. Site (1), well upstream from a local
town, was used as the upstream reference condi.
tion. Degraded conditions at Site (2) suggested non-
peint source problems and habitat degradation
because of proximity to residential areas on the
upstream edge of town. Al Site (3) habitat altera-
tions, nonpaint runoff, and poirt source discharges
cambined to severely degrade resident biota. At this
site, sedimentation and toxicity from municipal
sewige treatment effluent appeared responsible for
a major portion of this degradation. Site (4), al-
though several miles downstream from town, was
still impaired despite significant improvement in
habitat quality. This suggests that toxicity from
upsiream dischargss may stilt be oceurring (Bar-
bour, 1990 pers. comm.). Using these kinds of com-
parisans, through a diagnostic procedure and by
using available chemical and biglogical assessmaent
tools, the relative effects of impacts can be deter-
mined 3o that solutions can be formutated to im-
prove water quality.

When point and nonpoint impact and physical
habitat degradation occur simultaneousty, diagnosis
may require the combined use of biological, physi-
cal, and chemical evalustions to discriminate be-

tween these impacts. For example, sedimentation of
a stream caused by logging practices is likely to
result in a decrease in species that require loose
gravel for spawning but increase species naturally
adapted to fine sediments. This shift in community
components correlates well with the observed im-
pact. However, if the impact is a point source dis-
charge or nonpoint runoff of toxicants, both species
types are likely to be impaired whether sedimenta.
tion gccurs or not (although gravel breeding species
can be expected 1o show greater impawment if
sedimentation occurs). Part of the diagnostic
process is derived from an understanding of or.
ganism sensilivities to different kinds of impacts and
their habitat requirements. Wher habitat is good but
water quality is poor, aguatic community com-
ponents sensitive o toxicity will be impaired. How-
ever, if both habitat and water quality degrads, the
resident community is likely 1o be composed of
tolerant and opportunistic species.

When an impaired use cannot be easily reiated
to an obvious cause, the diagnostic process be-
comas investigative and iterative. The iterative diag-
nostic process as shown in Figure 8 may require
additional time and resources 10 verify causs and
source. initially, potential sources of impact are
identified and mapped to determing location relative
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mOre ‘ran cre cemedial plan

Chapier I: Hypothesis Testing

10 the area suffering from biclogical impairment. An
analysis of the physical, chemical, and biolcgical
characteristics of the study area will help identity the
most likely sources and detarmine which data will
te rnost valuable. Hypotheses that dislinguish be-
tween possible causes ol impairment should be
generated. Study design and appropriate data col-
lection procedures need 10 be developed to test the
hypotheses. The severity of the impairment, the dil-
ficulty of diagnosis, and the costs involved will
determine how many iterative loops will be com-
pleted in the diagnostic process.

Normally, diagnoses of biological impairment
are relatively straightforward. States may use
biological criteria as a methad to confirm impairment
from a known source of impact. However, the diag-
nostic process providaes an effective way tc idertly
unknown impacts and diagnose their cause so that
corrective action can be devised and implemented
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I prendix A

- Common Questions and
Their Answers

Q. How will implementing biclogical criteria
benefit State watar quality programs?

A, State watar quality programs will benefit from
biological criteria becausae they:

a) directly assess impairments in ambient
biota from adverse impacts an tha
environment;

b) are defensible and quaniifiatle;

¢) document improvements in water quality
reautting from agency action;

d) reduce the likelihood of false positives (i.e.,
a conclusion that attainment is achieved
whaen it is not),

e) provide information on the integrity of
biological systems that is compelling to the
public,

Q. How will biological criteria be used in a |
permit program?

~ A, When permits are renewed, records from
chamical anslyses and biclogical assessments are
used 10 determine Hf the permit has effectively
prevented degradsation and led to improvement. The
purpose for this evaluation is 10 determing whether
applicable water quality standards were achieved
under the expiring permit and (0 decide if changes
ars nsaded, Biologkesd surveys and criteria are par-
ticularly effective for determining the quality of
waters subject 10 permitted discharges. Since

writers can make informed decisions on whather to
maintain or rastrict parmit limits.

Q. What expertise and statf will be needed !o
implement a biological criteria program?

A, Staff with sound knowledge of Sizate aguatic

 biology and scientific protocol are needed 1o coar-

biosurveys provide ongoing inteQrative svaluations

of the biological integrity of resident biots, permit

dinate a biclogical criteria program. Actual field
monitoring Coutd be accomplishad by summer-hire
biclogisis led by permanant statf aquatic biofogists
Most States employ aquatic biologists for monitor-
ing trends or issuing site-specific permits.

Q. which management parsonns! shoufd te
involved in & biologically-based approach?

A. Management personnel from each arsa
within the standards and moniloring programs
should be invoived in this approach, including per-
mit engineers, resource managers, and figld per-
sonngt.

Q. How much will this approach cost?

A. The cost of developing biological criteria is a
State-specific question depending upon many var-
ables. However, States that have implemented a
biological criteria program have found it to be cost
sfiective (8.9.. Ohiv). Biological eriteria provide an
integrative assessment over time. Biota reflect myl.
tiple impacts. Testing for impalrmaent of resident
aquatic communities can actually require less
monitoring than would be required to detect many
impacts using more traditional methods (e.q.
chemical testing for episadic events).
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Q. What are some concerns of dischargers?

A. Oischargers are concemed that biciogical
criteria will identify impainments that may be &-
raneously attributed to a discharger who is not
responsible, This is a legitimata concern that the
discharger and State must address with carelul
svaluations and dlagnosis of cause of impairment,
However, it is particularly important to ensure that
waters used for the referance condition are not al-
ready impaired as may occur when conducting
site-specific upsiream-downstream evaluations. Al
though a discharger may be contributing to surface
water degradation, it may be hasd to detect using
biosurvey maetheds if the waterbody is also impaired
from other sources. This can be evaiuated Dy test-
ing the possible toxicity ot effluent-free reférence
waters on sensitive organisms.

Olschargers are also concernad that curent
permil limits may become more stringent if it is
determined that meeling chemical and whole-si-
fluent permit limits are not sufficient t0 protect
aquatic lite from discharger activities. Alternative
farms of reguiation may be needed; these are not
necessanly financially burdensome but could in-
volve additional expense.

Burdensome monitoring requirements are addi-
tional concerns. With new rapid bloassessment
protocols available for streams. and under develop-
mant for other surface waters, monitoring resident
biota is becoming mora straightforward. Since resi-
dent biota provide an integrative measure of en-
vironmental impacts over time, the need for
continual biomonitoring is actualy iower than
chemical analyses and genecslly less expensive.
Guidance is being developed to establish accept-
able ressarch protocols, quality assuranca/quality
control programs and training opportunities to en-
sure that adequate guidance is available.

Q. What are the concems of
environmentalists?

A. Environmantalists are concemad that biclogi-
cal criteria could be used (o alier restrictions on dis-
chargers if bicsurvey data indicate attainment of a
designated use weven though chemical criteria
and/or whole-eMuent toxicity evaluations predict im-
pairment. Evidence suggests that this occurs indre-
quently (e.g., in Ohio, 6 percent of 431 sites
evaluated using c¢hemical-specific criteria and
biosurveys resulted in this disagreement). In those

cases whare evidence suggests more than one con-
clusion, independent application appiies. f bioiog:-
cal criteria suggest impairment but chemical-
specific and/or whole-effiuent toxicity implies attain-
ment of the use, the cause for impairment of the
biata is to be evaluated and, whers aporopriate,
reguiated. If whole effluent and/or chemical-specific
criteria imply impairment but no impairment is found
in resident biota, the whole-effluent and/or chemi-
cal-specific criteria provide the basis for regulation.

Q. Do biclogical criteria have o be codified
in State regulations?

A. State water quality standards require lhree
components: (1) designated uses, (2) protective
criteria, and (3) an antidegradation clause. For
criteria to be enforceable they must be codified in
regulaticns. Codification could involve general nar-
rative statements of hiological criteria, numerc
criteng, and/or critaria accompaniad by specific test-
ing procedures. Codifying general narratives
provides the most fAsxibility-—specific methods for
data collection the least flexibility-—for incorporating
new data and improving data gathering methods as
the biological criteria program deveiops. States
shoutd carefully consider how 10 codily these
criterin.

Q. How will biocriteria fit ir;ro the agency's
method of implementing standards?

A. Resident bicta integrate multiple impacts
over time and can delect impairment from known
and unknown causes. Biocritefia can be used 1o
varily improvement in water Quality in reaponss to
regulatory efforts and detect continuing degradation
of waters. They provide a framework for devekoping
improved best managemaent practices for nonpeint
source impacts. Numaeric criteria can provide etfec-
tive monitoring criteria for inclusion in permits.

Q. Who determines the values for biological
criteria and dacides whether a wambody maaels
the criteria?

The process of deveioping biological criteria, in-
¢luding refined use classes, narrative criteria, and
numeric criteriz, must include agency managers,
staff biologista, and the public through public hear-
ings and comment. Once criteria are established,
determining attainment\nonattainment of a use re-
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quires biclogical and statistical svaluation based on
satablished protocols. Changes in the criteria would
require the same steps as the initial ¢riteria: techni-
cal modifications by biologists, goat clarification by
agency managers, and public nearings. The key 10
criteria devalopment and revision is a clear state-
ment of measurable objectives.

Q. What additional information is available
on daveloping and using biclogical criteria?

A. This program guidance documsent will be
suppiemented by the document Biologrcal Criteria
Developmant by States that includes case histories
of State implemantation of biclogical criteria as nar-
rativas, numarics, and some data procedures. The
purpose for tha document is to expand on material
presented in Part |, The document wilt be available
in Cctober 1990,

A general Biglogical Critaria Technical Refer-
ence Guide will alsqo be available for distribution
during FY 1991. This document outlines basic ap-
proaches for devsloping biclogical criteria in all sur-
face walors (streams, rivers, iakes, wetlands,
astuaries). The primary focus of the document is 10
provide a reference guide to scientific literature that
describes approaches and methods used (o deter.
mine biological integrity of specific surface water
types.

Over the nex1 triennium more detailed guidance
will be produced that focuses on each surface water
type (0.0.. technical guidance for streams will be
produced during FY 81). Comparisons of differant
biosurvey approaches will be included for accuracy,
efficacy, end cost effectivenass,

Apperciix A: Common Quastione and Their Answers
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[ George Nichol -Re: Dental =~~~ T o , Page 1

From: George Nichol
To: Rogers, Kat
Date: 1/24/03 3:20PM
Subject: Re: Dental

Should [ first try and see if Darlene has a contact at DPA who writes the contract to Delta? About a year
ago | did talk to a Delta person, and he said | would have to talk to someone, when the time came, that he
called the "Detailer”, or something like that, who wrote the dental contract from DPA to Delta Dental. But |
didn't want to short-circuit the system and wanted to go to you, then Darlene, then the "Detailer” at DPA.

>>> Kat Rogers 01/24/03 02:27PM >>>
yep, it is between you and Delta at this point. Sorry. Good luck.

<<< George Nicho! 1/24 1:42p >>>

Well, | guess it is time to start my next phase of my dental claim saga. As you recail | was allowed to
back-pay my premiums to December 1299 after it was determined that | should have been allowed to join
at that time. 1 did get paid for a percentage of my wife's root canal done early in 2002. However, for a
bigger claim made for 2000 and 2001, the 2000 claim was not acknowledged by Delta, and the 2001 claim
was refused. What is the next step 1 should take to Delta Dental to try to get paid? | did tell them in a letter
with my original claim that | was allowed by my agency to pay the back-premiums because it was
determined in 2002 that | should have been allowed to join Delta Dental in 1999,
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Derivation of the 1985
Aguatic Life Critera

The foliowing is » summaery of the Guidelines for Derivaion of Criteria for Aquatic Life. The complete text is found in ~Guidelines for
Deriving Nurnerical National Wader Quality Criteria for the Protection of Aquatic Organiams and Their Uses,” available from National
Techmical laformation Service - PBRS-227049. :

Derivation of numerical national water quality criteria for the protection of aquatic organisms and
their uses is a complex process that uses information from many areas of aquatic toxicology. Whena
national criterion is needed for a particular material, all available information concerning toxicity to
and bioaccumulation by aquatic organisms is collected, reviewed for acceptability, and sorted. If
enough acceptable data on acute toxicity to aquatic animals are available, they are used to estimate
the highest one-hour average concentration that should not result in unacceptabie effects on aquatic
organisms and their uses. If justified, this concentration is made a function of water quality
characteristics such as pH, salinity, or hardness. Similarly, data on the chronic toxicity of the
material to aquatic animals are used to estimate the highest four-day average concentration that
should not cause unacceptable toxicity during a long-term exposure. If appropriate, this
concentration is also related tc a water quality characteristic.

Data on toxicity to aquatic plants are examined to determine whether plants are likely to be -
unacceptably affected by concentrations that should not cause unacceptable effects on animals.
Data on bicaccumulation by aquatic organisms are used to determine if residues might subject
edible species to restrictions by the U.S. Food and Drug Administration {FDA), or if such residues
might harm wildlife that consumes aquatic life. All other available data are examined for adverse
effects that might be biologically important. .

If a thorough review of the pertinent information indicates that enough acceptable data exists,
numerical national water quality criteria are derived for fresh water or salt water or both to protect
aquatic organisms and their uses from unacceptable effects due to exposures to high concentrations
for short periods of time, lower concentrations for longer periods of time, and combinations of the
two.

I. Definition of Material of Concern

A. Each separate chemical that does not ionize substantially in most natural bodies of water
should usually be considered a separate material, except possibly for structurally similar
organic compounds that exist only in large quantities as commercial mixtures of the
various compounds and apparently have similar biological, chemical, physical, and toxi-
cological properties.

B. For chemicals that do ionize substantially in most natural waterbodies (e.g., some phenols
and organic acids, some salts of phenols and organic acids, and most inorganic salts and
coordination complexes of metals), all forms in chemical equilibrium should usually be
considered one material. Each different oxidation state of a metal and each different
non-ionizable covalently bonded organometallic compound should usually be
considered a separate material.

C. The definition of the material should include an operational analytical component.

Identification of a material simply, for example, as “sodium” obviously implies “total
sodium” but leaves room for doubt. If “total” is meant, it should be explicitly stated. Even
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“total” has different operational definitions, some of which do not necessarily measure
~all that is there” in all sample. Thus, it is also necessary to reference or describe one
analyticai method that is intended. The operational analytical component should take into
account the analytical and environmental chemistry of the material, the desirability of
using the same analytical method on samples from laboratory tests, ambient water and
aqueous effluents, and various practical considerations such as labor and equipment
requirements and whether the method would require measurement in the field or would
allow measurement after samples are transported to a laboratory.

The primary requirements of the operational analytical component are that it be
appropriate for use on samples of receiving water, compatible with the available toxicity
and bioaccumulation data without making overly hypothetical extrapolations, and rarely
result in underprotection or overprotection of aquatic organisms and their uses. Because
an ideal analytical measurement will rarely be available, a compromise measurement will
usually be used. This compromise measurement must fit with the general approach: if an
ambient concentration is lower than the national criterion, unacceptable effects will
probably not occur (i.e, the compromise measurement must not err on the side of
underprotection when measurements are made on a surface water). Because the chemical
and physical properties of an effluent are usually quite different from those of the
receiving water, an analytical method acceptable for analyzing an effluent might not be
appropriate for analyzing a receiving water, and vice versa. If the ambient concentration
calculated from a measured concentration in an effluent is higher than the national
criterion, an additional option is to measure the concentration after dilution of the effluent
with receiving water to determine if the measured concentration is lowered by such
phenomena as complexation or sorption. A further option, of course, is to derive a
site.specific criterion (1,2,3). Thus, the criterion should be based on an appropriate
analytical measurement, but the criterion is not rendered useless if an ideal measurement
either is not available or is not feasible.

The analytical chemistry of the material might need te be considered when defining
the material or when judging the acceptability of some toxicity tests, but a criterion should
not be based on the sensitivity of an analytical method. When aquatic organisms are more
sensitive than routine analytical methods, the proper solution is to develop better
analytical methods, not to underprotect aquatic life. . ‘ '

Collection of Data

A. Collect all available data on the material concerning toxicity to, and bioaccumnulation by,
aquatic animals and plants; FDA action levels {(compliance Policy Guide, U.S. Food &
Drug Admin. 1981) and chronic feeding studies and long-term field studies with wildlife
species that regularly consume aquatic organisms.

B. All data that are used should be available in typed, dated, and signed hard copy
(publication, manuscript, letter, memorandum) with enough supporting information to
indicate that acceptable test procedures were used and that the results are probably
reliable. In some cases, additional written information from the investigator may be
needed. Information that is confidential, privileged, or otherwise not available for
distribution should not be used.

C. Questionable data, whether published or unpublished, should not be used. Examples
would be data from tests that did not contain a control treatment, tests in which too many
organisms in the control treatment died or showed signs of stress or disease, and tests in
which distilled or deionized water was used as the dilution water without addition of
appropriate salts.

D. Data on technical grade materials may be used, if appropriate; but data on formulated
mixtures and emulsifiable concentrates of the material may not be used.
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E. For some hzghly volatile, hydrolyzable, or degradable materials, only use data from
flow-through tests in which the concentrations of test material were measured often
enough with acceptable analytical methods.

F. Datashould be rejected if obtained by using:

* Brine shrimp — because they usually occur naturally only in water with salinity
greater than 35g/ kg

*+ Species that do not have reproducing wild populations in North America; or
+ Organisms that were previously exposed to substantial concentrations of the test
material or other contaminants.

G. Questionable data, data on formulated mixtures and emulsifiable concentrates, and data
obtained with nonresident species or previously exposed organisms may be used to
provide auxiliary information but should not be used in the derivation of criteria.

III. Required Data

A. Certain data should be available to help ensure that each of the four major kinds of
possible adverse effects receives adequate consideration: results of acute and chronic
toxicity tests with representative species of aquatic animals are necessary to indicate the
sensitivities of appropriate untested species. However, since procedures for conducting
tests with aquatic plants and interpreting the results are not as well developed, fewer data
concerning toxicity are required. Finally, data concerning bicaccumulation by aquatic
organisms are required only with relevant information on the significance of residues in

aquatic organisms.

B. Toderive a criterion for freshwater aquatic organisms and their uses, the foliowing should
be available:

1. Results of acceptable acute tests (see section IV) with at least one species of freshwater
animal in at least eight different families including all of the following:

¢ The family Salmonidae in the class Osteichthyes.

+ Asecond family in the class Osteichthyes, preferably a commerdially or
recreationally important warmwater species, such as bluegill or channel catfish.

* Athird family in the phylum Chordata (may be in the class Osteichthyes or may
be an amphibian, etc.).

* A planktonic crustacean such as a cladoceran or copepod.
* Abenthic crustacean (ostracod, isopod, amphipod, crayfish, etc.).
* Aninsect (mayfly, dragonfly, damselfly, stonefly, caddisfly, mosquito, midge, etc.).

* Afamily in a phylum other than Arthropoda or Chordata, such as Rotifera,
Annelida, Mollusca.

« Afamily in any order of insect or any phylum not almady represented,

2, Acutechronic ratios (see section VI} with species of aquatic animals in at least three
different families, provided that:

» Atleast oneis afish;
¢ At least oneis an invertebrate; and

+ Atleastoneisan acutely sensitive freshwater species (the other twomaybe
saltwater species),

3. Results of at least one acceptable test with a freshwater alga or vascular plant (see
section VIII). If the plants are among the aquatic organisms that are most sensitive to
the material, test data on a plant in another phylum (division) should also be available.
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4. At least one acceptable bioconcentration factor determined with an appropriate
freshwater species, if a maximum permissible tissue concentration is available (see
section [X).

C. To derive a criterion for saltwater aquatic organisms and their uses, the following should
be available:

1. Results of acceptable acute tests (see section [V) with at least one species of saltwater
animal in at least eight different families, including all of the following:

» Two families in the phylum Chordata;
+ A family in a phylum other than Arthropoda or Chordata;
» Either the Mysidae or Penaeidae family;

* Three other families not in the phylum Chordata (may include Mysidae or
Penaeidae, whichever was not used previously); and

* Any other family.

2. Acutechronic ratios (see section VI) with species of aquatic animals in at least three
different families, provided that of the three species:

» Atleastoneisafish;
= At least one is an invertebrate; and

* Atieast one is an acutely sensitive saltwater si:edes (the other may be an acutely
sensitive freshwater spedies).

3. Results of at least one acceptable test with a saltwater alga or vascular plant (see
section VIII). If plants are among the aquatic organisms most sensitive to the material,
results of a test with a plant in another phylum (division) should also be available.

4. At Jeast one acceptable bioconcentration factor determined with an appropriate
saltwater species, if a maximum permissible tissue concentration is available (see
section IX).

D. If all required data are available, a numerical criterion can usually be derived, except in
special cases. For example, derivation of 2 criterion might not be possible if the available
acute-chronic ratios vary by more than a factor of 10 with no apparent pattern. Also, if a
criterion is to be related to a water quality characteristic T (see sections V and VII), more
data will be necessary.

Similarly, if all required data are not available, a numerical criterion should not be
derived except in special cases. For example, even if not enough acute and chronic data are
available, it might be possible to derive a criterion if the available data clearly indicate that
the Final Residue Value should be much lower than either the Final Chronic Value or the
Final Plant Value.

E. Confidence in a criterion usually increases as the amount of available pertinent data
increases. Thus, additional data are usually desirable.

IV. Final Acute Value

A. Appropriate measures of the acute (short-term) toxicity of the material to a variety of
species of aquatic animals are used to calculate the Final Acute Value. The Final Acute
Value is an estimate of the concentration of the material, corresponding to a cumulative
probability of 0.05 in the acute toxicity values for genera used in acceptable acute tests
conducted on the material. However, in some cases, if the Species Mean Acute Value of a
commercially or recreationally important species is lower than the calculated Final Acute
Value, then that Species Mean Acute Value replaces the calculated Final Acute Value to
protect that important species.
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. Acute toxicity tests should have been conducted using acceptable procedu.ru (ASTM
Standards E 729 and 724).

. Except for tests with saltwater annelids and mysids, do not use results of acute tests
during which test organisms were fed, unless data indicate that the food did not affect the
toxicity of the test material.

. Results of acute tests conducted in unusual dilution water {dilution water in which total
organic carbon or particulate matter exceeded 5 mg/L) should not be used unless a
relationship is developed between acute toxicity and organic carbon or particulate matter
or unless data show that the organic carbon or particulate matter does not affect toxicity.

. Acute values should be based on endpoints that reflect the total severe acute adverse
impact of the test material on the organisms used in the test. Therefore, only the following
kinds of data on acute toxicity to aquatic animals should be used: '

1. Tests with daphnids and other cladocerans should be started with organisms less than
24-hours old, and tests with midges should be stressed with second- or third-instar
larvae. The result should be the 48-hour ECy based on percentage of organisms
immobilized plus percentage of organisms killed. If such an ECgy is not available from
ateat, the 48-hour LCsg should be used in place of the desired 48-hour ECxy. ARECsgor
LCsg of longer than 48 hours can be used as long as the animals were not fed and the
control animals were acceptable at the end of the test.

2. The result of a test with embryos and larvae of barnacles, bivalve molluscs (clams,
mussels, oysters, and scallops), sea urchins, lobsters, crabs, shrimp, and abalones
should be the 96-hour ECy based on the percentage of organisms with incompletely

. developed shells plus the percentage of organisms killed. If such an ECsq is not
available from a test, the lower of the 96-hour ECsg, based on the percentage of
organisms with incompletely developed shells and the 96-hour LCgy should be used
in place of the desired 96-hour ECso. If the duration of the test was between 48 and 9%
hours, the ECgg0r LCsg at the end of the test should be used,

3. The acute values from tests with all other freshwater and saltwater animal species and
older life stages of bamnacles, bivalve molluscs, sea urchins, lobsters, crabs, shrimps,
and abalones should be the 96-hour ECs based on the percentage of organisms
exhibiting loss of equilibrium, plus the percentage of organisms immobilized, plus the
percentage of organisms killed. If such an ECyy is not available from a test, the 96-hour
LCsoshould be used in place of the desired 96-hour ECso.

4. Tests with single-celled organisms are not considered acute tests, even if the duration
was 96 hours or less.

5. If the tests were conducted properly, acute values reported as "greater than” values

© and those above the solubility of the test material should be used because rejection of

such acute values would unnecessarily lower the Final Acute Value by eliminating
acute values for resistant species.

. If the acute toxicity of the material to aquatic animals apparently has been shown to be

related to a water quality characteristic such as hardness or particulate matter for
freshwater animals or salinity or particulate matter for saltwater animals, a Final Acute
Equation should be derived based on that water quality characteristic. {(Go to section V)

. If the available data indicate that one or more life stages are at least a factor of 2 more resistant
than one or more other life stages of the same species, the data for the more resistant life stages
should not be used in the calculation of the Species Mean Acute Value because a species can be
considered protected from acute toxicity only if all life stages are protected.

. The agreement of the data within and between species should be considered. Acute values
that appear to be questionable in comparison with other acute and chronic data for the
same species and for other species in the same genus probably should not be used in
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calculation of a Species Mean Acute Value. For example, if the acute values available for a
species or genus differ by more than a factor of 10, some or all of the values probably
should not be used in calculations.

For each species for which at least one acute value is available, the Species Mean Acute
Value should be calculated as the geometric mean of the results of all flow-through tests in
which the concentrations of test material were measured. For a species for which no such
result is available, the Species Mean Acute Value should be caiculated as the geometric
mean of all available acute values — i.e, results of flow-through tests in which the
concentrations were not measured and results of static and renewal tests based on initial
concentrations of test material. (Nominal concentrations are acceptable for most test
materials if measured concentrations are not available.)

NOTE: Data reported by original investigators should not be rounded off. Results of all
intermediate caiculations should be rounded to four significant digits.

NOTE: The geometric mean of N numbers is the N*" root of the product of the N numbers.
Alternatively, the geometric mean can be calculated by adding the logarithms of the N
numbers, dividing the sum by N, and taking the antilog of the quotient. The geometric mean
of two numbers is the square root of the product of the two numbers, and the geometric mean
of one number s that number. Either natural (base 0) or common (base 10) logarithms can be
used to calculate geometric means as long as they are used consistently within each set of data
(i.¢., the antilog used must match the logarithm used).

NOTE: Geometric means rather than arithmetic means are used here because the distributions
of individual organisms’ sensitivities in toxicity tests on most materials, and the distributions
of species’ sensitivities within a genus, aze more likely to be lognormal than normal. Similarly,
geometric means are used for acutechronic ratios and bioconcentration factors because
quotients are likely to be closer to lognormal than normal distributions. In addition, division
of the geometric mean of a set of numerators by the geometric mean of the set of
corresponding denominators will result in the geometric mean of the set of corresponding -
quotients.

The Genus Mean Acute Value should be calculated as the geonietric mean of the Species
Mean Acute Values available for each genus.

. Order the Genus Mean Acute Value from high to low.

. Assign ranks, R, to the Genus Mean Acute Value from “1” for the lowest to *N” for the
highest. If two or more Genus Mean Acute Values are jdentical, arbitrarily assign them
successive ranks.

. Calculate the cumulative probability, P, for each Genus Mean Acute Value as R/ (N+1).

. Select the four Genus Mean Acute Values that have cumulative probabilities closest to
0.05. (If there are less than 59 Genus Mean Acute Values, these will always be the four
lowest Genus Mean Acute Values).

. Using the selected Genus Mean Acute Values and Ps, calculate:

52 . Z((In GMAVP) - (B(1n CMAVYY4)
(P} - (X(VPA)

L = E(In GMAV) = SE(VP)))/ 4

A=S5(005) + L

FAV=e?

(See original document, referenced at beginning of this appendix, for development of the
calculation procedure and Appendix 2 for example calculation and computer program.)

NOTE: Natural logarithms (logarithms to base ¢, denoted as In) are used herein merely
beczuse they are easier to use on some hand calculators and computers than common (base 10)
logarithma. Consistent use of either will produce the same result.
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P. If for a commercially or recreationally important species the geometric mean of the acute
values from flow-through tests in which the concentrations of test material were
measured is Jower than the calculated Final Acute Value, then that geometric mean should
be used as the Final Acute Value instead of the calculated Final Acute Value. °

Q. Gotosection VI,

Final Acute Equation

A. Whenenough data are available to show that acute toxicity to two or more species is similarly
related to a water quality characteristic, the relationship should be taken into account as
described in section IV, steps B through G, or using analysis of covariance. The two methods
are equivalent and produce identical results. The manual method described below provides
an understanding of this application of covariance analysis, but computerized versions of
covariarce analysis are much more convenient for analyzing large data tests. If two or more
factors affect toxicity, multiple regression analysis should be used.

B. For each species for which comparable acute toxicity values are available at two or more
different values of the water quality characteristic, perform a least squares regression of
the acute toxicity values on the corresponding values of the water quality characteristic to
obtain the slope and its 95 percent confidence limits for each species.

NOTE: Because the best documented relationship fitting these data is that between hardness
and acute toxicity of metals in freshwater and a log-log relationship, geometric means and
natural logarithms of both toxicity and water quality are used in the rest of this section. For
relationships based on other water quality characteristics such s pH. temperature, or salinity,
no transformation or a different transformation might fit the data better, and appropriate

changes will be necessary.

C. Decide whether the data for each species are useful, taking into account the range and
number of the tested values of the water quality characteristic and the degree of
agreement within and between species. For example, a slope based on six data points
might be of limited value if based only on data for a very narrow range of water quality
characteristic values. A slope based on only two data points, however, might be useful if
consistent with other information and if the two points cover a broad enough range of the
water quality characteristic.

In addition, acute values that appear to be questionable in comparison with other
acute and chronic data available for the same species and for other species in the same
genus probably should not be used. For example, if after adjustment for the water quality
characteristic the acute values available for a species or genus differ by more than a factor
of 10, probably some or all of the values should be rejected. If useful slopes are not
available for at least one fish and one invertebrate, or if the available slopes are too
dissimilar, or if too few data are available to adequately define the relationship between
acute toxicity and the water quality characteristic, return to section IV.G, using the results
of tests conducted under conditions and in waters similar to those commonly used for
toxicity tests with the species. ' :

D. Individually for each species, calculate the geometric mean of the available acute values
and then divide each of these acute values by the mean for the species. This normalizes the
values so that the geometric mean of the normalized values for each species, individually,
and for any combination of species is 1.0,

E. Similarly normalize the values of the water quality characteristic for each species,
individually,

F. Individually for each species, perform a least squares regression of the normalized acute

toxicity values on the corresponding normalized values of the water quality characteristic.
The resulting slopes and 95 percent confidence limits will be identical to those obtained in
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step B. However, now, if the data are actually plotted, the line of best fit for each individual
species will go through the point 1,1 in the center of the graph.

G. Treat normalized data as if they were all for the same species and perform a least squares
regression of all the normalized acute values on the corresponding normalized values of
the water quality characteristic to obtain the pooled acute slope, V, and its 95 percent
confidence limits. If all the normalized data are actually plotted, the line of best fit will go
through the point 1,1 in the center of the graph.

H. For each species, calculate the geometric mean, W, of the acute toxicity values and the '
geometric mean, X, of the values of the water quality characteristic, (These were calculated
instepsDandE.)

I.  For each species, calcuiate the logarithm, Y, of the Species Mean Acute Value at a selected
value, Z, of the water quality characteristic using the equation:
YainW-V(@nX-InZ).

]. For each species, calculate the SMAV at Z using the equation:
SMAV = ¢”, '

NOTE: Alternatively, the Species Mean Acute Values at Z can be obtained by skipping step H
using the equations in steps [ and | to adjust each acute value individually to Z, and then
calculating the geometric mean of the adjusted values for each species individually.

This alternative procedure allows an examination of the range of the adjusted acute
values for each species.

K. Obtain the Final Acute Value at Z by using the procedure described in section [V, steps ]
‘through O,

L. IftheSpecies Mean Acute Value at Z of a commerdially or recreationally important species
is lower than the calculated Final Acute Value at Z, then that Species Mean Acute Value
should be used as the Final Acute Value at Z instead of the calculated Fina} Acute Value.

M. The Final Acute Equation is written as:
Final Acute Value = e(V[In{wmr quality characteristic)] + In A - V[In Z])
where
V = pooled acute slope

A = Final Acute Valueat Z.

Because V, A, and Z are known, the Final Acute Value can be calculated for any
selected value of the water quality characteristic.

. Final Chronic Value

A. Depending on the data that are available concerning chronic toxicity to aquatic animals,
the Final Chronic Value might be calculated in the same manner as the Final Acute Value
or by dividing the Final Acute Value by the Final Acute-Chronic Ratio. In some cases, it
may not be possible to calculate a Final Chronic Value.

NOTE: As the name implies, the Acute-Chronic Ratio is a way of relating acute and chronic
toxicities. The Acute-Chronic Ratio is basically the inverse of the application factor, but this
new name is better because it is more descriptive and should help prevent confusion between
“application factors” and “safety factors.” Acute-Chronic Ratios and application factors are
ways of relating the acute and chronic toxicities of a material to aquatic organisms. Safety
factors are used to provide an extra margin of safety beyond the known or estimated
sensitivities of aquatic organisms. Another advantage of the Acute-Chronic Ratio is that it will
usually be greater than 1; this should avoid the confusion as to whether a large application
factor is one that is close to unity or one that has a denominator that Is much greater than the
numerator. :
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. Chronic values should be based on results of flow- through chronic tests in which the
concentrations of test material in the test solutions were properly measured at appropriate
times during the test. (Exception: renewal, which is acceptable for daphnids.).

. Results of chronic tests in which survival, growth, or reproduction in the control treatment
was unacceptably low should not be uséd. The limits of acceptability will depend on the

species,

. Results of chronic tests conducted in unusual dilution water (dilution water in which total
organic carbon or particulate matter exceeded 5 mg/L) should not be used, unless a
relationship is developed between chronic toxicity and organic carbon or particulate
matter, or unless data show that organic carbon, particulate matter (and so forth) do not
affect toxicity.

. Chronic values should be based on endpoints and lengths of exposure appropriate to the
species. Therefore, only results of the following kinds of chronic toxicity tests should be
used: ‘

1. Life-<cycle toxicity tests consisting of exposures of each of two or more groups of
individuals of a species to a different concentration of the test material throughout a
life cycle. To ensure that all life stages and life processes are exposed, tests with fish
should begin with embryos or newly hatched young less than 48-hours old, continue
through maturaticn and reproduction, and end not less than 24 days (90 days for
salmonids) after the hatching of the next generation. Tests with daphnids should
begin with young less than 24-hours old and last for not less than 21 days, Tests with
mysids should begin with young less than 24-hours old and continue until seven days
past the median time of first brood release in the controls.

For fish, data should be cbtained and analyzed on survival and growth of adults
and young, maturation of males and females, eggs spawned per female, embryo
viability (salmonids only), and hatchability. For daphnids, data should be obtained
and analyzed on survival and young per female. For mysids, data should be
obtained and analyzed on survival, growth, and young per female.

2. Partial life-cycle toxicity tests consisting of exposures of each of two or more groups of
individuals in a fish species to a concentration of the test material through most
portions of a life cycle. Partial lifecycle tests are allowed with fish species that require
more than a year to reach sexual maturity so that all major life stages can be exposed to
the test material in less than 15 months.

Exposure to the test material should begin with immature juveniles at least two
months prior to active gonad development, continue through maturationand -
reproduction, and end not less than 24 days (90 days for salmonids) after the
hatching of the next generation. Data should be obtained and analyzed on survival
and growth of adults and young, maturation of males and females, eggs spawned
per female, embryo viability (salmonids only), and hatchability.

3. Early life stage toxicity tests consisting of 28- to 32-day (60 days post hatch for
salmonids) exposures of the early life stages of a.fish species from shortly after
fertilization through embryonic, larval, and early juvenile development. Data should
be obtained and analyzed on survival and growth.

NOTE: Results of an early life stage test are used as predictions of results of life-<cycle and
partial life-cycle tests with the same species. Therefore, when results of a total or partial
life<cycle test are available, results of an early life stage test with the same species should
not be used. Also, results of early life stage tests in which the Incidence of mortalities or
abnormalities increased substantially near the end should not be used because these
resulls are possibly not good predictions of the results of comparable total or partial life
cycte or partial life cycle tests. ' _
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A chronic value can be obtained by calculating the geometric mean of the lower and upper
chronic limits from a chronic test or by analyzing chronic data using regression analysis. A
lower chronic limit is the highest tested concenitration in an acceptable chronic test that did
not cause an unacceptable amount of adverse effect on any of the specified biological -
measurements and below which no tested concentration caused an unacceptable effect. An
upper chronic limit is the lowest tested concentration in an acceptable chronic test that did
cause an unacceptable amount of adverse effect on one or more of the specified biological
measurements and above which all tested concentrations also caused such an effect,

NOTE: Because various authors have used a variety of terms and definitions to interpret and
n'ron results of chronic tests, reported results showld be reviewed carefully. The amount of
effect that is considered unacceptable is often based on a statistical hypothesis test but might
also be defined in terma of a specified percent reduction from the controls. A small percent
reduction (e.g., 3 percent) might be considered acceptable even if it is statistically significantly
different from the control, whereas a large percent reduction (e.g., 30 percent) might be
considered unacceptable even if it is not statistically significant.

. If the chronic toxicity of the material to aquatic animals apparently has been shown to be
related to a water quality characteristic such as hardness or particulate matter for
freshwater animals or salinity or particulate matter for saltwater animals, a Final Chronic
Equation should be derived based on that water quality characteristic. Go to section VIL

. If chronic values are available for species in eight families as described in sections ILB.1 or
IN.C.1, a Species Mean Chronic Value should also be calculated for each species for which
at least one chronic value is available by calculating the geometric mean of all chronic
values available for the species; appropriate Genus Mean Chronic Values should also be
calculated. The Final Chronic Value should then be obtained using the procedure
described in section I, steps | through O. Then go to section VI.M.

For each chronic value for which at least one corresponding appropriate acute value is
available, calculate an acute-chronic ratio using for the numerator the geometric mean of
the results of all acceptable flow-through acute tests in the same dilution water and in
which the concentrations were measured. (Exception: static is acceptable for daphnids.)

For fish, the acute test(s) should have been conducted with juveniles and should have
been part of the same study as the chronic test. If acute tests were not conducted as part of
the same study, acute tests conducted in the same laboratory and dilution water but in a
different study may be used. If no such acute tests are available, results of acute tests
conducted in the same dilution water in a different laboratory may be used. If no such
acute tests are available, an acute-chronic ratio shou!d not be calculated.

For each spedies, calculate the species mean acutechronic ratio as the geometric mean of
all acute-chronic ratios available for that species.

For some materials, the acute<chronic ratio seems to be the same for all species, but for
other materials, the ratio seems to increase or decrease as the Species Mean Acute Value
increases. Thus the Final Acute-Chronic Ratio can be obtained in four ways, dependingon
the data available:

1. If the Species Mean Acute-Chronic ratio seems to increase or decrease as the Species
Mean Acute Value increases, the Final Acute-Chronic Ratio should be calculated as the
geometric mean of the acute-chronic ratios for species whose Species Mean Acute
Values are close to the Final Acute Value.

2. [f no major trend is apparent, and the acute-chronic ratios for a number of species are
within a factor of 10, the Final Acute-Chronic Ratio should be calculated as the
geometric mean of all the Species Mean Acute-Chronic Ratios available for both
freshwater and saltwater species.

3. For acute tests conducted on metals and possibly other substances with embryos and
larvae of bamacles, bivalve molluscs, sea urchins, lobsters, crabs, shrimp, and
abalones (see section IVE2), it is probably appropriate to assume that the
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acute~chronic ratio is 2. Chronic tests are very difficult to conduct with most such
species, but the sensitivities of embryos and larvae would likely determine the results
of life cycle tests. Thus, if the lowest available Species Mean Acute Values were
determined with embryos and larvae of such species, the Final Acute-Chronic Ratio
should probably be assumed to be 2, so that the Final Chronic Value is equal to the
Criterion Maximum Concentration (see section X1.B)

4. If the most appropriate Species Mean Acute-Chronic Ratios are less than 2.0, and
especially if they are less than 1.0, acclimation has probably occurred during the
chronic test. Because continuous exposure and acclimation cannot be assured to
provide adequate protection in field situations, the Final Acute-Chronic Ratio should
be assumed to be 2, 30 that the Final Chronic Value is equal to the Criterion Maximum
Concentration (see section XI.B).

If the available Species Mean Acute-Chronic Ratios do not fit one of these cases, a
Final Acute-Chronic Ratio probably cannot be obtained, and a Final Chronic Value
probably cannot be calculated.

L. Calculate the Final Chronic Value by dividing the Final Acute Value by the Final
Acute-Chronic Ratio, If there was a Final Acute Equation rather than a Final Acute Value,
see also section VILA.

M. [f the Species Mean Chronic Value of a commerdcially or recreationally important species is
lower than the calculated Final Chronic Value, then that Species Mean Chronic Value
should be used as the Final Chronic Value instead of the calculated Final Chronic Value.

N. Go to section VI,

V1L Final Chronic Equation

A. A Final Chronic Equation can be derived in two ways. The procedure described here will
result in the chronic slope being the same as the acute slope. The procedure described in
steps B through N usually will result in the chronic slope being different from the acute

slope.

1. If acute-chronic ratios are available for enough species at enough values of the water
quality characteristic to indicate that the acute-chronic ratic is probably the same for
all species and is probably independent of the water quality characteristic, calculate
the Final Acute-Chronic Ratio as the geometric mean of the avaifable Spec:es Mean
Acute-Chronic Ratios.

2. Calculate the Final Chronic Value at the selected value Z of the water quality
characteristic by dividing the Final Acute Value at Z (see section V.M) by the Final
Acute-Chronic Ratio.

3. UseV = pooled acute slope (see section VM) as L = pooled chronic slope,
4. Gotosection VILM.

B. When enough data are available to show that chronic toxicity to at least one species is
related to a water quality characteristic, the relationship should be taken into account as
described in steps B through G or using analysis of covariance, The two methods are
equivalent and produce identical results. The manual method described in the-next
paragraph pmvldes an understanding of this application of covariance analysis, but
computerized versions of covariance analysis are much more convenient for analyzing
large data sets. If two or more factors affect tomcny, multiple regression analysxs should be
used,

C. For each species for which comparable chronic toxicity values are available at two or more
different values of the water quality characteristic, perform a least squares regression of
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the chronic toxicity values on the corresponding values of the water quality characteristic
to obtain the slope and its 95 percent confidence limits for each species.

NOTE: Because the best-documented relationship fitting these data is that between hardness
and acute toxicity of metals in fresh water and a log-log relationship, geometric means and
natural logarithms of both toxicity and water quality are used in the rest of this section. For
relationships based on other water quality characteristics such as pH, temperature, or salinity,
no transformation or a different transformation might fit the data better, and appropriate
changes will be necessary throughout this section. 1t is probably preferable, but not necessary,
to use the same transformation that was used with the acute values in section V. :

. Decide whether the data for each species are useful, taking into account the range and
number of the tested values of the water quality characteristic and the degree of
agreement within and between species. For example, a slope based on six data points
might be of limited value if founded only on data for a very narrow range of values of the
water quality characteristic. A slope based on only two data points, however, might be
useful if it is consistent with other information and if the two points cover a broad enough
range of the water quality characteristic. In addition, chronic values that appear to be
questionable in comparison with other acute and chronic data available for the same
species and for other species in the same genus probably should not be used. For example,
if after adjustment for the water quality characteristic the chronic values available for a
species or genus differ by more than a factor of 10, probably some or all of the values
should be rejected.

If a useful chronic slope is not available for at least one species, or if the available
slopes are too dissimilar, or if too few data are available to adequately define the
relationship between chronic toxicity and the water quality characteristic, the chronic
slope is probably the same as the acute slope, which is equivalent to assuming that the
acute-chronic ratio is independent of the water quality characteristic. Alternatively, return
to section VI.H, using the results of tests conducted under conditions and in waters similar
to those commonly used for taxicity tests with the species.

. Individually for each species, calculate the geometric mean of the available chronic values
and then divide each chronic value for a species by its mean. This normalizes the chronic
values so that the geometric mean of the normalized values for each species individually,
and for any combination of species, is 1.0.

Similarly normalize the values of the water quality characteristic for each species,
individually.

. Individually for each species, perform a least squares regression of the normahzed chronic
toxicity values on the cotresponding normalized values of the water quality characteristic.
The resulting slopes and the 95 percent confidence limits will be identical to those
obtained in section B. Now, however, if the data are actually plotted, the line of best fit for
each individual species will go through the point 1,1 in the center of the graph.

. Treat all the normalized data as if they were all for the same species and perform a least
squares regression of all the normalized chronic values on the corresponding normalized
values of the water quality characteristic to obtain the pooled chronic slope, L, and its 95
percent confidence limits. If all the normalized data are actually plotted, the line of best fit
will go through the point 1,1 in the center of the graph.

For each species, calculate the geometric mean, M, of the toxicity values and the geometric
mean, P, of the values of the water quality characteristic. (These were calculated in steps E
andF)

For each species, calculate the logarithm, Q, of the Species Mean Chronic Value at a
selected value, Z, of the water quality characteristic using the equation:

Q=InM-L(nP-in2).

NOTE: Although it is not necessary, it will usually be best to use the same value of the water
quality characteristic here as was used in section V.I.
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K. For eachspecies, calculate a Species Mean Chronic Value at Z using the equation:
SMCV = 2,

NOTE: Alternatively, the Species Mean Chronic Values at Z can be oblained by skipping step),
using the equations in steps ] and K to adjust each acute value individually to Z, and then
calculating the geometric means of the adjusted values for each species individually. This
altemative procedure allows an examination of the range of the adjusted chronic values for
each species.

“L. Obtain the Final Chronic Value at Z by using the procedure described in section IV, steps ]
through O.

M. If the Species Mean Chronic Value at Z of a commerdially or recreationally important
species is lower than the calculated Final Chronic Value at Z, then that Species Mean
Chronic Value should be used as the Final Chronic Value at Z instead of the calculated
Final Chronic Value.

N. The Final Chronic Equation is written as: :
Final Chronic Value = e(l.[ln(wntcr quality characteristic)] + In § - L{in Z])

where
- L= pooled chronic slope
S = Final Chronic Value at Z.

Because L, S, and Z are known, the Final Chronic Value can be calculated for any selected
value of the water quality characteristic. .

VI1IL.Final Plant Value

A. Appropriate measures of the toxicity of the material to aquatic plants are used to compare the
relative sensitivities of aquatic plants and animals. Although procedures for conducting and
interpreting the results of toxicity tests with plants are not well developed, results of tests with
plants usually indicate that criteria which adequately protect aquatic animals and their uses
will probably also protect aquatic plants and their uses.

B. A plant value is the result of a 96-hour test conducted with an alga, or a chronic test
conducted with an aquatic vascular plant.

NOTE: A test of the toxicity of 2 metal to a plant usually should not be used if the medium
contained an excessive amount of a complexing agent, such as EDTA, that might affect the
toxicity of the metal. Concentrations of EDTA above about 200 pg/L should probably be
considered excessive,

C. The Final Plant Value should be obtained by selecting the lowest result from a test with an
important aquatic plant species in which the concentrations of test material were
measured, and the endpoint was biologically important.

IX. Final Residue Value

A. The Final Residue Value is intended to prevent concentrations in commercially or
recreationally important aquatic species from affecting marketability because they exceed
applicable FDA action levels and to protect wildlife (including fishes and birds) that
consume aquatic organisms from demonstrated unacceptable effects. The Final Residue
Value is the lowest of the residue values that are obtained by dividing maxdmum
permissible tissue concentrations by appropriate bioconcentration or bicaccumulation
factors. A maximum permissible tissue concentration is either (a) an FDA action level
{Compliance Policy Guide, U.S. Food & Drug Admin. 1981) for fish cil or for the edible
portion of fish or shellfish, or a maximum acceptable dietary intake based on observations
on survival, growth, or reproduction in a chronic wildlife feeding study or a long-term
wildlife field study. If no maximum permissible tissue concentration is available, go to
section X because no Final Residue Value can be derived.
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8. Bioconcentration Factors (BCFs) and biocaccumulation factors (BAFs) are quotients of the
concentration of a material in one or more tissues of an aquatic organism, divided by the
average concentration in the solution in which the organism had been living. A BCF is
intended to account only for net uptake directly from water and thus almost must be
measured in a laboratory test. Some uptake during the bjoconcentration test might not be
directly from water if the food sorbs some of the test material before it is eaten by the test
organisms. A BAF is intended to account for net uptake from both food and water in a
real-world situation. A BAF almost must be measured in a field situation in which
predators accumulate the material directly from water and by consuming prey that could
‘have accumulated the material from both food and water.

The BCF and BAF are probably similar for a material with a low BCE, but the BAF is
probably higher than the BCF for materials with high BCFs. Although BCFs are not too
difficult to determine, very few BAFs have been measured acceptably because adequate
measurements must be made of the material’s concentration in water to ascertain if it was
reasonably constant for a long enough time over the range of territory inhabited by the
organisms, Because so few acceptable BAFs are available, only BCFs will be discussed
further. However, if an acceptable BAF is available for a material, it should be used instead
of anty available BCFs.

C. If a maxdmum permissible tissue concentration is available for a substance (e.g., parent
material, parent material plus metabolites, etc.), the tissue concentration used in the
calculation of the BCF should be for the same substance. Otherwise, the tissue
concentration used in the calculation of the BCF should derive from the material and its
metabolites that are structurally similar and are not much more soluble in water than the
parent material.

1. ABCF should be used only if the test was flow-through, the BCF was calculated based
on measured concentrations of the test material in tissue and in the test sotution, and
the exposure continued at least until either apparent steady state or 28 days was
reached. Steady state is reached when the BCF does not change significantly over a
period of time, such as 2 days or 16 percent of the length of the exposure, whichever is
longer. The BCF used from a test should be the highest of the apparent steady-state
BCF, if apparent steady state was reached; the highest BCF obtained, if apparent
steady state was not reached; and the projected steady state BCF. if calculated.

2. Whenever a BCF is determined for a lipophilic material, the percent lipids should also
be determined in the tissue(s) for which the BCF was calculated.

3. A BCF obtained from an exposure that adversely affected the test organisms may be
used only if it is similar to a BCF obtained with unaffected organisms of the same
species at lower concentrations that did not cause adverse effects.

4. Because maximum permissible tissue concentrations are almost never based on dry
wc:ghu, a BCF calculated using dry tissue weights must be converted to a wet tissue
wetght basis. If no conversion factor is reported with the BCF, multiply the dry weight

BCF by 0.1 for plankton and by 0.2 for individual species of fishes and invertebrates.

5. If more than one acceptable BCF is available for a species, the geometric mean of the
available values should be used; however, the BCFs are from different lengths of
exposure and the BCF increases with length of exposute, then the BCF for the longest
exposure should be used,

E. If enough pertinent data exists, several residue values can be calculated by dividing
maximum permissible tissue concentrations by appropriate BCFs:

1. For each available maximum acceptable dietary intake derived from a chronic feeding
study or a long-term field study with wildlife (including birds and aquatic organisms),
the appropriate BCF is based on the whole body of aquatic species that constitutes or
represents a major portion of the diet of the tested wildlife species.
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2. For an FDA action level for fish or shellfish, the appropriate BCF is the highest
geometric mean species BCF for the edible portion (muscle for decapods, muscle with
or without skin for fishes, adductor muscle for scallops, and total soft tissue for other
bivalve molluscs) of a consumed species. The highest species BCF is used because FDA
action levejs are applied on a species-by-species basis.

F. For lipophilic materials, calculating additional residue values is possible. Because the
steady-state BCF for a lipophilic material seems to be proportional to percent lipids from
one tissue to another and from one species to another, extrapolations can be made from
tested tissues, or species to untested tissues, or species on the basis of percent lipids.

1. For each BCF for which the percent lipids is known for the same tissue for which the
BCF was measured, normalize the BCF to a 1 percent lipid basis by dividing it by the
percent lipids, This adjustment to a 1 percent lipid basis is intended to make all the
measured BCFs for a material comparable regardless of the species or tissue with
which the BCF was measured. :

2. Calculate the geometric mean-normalized BCF. Data for both saltwater and
freshwater species should be used to determine the mean-normalized BCF unless they
show that the normalized BCFs are probably not similar.

3. Calculate all possible residue values by dividing the available maximum permissible
tissue concentrations by the mean-normalized BCF and by the percent lipids values
appropriate to the maximum permissible tissue concentrations, i.e.,

(maximum permissible lissue concentration)
(mean normalized BCF)(appropriate percent lipids)

Residue value »

+ For an FDA action level for fish oil, the appropriate percent lipids value is 100.

« For an FDA action level for fish, the appropriate percent lipids valueis 11 for
freshwater criteria and 10 for saltwater criteria because FDA action levels are
applied species-by-species to commonly consumed species. The highest lipid
contents in the edible portions of important consumed species are about 11
percent for both the freshwater chinook salmon and lake trout and about 10
percent for the saltwater Atlantic herring.

+ For a maximum acceptable dietary intake derived from a chronic feeding study or
along-term field study with wildlife, the appropriate percent lipids is that of an
aquatic species or group of aquatic species that constitute a major portion of the
diet of the wildlife species. : )

G. The Final Residue Value is obtained by selecting the lowest of the available residue values.

NOTE: In some cases, the Final Residue Value will not be low enough. For example, a residue
value calculated from a FDA action level will probably result in an average concentration in
the edible portion of a faity species at the action level. Some individual organisms and
possibly some species will have residue concentrations higher than the mean value, but no
mechanism has been devised to provide appropriate additional protection. Also, some
chronic feeding studies and long-term field studies with wildlife identify concentrations that
cause adverse effects but do not identify concentrations that do not cause adverse effects;
again, no mechanism has been devised to provide appropriate additional protection. These
are some of the species and uses that are not protected at alrtimu inall places.

Other Data

Pertinent information that could not be used in earlier sections might be available concerning
adverse effects on aquatic organisms and their uses. The most important of these are data on
cumulative and delayed toxicity, flavor impairment, reduction in survival, growth, or
reproduction, or any other adverse effect shown to be biclogically important. Especially
important are data for species for which no other data are available. Data from behavioral,
biochemical, physiclogical, microcosm, and field studies might also be available. Data might be
available from tests conducted in unusual dilution water (see IV.D and VI.D), from chronic tests
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in which the concentrations were not measured {see V1.B), from tests with previously exposed
organisms (see [LF), and from tests on formulated mixtures or emulsifiable concentrates (see
[1.D}. Such data might affect a criterion if they were obtained with an important species, the test
concentrations were measured, and the endpoint was biologically important. :

XI. Criterion

A. A criterion consists of two concentrations: the Criterion Maximum Concentration and the
Criterion Continuous Concentration.

B. The Criterion Maximum Concentration (CMC) is equal to one-half the Final Acute Value.

C. The Criterion Continuous Concentration (CCC) is equal to the lowest of the Final Chronic
Vatue, the Final Plant Value, and the Final Residue Value, unless other data (see section X)
show that a lower value should be used. If toxicity is related to a water quality characteristic,
the Criterion Continuous Concentration is obtained from the Final Chronic Equation, the
Final Plant Value, and the Final Residue Value by selecting the one, or the combination, that
resuits in the lowest concentrations in the usual range of the water quality characteristic,
urnless other data (see section X) show that a lower value should be used

D. Round both the Criterion Maximum Concentration and the Criterion Continuous
Concentration to two significant digits.

E. Thecriterion is stated as follows:

The procedures described in the “Guidelines for Deriving Numerical National Water
Quality Criteria for the Protection of Aquatic Organisms and Their Uses” indicate that,
except possibly where a [ocally important species is very sensitive, *(1) aquatic organisms
and their uses should not be affected unacceptably if the four-day average concentration
of (2) does not exceed (3) ug/L more than once every three years on the average, and if the
one-hour average concentration does not exceed (4) ug/L more than once every three
yearson the average.

‘where (1) = insert freshwater or saltwater
{2) = insert name of material
{3) = insert the Criterion Continuous Concentration
(4) = insert the Criterion Maximum Concentration.

XII. Final Review

A. The derivation of the criterion should be carefully reviewed by rechecking each step of the
guidelines. items that should be especially checked are

1. lf unpublished data are used, are they well documented?

2 Areall required data available?

3. Isthe range of acute values for any species greater than a factor of 10?

4. [sthe range of Species Mean Acute Values for any genus greater than a factor of 107
s

[s there more than a factor of 10 difference between the four lowest Genus Mean Acute
Values?

Are any of the four lowest Genus Mean Acute Values questionable?

]

Is the Final Acute Value reasonable in comparison with the Species Mean Acute Values
and Genus Mean Acute Values? ‘

8. Forany commercially or recreationally important species, is the geometric mean of the
acute values from flow-through tests in which the concentrations of test material were
measured lower than the Final Acute Value?
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9.

10.
11
12

13.

4.
15.
16.

Are any of the chronic values questionable?
Are chronic values available for acutely sensitive species?
Is the range of acute-chronic ratios greater than a factor of 10?

Is the Final Chronic Value reasonable in comparison with the available acute and
chronic data? :

Is the measured or predicted chronic vaiue for any commercially or recreationally
important species below the Final Chronic Value?

Are any of the other data important?
Do any data look like they might be outliers?
Are there any deviations from the guidelines? Are they acceptable?

. On the basis of all available pertinent laboratory and field information, determine if the
criterion is consistent with sound scientific evidence. If not, another criterion — either
higher or lower — should be derived using appropriate modifications of these guidelines.
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