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Definitions 

To effectiveiy use bioloQicalcriteria, a clear understanding of how these crleria are developed and ap-

plied in awater quality alandards fromework is necessary. This requires. inpart, that users i t  biological 

cr~teriastar( lrorn the same hame of reference.To help form fhis frame of reference, the followingdefini-

tions are provided. Please consider them carefully to ensure a consistent interpretationof this document. 

Definitions 
2 An AOUATIC COMMUNITY is an associrfion ol in- (herbivon, omnivore. carnivore) or organ~zaltonal 

teracttng populations 01aquatlc organisms in a glven level (~ndividual.population, communlly assocral~on) 
waterbody or habllat 01a Diologlcalentity wllhin the aqualtc commun~ly. 

3 A BIOLOGICALASSESSMENT is m wduation of 
the b~ologlcucond~honof a waterbody urng b~ologl-
cal surveys and othar dlrrcl measurements of reti. 
dent biota in sudacewaters. 

3 BIOLOGICAL CRITERIA, or blocrlterie, e n  numerl-
cat values or narrative expressionsthal describe the 
reference b~olog~calinlegnly of aqualic cornmunllies 
nnab~llngwaters of a glven designated aquallc 11Ie 
JSB. 

3 BIOLOGICAL INTEGRINis fundioruliy defined u 
me condition ol the a q d c  community inhabiting 
unimpaaed waterbodles of a *Mod nrbitrl as 
meerured by communitystnxrun and fuKU0n. 

3 REGIONS OF ECOLOGICALSlMllARllY describe 
a r&tivdy homogenwus area defined by dm~larify 
d cllmate, landfon. soil, potemial natural vegela. 
Uon, hydrology, or other ecologically relevant van-
able. Regions of .co logid simllarily help define 1ha 
potrnUU for dosignaled use classif~cations of 
specific waterbodier. 

3 DESIGNATED USES are lhose user specified ,n 
water qualify standards for each uaterbody or sep 
men1whefher or not they ere brtng aUained. 

CI An IMPACT is a change in the cherniul, phyr id  or 
bbbgWquality or condition d a waterbcdy uusW 
by urrnulsources. 

3 BIOLOGICAL MONITORINQ is Unum at bidogC 3 An LMPAIRMENT is s deMmenW eUan on rho 
cal mlify u a d*rW and itl nspmw as a blobglul kmgri(yof a wuerbody u r r d  by M im. 
m e u u n  to dnmmh mv1mmwnl.l conditions. paa chat pnvenls anrinmnt ol the designated use. 
Toxicity mesa and bldoglul a u w w  ur common 
b~omonltorlngn*modl. 3 A POPULATION is an aggregate of interbrooding in. 

d'iVidUels ol a biolcglcal species wilhln 1spec~fied 
J A BIOLOQICALSURVEY, or bloruwy, c~lsi f frof loutlon. 

cdlecttng. processing m d  atmlyzlng repmsenlalive 
port~onsofa reside( aqurtk wmmuriity to dertrr. 3AWITER Q U ~ A S S E S S M E M ~ ,  rvduauon 
mine tha communily s b u ~ t u rand tun&. Of th. condition of lwaferbody using biological sur. 

veys, chemical-speullc r r u l y n r  d polluunts in 
3 A COMMUNITY COMPONENT is any ponion of a waterbodies. and toxicily test$. 

piologlcal Community. TM tom- componem 
may ponaln lo the Womonic group (fish. invet- 3 An ECOLOGICAL ASSESSMENT is an evaluat~on 
learater, algae). the mxonomk a t w r y  (phylum. of me condition of a waterbody using water qual~P{
order. lamtly, genus, rpeciea), mr leeding strategy and physical habitat assessment methods. 



Executive Summary 


The Clean Water Act (Act) directs the U.S. Environmental Protection Agency (EPA) to develop 
programs that will evaluate. restore and maintain the chemical, physical, and biological 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 Standnrds Regulation provides additional 
authority for biological criteria development. 

In accordance with priorities established in the FY 1991Agency Operating Gutdance, 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 t k  Use of Biolo@ul Assessments and 
Criteria in the Water Quality Pmgmm dnd i s  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 

tyP5. 

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 



Biological criteria require d imuntrementa of the rtruchlre m d  function of mident aquatic 
communitiesto determine bimlogical integrity and ecological function. They supplement. rather than 
replace chemical and toxicological methods. l t  isEPA's policy that biological survey methods be fully 
integrated with toxicity and chemical-specific asseument methods and that chemical-spcific criteria, 
whole-effluent toxicity evaluations and biological criteria& used as independent evaluation of non- 

attainment of designated us=. 

Biologlcal criteria are narrative expressions or numerical values that describe the biological in- 
tegrity of aquatic communities inhabiting waten of a glven aquqtic life use. They are developed 
under the assumptions that surface waten impacted by antnropogenic activities may contain im- 
paired aquatic communities (the greater the impact the greater the expected impairment) and that 
surface waten not impacted by anthmpogenic activities are generally not impaired. Measures of 
aquatic community structure and function in unimpaired surface waten functionally define biolop 
cal integrity and form thebasis 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. 
w e d  to occur within a waterbody (e.g., 'Aquatic life shall be as it naturally occun' or 'A natural 
variety of aquatic life shall be p m m t  and all functional p u p  well repmmted'). T h w  criteria can 
be developed using existing information. Numeric criteria describe the expected attainable com- 
munity attributes and establish values based on mearum such as spedes richness, presence or a& 
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 b i m p a l d  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 hom bioruwep can identify coruistently distinct cturacteristics among 
aquatic communities inhabiting different waten with the same designated use. These biological and 
ecological chamchistics may be used to define separate categories within a designated use, or 
separate one dcrilgrated use into two or more use classificatioru. 

To develop values for biological criteria, Stam should (1) identify unimpaired reference water- 
bodies to establish the reference condition and (2) characterize the aquatic communities inhabiting 
reference surface waten. Cumntly, two principal appmaches are used to estsbliuh reference sites: (1) 

the site-specific approach, which may require upham-downsham or near field-far field evalua- 
tions and (2) the regional approach, which identifies similarities in the physiw-chemicai charac- 
teristics of watersheds that influence aquatic ecology. The basis for choosingreferencc sites depends 
on classifying the habitat type and locating unimpaired (minimally impacted) waters. 

vlll 



On= refmnce s i t e  am selected, their biological integrity must be evaluated using quantifiable 
biolegicd surveys. i h e  success of the survey will depend in part on the careful selection of aquatic 
community componmts (e.g., fish, macroinvertebrates, algae). These components should serve as ef- 
fective indicaton of high biological integrity, represent a range of pollution tolerances, provide pre- 
dictable, repeatable mults, and be readily identified by trained State personnel. Well-planned quality 
assurance protocols are r e q u i d  to reduce variability in data collection and to assess the natural 
variability inherent in aquatic communities. A quality survey will include multiple community com- 
ponents and may be measured using a variety of metrics. Since multiple approaches are available, 
f a aon  to consider when choosing possible approaches for auessing biological integrity are 
presented in this document and will be further developed in future technical guidance documents. 

To apply biologial 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 horn hypothesis testing using these analyses: (1) the use is impaired, (2) the biologcal 
criteria an? met, or (3)the outcome is indeterrn~nate. 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, Statea would need to re-evaluate their protocols. 

If the designated use u impaired. diagnosis i~the next step. During diagnostic evaluations three 
main impact categoria must be considered: chemical, physical, and biological stress. Two questions 
are posed duringinitial diagnosis: (1)what are obvious potential causes of impairment, and (2)what 
possible causes do  the biological data suggest? Obvious potential causes of impairment are onen 
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- 
nose  of biological impairments are relatively straightforward; States can use biological criteria to 
confinn i m p a h e n t  from a known source of impact. 

There u considerable State intemt in integrating biological assessments and criteria in water 
quality management prognms. A minimum of 20 States now use some fonn of standardled biologi- 
cal asxssmentr to d.tmnine the status of biota in State waters. Of these, 15 States are developing 
biological assessments for future criteria development. Five Stata use biological criteria to define 
aquatic life w dauifications and to enforce water quality standards. Several States have established 
narrative biological 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 rep-& 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. 



Part I 


Program Elements 




Introduction 


The principal ob]ecUves of the Clean Watff 
Act are 'to restore and mainta~n the cherni- 
cal, pnysicat and biological integrity of the 

Nation's waters' (Section 101). To achieve these o b  
jWo8.€PA. Stat-. thr ngu*tsdcommunity, M d  
the publlc need comprehensive inbnnatint llboul 
the ecological integrily of aquatic mvlmnmenb. 
Such inbnation will help ua identify waters requlr- 
ing s p i s l  protrc(lon andthMe (hatwi\l b e n d  moat 
from regulatory eflom. 

To meet the objectives ofthe Act and to comply 
w~th statutory requlremenlr under Sect~mr 303 and 
304. States are to adopt biological cr~teria in State 
standards. Tho Wafer Ou.lify St~dardaRegululon 
prwld- additiorul authority for this offort. In ac-
cordance with Um N lOO1 AqMy OpMlrng 
Ouidmn. Slat- and quJMod ImlmU b a  are to 
adopt narrative biobgii critrria into Stao w a u  
quality Naduda during Um N 1991.1093 Vlen. 
nium. To s u m  this effort. EPA is dwebplng a 
Policy on the U u  d BWgkd AtJ.wmonts m d  
Crifedo in fhe WLDlOwllly proOmmand providing 
this program gIJ ld~c0 document nt biological 
witorla. 

Uke othrr water quality criteria, blobgical cri-
teria identify water quality Impairments, suppon 
regulatory rmtrob that adbreaa watu quality 
problems. M d  Maear irnprovementa in water the direct measurement of aquatic communily corn. 
quality from regulatoty efforts. Biloglcal criteria u e  portents inhabiting unimpaired sumce waters. 
numeriul valurr or n rmtke  expreaslons that 8iobgic.l criteria cwnplement current pro.
describo the refuence bb1~gic.L integrHy of aquatic grams. 01 the three ob/ecttves identified in the Act 
communities inhabillng watrs of a piwn desig. (chemical..phyrical, andbiological intsgrity). cirren: 
nated aquatic life use. They are developed lhrough water quality programs focus on direct measures ol 



chankd in(- (chwnled-SpWilk .nQ ~hd.4-
nrmn toxlony) and, to m e  dagroo, pkyr(crl in- 
tegrlv rnrouoh WUU convrntbrul akorh (o.g., 
pH, turbldtly, dlasdwd oxygon). implmmtation d 
t hou  programs hm agni(icUlUy improved water 
quality. Howavor, u m t u r n  mwo about aquatic 
ocaayaloma i f  h appuonl Ma1 othu sources of 
wrtorbody lmprinnrnl oxbl. Bloloaid impainnentr 
fromdilfuso rouras and hbltd dogrdatloncan b r  
g r u t r  Uunthcu aua.0 by point sarrca dischar. 
g a  (Judy U .1.1881: M i l k  et U. 1989). In Ohio, 
walurtlon of InWoun biota indicated Uul 38 pu-
c m  of Impaired n n a m  segmrnts could not be 
d o t a r d  wing chamid crlterla alone (see Fg.1). 
Almwph dfrcllve lor lhalr plrpose, chemical. 
~ M CMOri8 end w h d ~ M u ~ t  c toxlclty provide 
Only lndlrocl waluatbm and proloclion 01 b~ological 
imogrtly (roo Tour I). 

To dfrcclvely address our rmaining water 
awlitv mbloms m need to dwalon. mare-~ in. 
t i a n i r k  contprohrnsive evaluations. Chemical 


P h P w  iMWrity n u o w V .  bul no1 

d M  mndltlona to POh biologlul I n t ~ M y .  and 


w o g i d  I* 
uhl~d.b.0b01dMqrlty pcrrrbl* 

(100ma. 2). B i d w i d  dtrr(. provlda .n0w.nll.l 
third &MI tor w o t u  q ~ l ynunagmont and 
r r w  u a tutur~progmrion in reguiatory 
progmma. lncorponllng blologld Pnoria into r 
fully integralad programdirrecly proloas the biologi. 
ul integrity of rutface walan and provides indind 
pmlocUon for chomlcpl and p h y r i d  integrity (see 
T I W  2). CMcaI -mpMc aitma, whde-omwnt 
t o w  nnluatlom. and b ldog id  criluia, whon 
usad tQOoIhor, c ~ p l o m . n t  rho rrbflvo atruqhs 
and wwkn.rra Of each approach. 

-*-, md. 

-

Clgun 1.-Ohlo lllorumy Rawlla A g m  wIfh 
INttUrm Ch*mlrly w Rawrl Unknown Problems 

Chsmtcal Evaluatton Indlcale 
NOImpd~rrnent: 810su~ey 810suwey show N~
Show Impa8rmenl Imprlrmenl: Chemocal 

EvaIualionIndicates 

~ t g .I. I"an nntenswr rune?,431 riles in ohlowereassessd 
uenp inuleam CMrnlalQ an0 b~ologlcalrumys. In 38% ol 
trw caaas, c ~ r n , c a ~  	 butwatuat,ons irnpl4.o no mw~rmmr 
boolog~cal sun*, wmlurltons s- imp.~mynt. 01In ~ B K  
IMcases INChwntul and bloloolul.-Is agma 
01tms.. 17% *o~~I I~M no orng.arment. 4r0,.watars wtt,
lamlltw wa~erawhlcn w r e  cons1d.ra.j ImMaM (Moa~f8ea
"om Ohlo EPA W a t r  Ouallly knnlov. 1W.l 

Biologlcrl aueavnenla hove boon used in 
biomonitoring programs by St las  fw  many years. 
In this reapact. biological criteria suppcn earl:eV 
work. However, implamenling biological criterla In 
water qualify slandarda pr0vld.s a ryttemallc, 
str,tructurrd, a d  ob).*iva prouu for making 
drclriom rbocrt whh qualilyc o m p l h ~ ~  Wlaf 
nududs.This dbUoguWHa b l o k g i d  critoria from 
emi i r  uao of bidogled in(omutbn and inaoasas 
MaMIUOof b idog ld  data in roguirtory pfOQr8fnS. 

C U Y S l n n  OF ECOIOQlCU PROQIIAY THAT DIRECTLY 	 PROQRAY THAT 1HO)RECTI.Y
) m o r n  	 I P R O E C ~  P R O T L ~  
C h m l W  Innpn* 	 ; CIWUUI %oak ~n ten llD1ul 


I WM.EIIIuant Toxmty [IOIIU]

I 

I Pm,Ml IM*InPI Crltena lor Conventmnals 
IpH 00,lurbullty)

I 

8~ologul inlognly 	 Chemtcal Whole ElHuenl TOX~CIIV 

IbmhC reaponW In lab) 


Tabu 1 Cun~l tprograms locus on chernsal s ~ ~ t h c  	 approacnesa M  wnols.etHu.nt toxmry evaluations. 80th are vnuab~e 
lor th.  dorm evaIua1mn acd Protecllon 01 chemtcal lnlepnly Phystcal nlegnty is also d~rectly prolocted 10 a llmlted Oeqee 
mrOuQh cMmr lor mnvsnlmnal wlluranla Bdog~cll ontbgnly 8s only ind~r%lly prolecIW uMMr Ihe aasumpllon :bat t, 
u.IUaW toxmly to wgansrns In taWratory Slbdves eslwnafes can be made amul :he toroclty to other organisms infiaol'-;
amblsnl W l l l  



I ELIYEWS ff 
ECOLOGICALINlEGRlTT DIRECTLY PROTECTS ' INOIRtiCTLY PROTECTS 

' Chm~calhtmnlv Cnem!cal S w ~ h cCntern~toxlcs\ 81~cnlaftal~omthcahonot.. - .  
Whole Ellluent Toxlctty (toxrsl ~rnpa~rment) 

Physlcalmtegnty Cntana lor convenl~onalsipH. temp. 8wnlena thaktal evaluabonl 
, DO) 

B~olog~callnregrlty Bdocnsna (b1011creswnse m wtiace Chm~calWh0U Elfluant T~SIIM)
watwl IMW.reswnse ~nIabl 

Table 2 When blologlcalcnlena are mccrporaled~ntowaler quality programsthe LOIQPlcaImtegnry 01 surlacr walsrs may 
Mosgc!:y evatustedano protected.Bnloqcalcntena absop r o w  add!lwnal benelnsby rwulnng an evalualm of phys#cal
rnlegrlly and provtdlng a monltonng tool to assess the eUecllvenru 01 current chsmlcally Dasw cnlena. 

FI~UW 2.-Thm Elements of Ecological Int.grtW Biological assessment8 provide integrated 
evaluations of water quality. They u n  identify im-
pairments from contaminatbn of VM water column 
and sedimentsfrom unknownor unregulated cheml-
cals. non.chernica1 impacts, and altered phys~cal 

Pnys~calIntegrlly habinat. Resident biota fumlon as continual 
monilors of environmental quality, increasing the 
likelihood of dotactingthMK(aof epiaodlc events 
(e.0.. spills. dumping, tnatmont plant malfunctions. 
nudent enrichment), toxic mnpoint source pdlulion 
(o.Q.,agriwlhrral perUddes), wmulative pollution 
(i.e..multipla impacts over time or continuous low. 
Irv*stress). or other impem that priodic chemical 
sampling is unlikely to detect. Impactson the physi. 
cal habital such as sedimentation ham stormwater 
runoff and the effects of physical or structural 
habaat alterations (e.g., dredging, filling, chan. 
nelizalion)can also ba detected. 

Bmbgical critw* roquln tha dlnc( moasura of 
naidenl aquatic communily ~ a u nand turnion 

FIQ 2. ECOIOQIC~IInta~rolv18 allamable w h n  Chamocal. 
to deIefmirw b io lq lu liNogfUy andeecbgiulfunc-

phys~ca~,and b101og1ca1intaqrlly occur s~mu~~amua~v UOn. Using them m r a ,  impr imwt CM be 
detected and evaluated without knowing the Im. 
pact($)mat may uwrU u  Lnp.inrnt. 

Value of Biological Biological crltw* prwide a rtgulatcq iratne. 
work far addrwing w U u  quality problems and

Criteria onu addilmnal benefb, includingproviding: 

the basisfw chncter i~ lnghighqwi
Biolc%icalcriteria provide M d r c t i w  tool tor watetm and identifying WIWSand 

addrbss~ngremaining watw qWi pro#wnr by community m p o n M  roqulrlngspacial
directing regulatory efforts toward aursslng the potectian under Slate anti-degradation
biological resourcbs at risk from chemical, physical MICIP(. 

or bidogicsl impacts. A primary atrmgth of b i i l o g ~  
cal criteru is the detectionaf water quditjprcbkm aframework for drcidiw 319actions for best 
that other methods may mi89 or underdimate. controlof n0npc.int sourer pollullon: 
Biological criteria can Oe usedto determine to what an evaluationof surfaca watw impuments
extent CUlreMregulations are protectingthe use. predicted !Jy chemicalandpea. twiczty 



taring. md fate md rrcuupond d l n g  (e.g., spuinc and whole-aumt IOtoxidty applications:na-
wutdo8d .Doatlon);, U o d  guidtncr produced by U.S. €PA will suppon 

imprwmmt,  h water qualitystandards Stat- working to ert.Miah State atandarb8 for the 
implmenlltion of roguiabry programs (me Tabla

r-.ntof 
3). Biological criteria differ, howwer. in me dbgree 

a m e s a  fcf d m w t r a t i r a  imprw-la in of Shte involvrmm roauirad. 8.uuu surfacm- --.
Air quality mer imptemGtario, ot pot~uuon w e t m w y  signincenuy horn region IO region. EPA 
controls; will provide guidance on acceptable mproaches for 

addillma1diagnostic tools. 

The rda of biologicalulleriaaar regulatorytool 
is brlng realized in aome Smtm (0.9.. Arkmaas. 
Maine, Ohb. Nonh Carolina. V m t ) .  Biological 
assessments. and criteria have been uselul for 
regulatory, resource prOtWUOn, and monitoring and 
reporting programs. By incorporating biological 
criteria in programs. Stales can improve slandards 
selling and enforcement, measure impairmentl 
from perrnlt violations. and refine worWoad alloca-
Inon models. In addition. the localion, extmt, and 
type of bdological impairmenu measured ina watc-
body provide valuable informti0n needed for idm-
Idlying the c a u ~of impairment and delennining 
actions required to improve water quality. Biological 
assessment and criluis programs provide r cost. 
effectivemethodfor walueting mter  q d t y  when a 
standardized. syrtrmaUeapproachto sludy dmign. 
field methods. and data analysis is established 
(Ohio€PA 1988s). 

Process for 
Implementation 

The implemsntalion 01biologicalu l t r r~aMU fol. 
low thr same procar u w d  (or cunmt chemical-

biological criteria dawlopm*rt ram& &an apec~fic 
criteria with numerical limitations. Smtm are to es-
tabliah u rmsmrn t  procedures. conduct field 
awtuations, and determine criteria values to imple-
mrnt biologicalcrltmia in Slate standards and apply 
t h m  m r r ~ l a t wprogrm.  

The degree of Su l r  involvement required In-
fluences how biological criteria will be implemented. 
It is expeaed lhal Stales wiU impiemenl these 
cr~teriain phases. 

Phase Itncludes the development and adoc. 
tion of narrative biological criteria into State 
standards for all surface waters (streams. 
rivers, lakes, watlwda, wtuarim). Delinitions 
of I O m S  and expreaabna in ma narratives 
mug be includedinM e  Standards (see the 
Narrative Criluia SecUan. Chapter 3). Adop 
lion of narrative bioiogical criteria in State 
standards provides me Iwsl and program. 
matic basis for using ambient biologtcal sur. 
veys and assessments tn regulatory acldons 

P h a n  II includes me development of an im-
pimentation plm. The plan should include 
program 0bjectCliWs. study design, research 
protocols. criteria lor selecting reference con. 
diaions and ccmrnuni~cornponenu. quality 
assurance and quality control procedures. 

-
C R m R U  U A  QUWAIYCE STATE IYPLEYENTATWN STATE APPLICATION 
c n m w  soamhe -waofc ~ . n :cnnr stua s-. p.m.,l -**rru~na 

. "=d.rqN& ~ .............- ..-.-...-
8..I Mwg.mm PfacDC.9 

' nununc- WuUlOYI ilDOuon 
'-m 

N w a m  RY Fams WhQ .IIWMmmay 9*d~. W a t r  ~umvN Y T ~ M  P M * n O M n n o m g  
' na IQ*-8 WMBlalor WUlOlma IIY)Umr

B ~ Ihunqwrum ~ ~ C I I C . ~  

B l o ~ c q m  savlnvy m~nlrnwnf q w r m t  Suw s ~ x ~ m r  am ommuons wnlonrrg 
D- ' mhma u u  8.rt Mm.gmw11 Ptrct!ces 

n a w a w ~ l mcnlma wa91*OYIa1LX.1.m 
' anM.prwuon 

Table 3 S~m~larto chamtcal sp.nhc cntena and wnoh elfluent IOI~CIIV evalwlmns. EPA is prov#ddqguidance to States Ic. 
me aaoolmn of 8miqr.l cMwa ~ntoState nrndardr to regulars sources ol water qually impalrmwt 
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&W n g  tor S w  pmonnel. In Ph- II. compwd to loxicoiapical meIhods, h y  are n n  
gm" .nto *lop plms nrcrsMy lo  im- uwd inliw of, or inmnlllclwiih, current regulatory 
plmrntb k b g ~ u lcrnerla for each rutlace effocta. 
WUta tVpc Aa with all criteria, cmain limilations to biilogi-

m Phew Illrequhea full hplemenlalbn and m-
tegratlon of Motoglul criteria In waler qualih/ 
smdarea. This requirw ushg ~ l o g k a ~sur. 
vsyr to daiva bblogiul &@ria for d u r e s  of 
surface waters and designalad user. These 
crrteria are then used to identity nonaMin-
mentof dwignaled uaw and makeregulatory 
decisions. 

Narrative bldogical criteria can M developed 
for all OM surface water clarsmcallons with lime or 
no dala collodion. Applicationof nanalivecritan'a in 
seriw$ly degraded waters is poaalble in the short 
term. However. beuuse of the diversity of surface 
waters and the biota that inhabit mesa waters, rig. 
nmcant plfinning, dala colledion, and evaluationwill 
be needed lo fully implement the program Cliterla 
for each type of sufface water we Ilkely 10 be 
developed el diffwenl rater. Th.ordu and rate of 
development will depend. in part, on the develop 
menl of EPA guidance for specific typw of surface 
water. Biological criierla technical guidmce for 
streams will Mproduceddurkrg PI1991. m e  ten-
tative order for future technicalguidame documents 
includes guidance for rivers (FY 1992), lakes (N 
1993), wetlands (FY 1994) and estuaries ( P I  1995); 

cal criteria make independent application essentii. 
Stu6y design and use innuences how senstlive 
bimlogical criteria are for dalecling community im. 
pairmenl. Several faaon ulfiueme rennlivity: (I)  
Slate decisions about whal is Signif~anllydifferent 
betwO0n referenceend t m  communities. (2) study 
design, which may include community mponents 
that are not senntiv. to the impaa causing impair. 
ment. (3) high natural variability that makes it dif-
ficuil to detect real differences, and (4) types of 
impacl, th.1 may be deteclable sooner by other 
methods (0.9.. chemical criteria may provide earlier 
indications of impairment from a bioaccumulattve 
chemical because aquatic cmmunilies requtre ex. 
poaureover time to incur th. lulleffect). 

Since each lype of criterla (biological crlterla. 
chemical-specific cnleria, or whole-emuenl tox~cily 
evllluations) haa different sensitivities Md pur. 
pores. e crillrlon mayfdl  to deteclreal impainents 
when usedalone. ~a a rewlt, these memodsshould 
Mu u d  togmhu in M inlogratedwater quality as-
seaament. u c h  providing en independent evalua. 
lion of nonanrinmant of designated use. Ifany 
O M  type of Uiterk indicatoa impdrment of tne sur. 
face water, regulatory Pction C a n  be taken to Im-
prove water qual~ty.However, no one type of crllerla 
can be used to confirm anainment of a use 11 

This order and l~melinefor guidance does not renect another form of cmmne indicates nonattalnment 
the relative imwrtance of tha~esurface waters, but Dee Hvwtheas Testine B i log iu l  Cntena and the 
r a ~ rine~catesth.r e w v r  ava\\.u\b of rwearch ~tien(iiic~*hoe .~ & e r7): when these three 
and thm anticipued di~culty of dawtoping meIhodaare usedtogmhu, they pmnde e pcwerfut. 
guidance. imrgraled. and d W e  found.(lcn fw  waterbody 

Nnc,enunt and nguletions. 

Independent Application 
of Biological Criteria How to Use this 

Document 
Blolopical allefla wWrm*l1, bul do not 

replace, chemicaland toxicological methods. Water 
chemisfry melhods are neceamy to prdii riaks 
(patiiiulerty to human hmlth and wildlife), and to 
diagnose, model. m d  regulate impoWII water 
quality problems. Because biological criteria are 
able to dat.c( dUfereM types of water quality impair. 
mentsand, in particular, have dfflumt iwels of sen-
silivity for detecting cenain typw of impainnem 

Th.w m s e  of this document is to provide EPA 
Regions. Statw and olhem mlh the conceptual 
fmmmork and aaaiatance neceaaary to develop 
and implement namatke and numeric biological 
crneria and to promote nauonal maistency (n a p  
plication. There are two mainpaM of the document. 
Part One (Chaptm 1. 2.3. and 4) includes the 8s. 

sentiai concepts abut  what biological crtteria are 



and how h y  mu u d  h regulotoy pmanms. Pas 
7Lv0 (Chaplur 5,6, and 7)pmvldrr an owrv iw  of 
the proceuthat b wentiat for implementing a 
Slate Dialogical uWda pogram. Specific ChapterS 
include Ule following: 

PatlI: PROGRAM ELEMENTS 

o Chmpter2, L q s l  Aumorlty. r w k w  the l-aJ 
W s  far biolaglQl m  a  undu th.Clem 
Walw Act and indudu pouible applicslions 
undn the Act and othw l.girlaUon. 

3 Chapter 3, Comrptual ?ramwork. 
dimnses +he sumVal Vogram elemorla for 
biologicai ciaeria, including whal they are and 
how t h y  are doveloped and used wilhin a 
r.gulaloy program. The devwment of 
narrative bioiogiG4 criteria is discussed in lhis 
chapter. 

J 	Chapter 4, Inlegnllon. discuasea the use of 
biological utterla in regula(ory pogramr. 

Part 11: THE IMPLEMENTATION PROCESS 

3	Chapter 5, ih.R d m n c e  Condltlon. 
provider a discussion on alternative forms of 
reference ConditOnS that may be developed by 
a Slate based on circumstances and needs. 

3 Chapter 6, Th.Bldog lu l  Survey, provides 
some dotailon the elemrntr of e quelity 
biO!Ogw SUWW. 

3	Chapter 7, Hypoth.rla Todlnp: Bblogkel 
Crltrrh m d  UI.Sclentlllo Method.d i r a r u n  
how biologicalrwyr u e  used to make 
regulaloy .nddlqnostk decisions. 

3 AppondbcA lnduda commonly uked 
queSUons and their a n m r  aboul bldogiul 
cr'inia. 

Two 8 d d i i o d  documanla are planned in the 
n e u  rum to supplemenl lhir program guidance 
jocumant. 

1. 	'8iobgiul Crirwir Technical Reference 
Gd@'win contain a u o u  rolerenu of tech- 
n l d  prpwr an avUlable rpOroacher and 
m*hodr for dweloping biologid uiteria 
(sea cantalive labla of contents in Appendix 
8). 

2. 	 'BiologiuI Criteria Devdopmonl by Slates' 
MU provide a summery of diflwmt meChs. 
nisrnr several Slates have used to implement 
and apply biological uiterir in water quality 
programs (seetentative outline in Appendtx 
C). 

Both documents are planned for FY 1991. As 
previously discussed. over the next lriennlum tech. 
nlcai guidance lor specinc systems (e.9.. streams. 
wetlands) will be developed to prOVlde gu~dance on 
acceplable biological usessmmt procedures lo fur- 
thw support Slate imp~mentalion of comprehen- 
sive programs. 

This Biological ctilnia program guidance docu- 
men1 suppons dwelopmmt and imp(unen1ation of 
bb log id  Uilefia by prwidlng guidance lo Slates 
wMking to comply with fwuirements under the 
Clean Water Act and the Watar Quality Standards 
Regulaaon. Thrs gutdance IS not regulatory. 



Legal Authority 


The Clean Water Act (Fede l  Watsr Pdlutlon 
control ~ c t  of 1972. Clean Wata ~ c t  of 
1977, and the Water Oudity Ad of 198'1) 

msndater State dwelopmnt of criteria bored on 
biobgid asaoumanta of n.bu.l C1)syaterm. 

Th. gsnofal authority tor bbIc9k.l dtet ia 
comn trom Sectlon 101 (a) of lhe Ad which ustab-
lisher uthe objI*tve of the Act the r10ratbn and 
maintrnana of the ckmical. physical. and biatogi-
cal integrity of the Natbn'r w8tOfa. to mMl this Ob- 
jective, water quality cr'iefia must include criWia to 
protect biological integrity. Section lOl(a)(2) in- 
cludes the interim water quality goal for the protcc. 
lion and propagation of tbh, shaliflrh. ~d wildlife. 
Propagallon includes the full range of blologtul 
conditbnr n.c.rruy lo wppor( nproducing 
populatio~of .I1 fomu of qwlc Ma and other IMe 
that depend on .quHc sydmu. 5.dlona 303 .nd 
304 provide spKMc dkrc(lvn tor the dwelopmant 
of bJologiul criteria 

adopt numeric ctitaia Ior tack poluWItr for which 
Section 303 EPA h m  published 304(a)(l) critula. The section 

furMer r q u l r n  that, when rmmrrlc 304(a) criteria 
Under SIdlon 3R3(c) at the M,Stalerare re- mnot Milable. Stat- ohcum adopt criteria based 

quired to ado# potMlw watu qualily standuds on bidogiul u r e l w n t  ud monitoring methods. 
that eonrist ot urer, ubril .nb .ntMogr.blblon. eonaktentwith infumetJm rxlbilstmd by €PA under 
Slat- are to revim thne M n d u d l  wmy three 304(4(8). 
years and to r&se them as needed. m e w  spocifk dirrstlwa do nM serve to restnct 

Section 303(c)(2)(A) requirw the adoption of Me use of biological critatie in other aatlngs where 
water quality standards that '. ..serve the putpores thay may ba helpful. Actordlngly, this guidance 
of the k t :  u given in Section 101. Saclion document providas aasinance in implementing 
3031c)12)(B), enacted in 1987, requires Stater to various sections of the Acc. not just 303(c)(2)(0). 



Section 304 
S.cUon W4(@ dn*r EPA to h b p  and 

pubUah waer q W t y  EMOM and infomution on 
mothods for meuuing wUer qualily and .rub 
liahing wuer qw l i y  crltwia for toxic polManla on 
bUN othu than pollulMt-by-polhitant, including 
biologkal rondoring d wlunfUmothoda 
whlch suers: 

the effects of pdlut8ntson aquatic community 
m p o n m s  (*. ..planklm,fmh, ahollllrh. 
wildlife, plant life. . .3 and uwnmunw 
anributes C...b i i i u l  mmuni ty  diwmity, 
productivity. and ala01Iily.. :); Inany bxty of 
watn and; 

factors nuesrary '. . . to restonand 
maintainthe chemical, physical, a d  
Oiolog~calinlegrily of all navigablewaters . . : 
for '. . . the protection of shellfish, fish, and 
wildlife for classes and categories of receiving 
waen .  . .' 

Potential Applications 
Under the Act 

Development and use of biological criteria will 
help States to meet other requirements of the Acl. 
including: 

a rn ing  planningandmugomorn M a lor 
wetwbdim moat h nmdof con(rols 
[Sac. 303(4)1: 

0 Iwr~fmtwrUutuMcnarin~gnUrd 
u a u  wimout nonpoht wurce ontrols 
(S.C. 3191; 

O dewl0pmentof muugwnrnt plansand 
ConduCtina monitorinain estwior of n U c 4  

o iuuingpermitsfor ocean diiharwMO 
monibringocoiogiu!effocb [& 403(c) and 
301 (h)(3)1: 

3 detenninatimn ofacceptablerites for disposal 
01dredgo and fill material[Su. 4041; 

Potential Applications 
Under Other Legislation 

Several legislative acts require an assesmmt 
01risk to the environrnonl (includingresidentaquatic 
wmmunities) to detmnhe the rmd for regulatory 
action.Bidogiulcribria can ku u d  inth*mntbxi 
to support €PA aasearmoouundoc 

7 ReaourceConsswellonandRsmwryAct 
(RCRA). 

3 ComprehensiveE n v i m WRuponse, 
&WNsUon MdUOblIi~Add 1080 
(CERCU), 

p.e., sod& Y%(3 '(1) g ~ ~ n mfor 7 FIddnl Ina.E1iude, FqrcMe, and 
denttying uld m n g  m@naure and RWmtludeAcf IFIFRAJ:.. 
a n m  ofno- rout& d pol-, and 
(2) proc-. pmdvw,ud m*hodato 3 Netlono1EnnrwrmnWPolicy M(NEPA); 
ewcol polluuon. . .7. 

3 F o d ~ ~PolkyandMmapomontAd 
3 M m U I  recamon tfw Wont to wMch -ton (WM),

supporlMlanudbblogUcommunitios 
[Su. 305(b)J: 9 The flrhandWklIlh ConsomtbnAct of 1OBO 

3 .LHIM*R of U e  tmphic aialusand hmds 3 Matfne Pmtection, Reaeuch. andSamhwiea 
IS%. 3141: Ad 



a Fish and W U e  Coordi~lion Act, as 

~mendeu~n
iss5 

A 8ummay 01 th. applicability of these Acts for 
.areasing ecological impairments may be found in 
Risk Aasrssmmt Guidance for Supedund.Environ-
mrntai Evaluation Manual (Interim Final) 1989. 

Omsr frdrral and State 8g.ncies can also 
bmalit from using bidogical uiterie to evaluate the 
biological integrily of rurfacs weten within their 
jur~adiclionand lo the effects of specific preclices on 
surleca water quality. Agencies that could benefit in- 
clude: 

1	Depertmml of the tnterlor (U.S. Fish and 
Wildlife Service, U.S. Gwlogical Survey, 
Burrau of Mines, and Bureau of Reclamation. 
Bureau ol  Indian Amirs. Bureau of Land 
Management. and National Park Sew~ce). 

7 Deprttment of Commsrse (National Oceanic 
MU Atmospheric Administration. National 
Marine Fishener Servic.). 

3 	Drpartmmt of Transportation (Federal 

Highway Adm~n~stration) 


2 Daprrtment of Agrlculturr (U.S. Forest 

Sewrce. So11 Consewat~on Sew~ceJ 


3 Department of Defmre. 

3 Army Corps ot Englnean, 



The Conceptual Framework 


Biologiul integrity .od the determination of 
uso impaimwnt through assesammt of am- 
bient biological cornmunitlea fonn me f ~ n -

dation for biological criteria development. The 
effectiveness oi a biologiWd Criteria program will 
dewnd on the devebflent of quality uiteria. the 
refinemM of use dPI I Is  to s u p w  narrative 
criteria, and w e u l  sppliution of scientific prin- 
ciples. 

Premise for Biological 
Criteria 

Biological criteria U e  b u e d  on the p r m i w  bal 
the rtnrshrre and kc tWt  ot an aqwlic biologid 
community within a rpci(lc Mbbt pro* u i U d  
information .bout the@ily d whca WUem. Ex-
isting aquaUc mmm~nlti@ainPII* 
not subjod to urVwowgenic imp& &Pi* 
biological integry ud uM u Uw M# porriMe 
00.1 lor mU 0I.LIy. MwQhplluna HNiron-
mentr are vlrhul)r nO~-ul&llnt bvm rwnob 
waters we Imp.E# by .Irpolutlon). miniwly im- 
pacted mlus e a .  M-w d Uw structure ~d 
functlon d rpwltc #wMlun#.r inhabiung unim- 
paired (minimally bnwrd)m t r n  provide the 
basis(or~S\ao\iSMn~ fwd"VIm m yrr . ( n w h .  
be compared to the condillon of lmpoctrd suflace 

ApwW mmmuddn assusedinwimw'ndwaters to dr(rm1ne implirment. wafaaedm (lop)pmwe a nknncr forevaluating
B a r d  on thlr prrmin, biological Viteri. u e  imMmno inih.m eor t lmi l~warubodies suflerq 

developed undu the w m p t l o n s  that: (11 wflace horn increasing anfhmpogmic i m w s  Wnm) 
water* subject to .Mnropogenic disturbance may 
contain impaired populalbnr or communilirr of 
aquatic organisms-the greater the anthropogenic 
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d b t w b ~ c e ,  me gmter  (hr IikJihood uwl mag-
nitude of irnprinr~~Cand (2) wrl.u wahn nU 
suqra to mthropegenic dlrturbance gemally can. 
tain un~mgllred (mp0pllatiWr a d  corn. 
munitier of aquatic organisms exhibiting biologkai 
integrity. 

Biological Integrity 
The expression 'biologiui integrity' ia used in 

the Clean Water M lo define the Nation's objec- 
tives tor water quality. According to Webatof's New 
World Dictionvy (1966). integrity is. 'the quality or 
stala of being complete; unimpaired.' Eiologicai in- 
tegnty has been defined M 'the abllily of an aquatic 
ecosystem to support m d  mlintain 8 balanced, in- 
tegrated, edaplwe community of organiama having 
a speclea composlllon, diverrity, and twruional or- 
ganizatron COmPUabIe 10that of the natural habiits 
w~lhina regton' [Kanand Dudley 1981). For the pur. 
pow1of biilogeal criteria, these conceflr we  wm. 
bind to dw- lhmtionJ dalnition for 
evaluating biological integrity in m le r  quality 
programs. Thus, biologiai integrity ie hu~ctionalty 
defined M: 

Ih.wndition MUIr aquatic oommunify 
inhabiting fhe unimp.ir.d waterbodies 
of a s~ectfitki habitat as measured by 
communtly sfruaure and Iunction. 

I1will otter, ne difliarlt to find unimpaired warm 
to define biologiul intrgcity andutablirh tlm refu-
ence condition. H o w m , Uw h.dure Md lundlon 
of qualic awnmunitlea ofhbhqtubty w U n  a nbe 
appmxinuted in wnl myl. OM ie to Wac-
lerize aquatic cornmunitla in ttu mod -
watem repreuntmlh d the mgbna whr. uch 
alter exid. In whue few a m unimprired 
sites u e  a d l b l *  chmaerlzu&n of lamt im-
paired aymnru -mate8 unimpaired aptem. 
Concurrent uulyric d hiatodd mwrda shculd 
WppiWMnl dO8CriPlion8 ofttucondition of leaat im-
paired ayatom8. For some rynm. wch u Id~rr. 
evaluating priooemkgiul intormation (the ncord 
stored in sediment profilea) un provide a measure 
of lea8 disturbed conditions. 

Surface waters. when inhabited by aquatic wm. 
rnun~ties, are exhibiting a degree of biological in. 
tegrlw. Howver, the be* representation of 
b~ological Integrity for a surface water shouid form 

the bu i8  for establishing water quality goals for 
lhou waters. When tied to the devebipment of 
bblogkd criteria. the realitier of limitations on 
biologkal integrity can be conridared and incor. 
Potated into a prcgressive program lo improve 
water quahi. 

Biological Criteria 
Biological criteria are narrative expressions or 

n~nWriCal valuea that describe the biological in. 
tegrily of aquatic communities inhabiting waters of a 
glven designated aquatic life use. While Diolog~cal 
integrity describes the ultimate goal for water 
quality. biological crlteria are based on aquatic corn. 
munity structure and function for waters w~thin a 
variety of designated uses. Des~gnated aquatic l~ le 
uses sawe as general slalsments of anained or at. 
tainable uses of Stale waten. Once establ~shed for 
a designaled use, b~ological cntena are guant~table 
values used to determine whether a use is impaired. 
and ifso, the level of impairment. This is done by 
spectying what aquatic Cwnmunily mc tu re  and 
funclion should exid in watem of a given designated 
use. and then comparing this condition with the con. 
ditlon of a site under evaluation. If the existing 
aquatic sommunily measurea fait to meet the 
crtteria. the use is considered impaired. 

Since b~olog~ca used tor D~olog~calsurveys 
criterla are capable of delectlnp water quatlly 
problems (use impainnentsl t h i  may not be 
detected by chemical or toxicity teatlng. .violation of 
biologiidcriluia is svmdHn uuw for Stater to in. 
itiete regulatory action. Conobontlng chemical and 
toxicity tuting data m no( r q u i n d  (Mough they 
may bedeainble) uWpp0rtlng widma to rvslain 
ldetermirutionof w e  imp.lmwn(. Homwr. a find- 
ing that bioiogkal cM.rle hilto indlate w e  impair. 
mOnl dou not mean tfm u u  h urtcinatically 
rtlaind.Cthw Widww, wch u vidrtlon of physi. 
alor dwmiu l  criteria or n W b  hatoxlcity tests. 
unUu, be u u d  to identify impJmwn(. Alternative 
toms of crileria prwide lndrpmdem uwsments  
of non.nrinmet. 

As sated above, biologkai criteria may be nar- 
rative atnemants or numerical valuw. States can 
e.bliah general nemlive biological criteria early in 
Program W o p r n a n l  without conducting biolog~cal 
essersrnenta. Once established in State rtandards. 
narrative biobgiCOI criteria form tha legal and 



m-c b u l r  for exputding bbloglcal M- protId tho fnOlt unrithre uu m d  wpport an. 
u mMd #OIUVIY programsneed03 to irnple- tidogradaticm. 
men1 nairatlve DlnHia M d  dovelop numerlc Several Statos wrrwtly u u  n~ro t i vocr~tsna. 
b'nlo~ica crmdr m a m e  MOlogical cntena Main., for exampk. ~ n a t k ocriteria ware estab. 
hould become pvt of State rWJ'atlons and iiahod for four c l a w s  of water quality for streams 
Uda. UW( rivers (we  Tabk 4). Tho clo8ailications wore 

based on the range ot g d a  inthe A a  from 'no d~s-

Narrative Criteria 
Nm&e biological critoria u e  genera slate-

qvants'cl aWnoMo M anminedoondttionsof biiogi-
cal integrily ~d water quality for a given use 
designation. Although r imilu to the 'free from' 
chomid watu quality criteria, narrative biological 
criteria establish a positive statement about what 
should occur withln a water body. Narrative criteria 
con take a number of forms bui they must contain 
several anribUtes to support tho goals of the Clean 
Water Acl to providefor the protectionand propaga-
lion of fish, shellfish. and wildlife. Thus, narrative 
uileria should include speak language about 
aquatic community churter is t ia thal (1) must 

charge' to ' p r o t e a i ~md poprgation of fish. 
shellfish, and wildlifr' ( C o u d m  and Oavies 
1987). Maine separated ita 'high quality water' into 
two categories, one thnt nilear tho highen goal of 
tho M (no discharge, C l ~ 8M) and one that 
rstleclr high imagfity but is mhimally impacted by 
human aaivily (CIa88 A). Ru statement 'Tho 
aquatic life . . . shall be aa naturally O#xlrs' is a nar. 
rative biological crfierion for both C k s  AA and A 
waters. Waters in Clara B meel the use when the 
tik stages of ail indigonour aquatic species are sup-
poned and no detrimental changes occur in corn. 
munily composition (Maine DEP 1986). These 
criferia directly support refined designated aquatic 
life uses (see Section D,Refining Aqualic l i fe Use 
ra~..;fi..*;~-.i...-".'.-"" ...,.

exist Ln watorbody lo mwt  a partlcukr designated 
aauatic life w..and 12) are quantiUaMa. Thw mud There nmotivo witad uo .1(.C(iva only if,as 
bo minento pmtea tho uw. ~ u ~ ~ o r t i n gatatiments Main* don*, -0 p h r w s  such as 'as 
for the crlerio should promote water quality to nmraily 0 ~ u n 'and hUtdaIrimonW' are clearly 
protect ttm moat naturai communw pwsible for the Op.raionaW defimd. R u b  for -piing proce. 
designated uae. Mechanisms should be established duros and data m y s i r  and imerpre(ati0n should 
in the standard to address potentially conficiing bwome pan of the rwulation or supponlng 
multiple uses. Narratives snould be wrlnen to documentat~on.Maine was able to develop tkese 

criteria and their supporting statements uslng avant. 

TaW 4 . - A q W C  L lhC U l l u ( h  Bchmr tor Y. ln 'a  R l n n  and St-.. 

.-.-..--.-
STRUYS YANAOEUEM PERSPECTIVE LEVEL O f  OlOL001CAI. INTEGRIT* 
C t m  M ~ W Y*OW lot W . U v 1 M n  Of Aauaw: 111. shall b.as ~ l w a l l vaccvrs 

CIaaa A HghqwHy wa1.r wm 11mlt.dhum- Aquall~In@shall D. Mnlfurally occurs 
~Muw..0irchug.s resVlctM 0 nowntxt 
PlOCIUW . U  Of )ugW 1llal.d WUtWltw of 
p ~ . U ( V ~ ~ t O f f b . l ( . r m u l l t m r U a n r q
walw. IllvoummMpmw. 

Clur 0 Good a l ( y  waln. hschmrp.. ol wan treated ArnbUnt wa1.r qu.My ud(iermlla wpwrt ufe 
emu~mtumh MP(.dilution pnrmn.d. slag*$ ol all mrmlp.nw aaualr rpbcles On'v 

wndelnmanlal ch.ng.r ln communlly
comwuhon mly  arur. 

Claw C Lowbat qwlw w.lw R.gumrmm~conrtstent Ambent watw qual'lly rulknnt to support !*e 
with mtmm goals ot me 1W.ral Watw Quel~ly !ole stages 01 at m d i a  hsh -let
Law (IiskabHand rnlmman~~l Chanaes mn soecm -~lwn mav o c c ~ .:;! 

scructGre aM hncIrn 01 im aauacc commL- .. 
must W malnlUned 

IS 



able dUa from wetor quality pmgnms. To hnpC 
ment ih.cfilefla aquUc Ilk InhablUng unimpaired 
w a r n  must ba twuured to quanlily lhe cnteria 
S U U N n l  

Nuralve cri tuh can take more speci(lc forms 
llluslrated In tha Malne example. Narrative 

crl(em nuy include spdnc d u w s  and species ol 
orgdams ih.1 will occur inw a r n  for r given desig- 
nated use. TOdevelop mese nuraliies, n r d  eva~ua. 
tions of refemnee conditlcm am newssay lo 
idanll(y biologlul ammunlty Ulrlbtites VUt differ 
signilkally betwnn designated uses. For example 
in me kk.na8s usa class h i d  GUM Coastal 
gmmoion (i.e., soum Central Plains) me narrative 
uilerion ma&: 

'Sfrums supporling divene 
communities of lndlpmus or adaptad 
sprcies of fish end Other forms of 
aquatic life. Fish m u n i t i c s  ara 
characterized by a limited proponion of 
sensiliw species; sunfishes are 
distinctly dominant, lollowed by dulers 
and minnows. The eanmunily may ba 
g e n n l w  ciwractuind by Unlolbwing 
rlshes: Key Sp.eies-R.dnn shlnec 
Sp0n.d sucker. Yolbwbullhead. Fk'u, 
Slough &Her. G n s l  pkkdld: Indkatof 
SprcicrtPirate perch. Warmouth. 
Spotted sunfish, Dusky darter, Creak 
chubsucker. Banded pygmy sunlish 
(Arkansas DPCE 1988). 

In Connecticut, current dWiQMtd u r n  are 
supported by narratives in tha standud. For ex. 
ample, under Sudace Water Classifiealions, Inland 
Sudacm Watrn Class Ah the Doalg~ted U s e  is: 
'Existing or pr0por.d drinking m t u  supply; hsh 
and wildlife habit.(; rwealionai use: agricultural, in- 
dwtriri supply. and olhr Wrposes (recreation uses 
may ba restricld): 

Rw supponing namllvw include: 

BmMlc inwRobnt.r which inhat4 loflc 
wrtem: A Mde vulrty of 
rn8em/nwrt&nm 1.x. ~houhi~ ~ I I Y 
De prment and all funuiona~ g m p s  
$houldnormally be wllrepresented. . . 
WatU qmlily shUIbo sutliclmt to 
SusOin ldiwne m8V@nvwtabr.ta 
communily olindlgmws species. Tus 
wiihin the Orden PIecoptera 

(shurefiiw). EphMNmptw8 (maflies). 
CdOOptEf8 lb..ilEI). Trkoprdla 
(uddisnies) should be well mpresanted 
(Connecticut OEP 1987). 

For these narratives to ba elfactive in a biologi- 
cal criteria program exproasions such as 'a wide 
variety' and 'functional groups should normally be 
well represented' require quaMiRabie definitions 
that bec2me part of th. atandud or supporting 
d w n :  :[:on. Many Stales may (Ind such narra. 
lives in ~ l rstandards already. It80. States should 
evaluale current language to determine if it meets 
the requirements 01 qumtiiable narrative criter~a 
Ihat support refined aquatic iihuses. 

Narretiw bidogiul criteria u e  similar to the 
traditional narrative 'Irw frOm~' by providing the 
legal basis for standards applications. A slnh 'free 
from' could be incorporated into standards lo help 
suppod narrative biological criteria such as 'free 
from activilies lhat would impair the aquatic com. 
munity as it naturally occun: Narrative biological 
craeria can be used immediately to address obvious 
existing problems. 

Numeric Criteria 
Numerical indices that serve as biolog~cal 

criteria should descnbe BXPeCtBd ana1nat:e c:n-
munity anrhtes for different designated uses. It 1s 
Important to note lhat full implementation of narra- 
tive criteria will require similu data as that needed 
tor developing numeric criteria. At this lime. States 
may or m y  not c h o w  to establish numeric crileria 
but may find it an effective tool for nguiatory use. 

To derive a numeric ukerion. m aquatic am. 
munily's r(ru*ure and funclimis measured at refer- 
ence sites and set as a reference condition. 
Examples of relative measures include similarity m-
dices, coffients of communily loss, and com. 
PuisoM of lists ol dominant tuu. Musurer ot 
existing community slrumra luch u species rich. 
new. prwrncr w rbrenca d hdiutor t~ and 
dirtritulion of trophic feeding group am useful lor 
establiihinQ the normal range oi community com. 
ponents lo be expected in unimpaired systems. For 
example. Ohio uses criteria tor the warmwater 
habit.1 use class based on multiple measures in dif- 
ferent reference silos within the same ecoreglon. 
Crlleria are set as the 25th percmtde of all b~ologl- 
cal index scores recorded at established reference 

mailto:m8V@nvwtabr.ta


alter withln the .cor.pbn. Exceptlonrl w m a t e r  
habut Index cMw* am n t  at me 75th pemntilr 
(Ohb EPA 1 W ) .  ApplkaUona such as this require 
an extensive data b u r  and multiple reference sites 
for each criteria value. 

To develop numeric biological criteria, careful 
asserwnenls of biot. inrdennw,ites must be 
conducted ( ~ a.~ 1986). h~ mereare~ 
numerous way, to u o s s  community structure and 
func(kn in sur(au watm. No angle index or 
meuurr is universatly recognized as(ree from bias. 
It isimportant the stnngths weak.to ovalUate 
nesses of different a s a m a n t  approaches. Amultl. 
metric rpprwch mat incorporates infonation on 
spwies trophic comporitlon, abundance 
or biomau+ Conditionand is reC,,.,,. 
mended. Evaluations that measure multiple cam. 
ponents of communities are also recommended 
because they lend to be more reliable (e.g.. 
measures of fish and macroinvertebrates combined 
will provide more information than measures of fish 
communities alone). The weaknesses of one 
measure or index can often be compensated by 
combining it with the strengths of other community 
measurements. 

The particular indlcea used to develop numeric 
criteria depend M the type of sudace wale* 
(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 Biolic Integrity developed for mid  
western streams (Karr el al. 1986) are more easily 
interpreted and less varlabb than fluctuating num- 
bers such upopulation size. Future EPA technical 
guidance documents will include waluations of the 
elfectiwmesa of different biological a u ~ qand u-
sessment approclchea for mearuring the biological 
integrity of surtue Water types IM provide 
LluidenCe on = a ~ t a b i e  eppmechea for biological 
criteria dwelopmrrt. 

RefiningAquatic Use
Classifications 

State standards consist of (1) designated 
aquatic life uses. (2) criteria sufficient to protect the 
designatsd and existing use. and (3) an an. 
tidegradation clause. Biological criteria supper( 
designated aquatic life use classifications for 
plication in State standards. Each Slate develops its 

own designated u n  c*rrMuUon system baaed on 
the g*rnlc w n  cited In the M (e.g., protwion 
mj popagatlon of flah, shellllah, and' wildlife). 
DIsianated uses are intentionally general. HOW. 

ever. Slates may dovelop subcategories within use 
d'slg~tlons to refine a d  c*ri(y the use class. 
C*riflcation of the use dass is particularly helpful 

~when a variety of surface w a r n  with distinct char. 
acteristics fit within the m e  use dassq or do not fit 
Well into any categorl. Determination of nonanain- 
"wnt inthe~waters may dimcult and open to al- 
temative interpretations. If a determination is in 
dispub, rWiatov actions will be dimcult 10 aC- 
WmP'i*. Emphuizing aqurtlc community structure 
wifhin the designated use focuses the evaluation of 
aRd"enVnonattainment on the resource of con- 
Gem under the A*. 

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 uses may be on the b u l s  of attainable habitat 
( q . ,  cold versus warmwater habitat); innate dY. 
ferencea in wmmunlty almcture and function, (0.9.. 
hlgh w n u s  low spodoa richness or pmducttvii): or 
fU"d~enadifferenws in l m ~ n ~ tcommunity
Wmponenb (04.. warmwater flsh communities 

by bass Special uses 
"lay be designated to protect paniculw'Y uni. 
We. Sensitive, Or valuable aquatic species, com. 

Or habitats. 

Refinement of u r  cluses can be ac-
compllshed within cumnt Slate use dersification 
structures. Dala collmed from bbSuNayt as pan of 
a developing biocritnia program may reveal unique 
and consistent dlffnmcoa among aquatic com-
munitloa inhabiting dif fwnt w e t m  wlth the same 
deslgruted use. M e u w b l e  blologlul attributes 
could thm be used to separate one d a u  into two or 
more c luua .  The rerul  is a mflmd aquatic lib 
use. For example. in Arkanaaa the benekial use 

'provides for the prot.sllon .ndpropaga. 
Uon of flh.aheiMsh. and othn forms of aquatic life' 

OPE 1 ~ 0 , .  use 1s suMir ied into ,a 
Trout. Lakes and R ~ w w o ~ ,  and Streams. Recog. 
niZhg that stmam dumd&tlcs acrou regions of 
the State differed rcologkuly, the State further sub. 
divided Stream designated uses into eight acdi. 
(lonal Uses bsted on regional characteristics (e s 
Springwatsr-influenced Gulf Coastal Ecore~ion 
Ouachita Mountains Ecoregion). Within this c!as. 
silication system, it was relatively straightforward f a  
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Munaaa to ert.blllh drWlod .dnun(lve biological 
d(.hthat ildq w U c  community components ex- 
pmod in each awmglon (see Nuratiw a te r ia  
seulgn). m m e  namtive cdlula can then ba used 
to establish whalher the u w  is impaired. 

Statw u n  refine very general designated uaes 
wch u Mgh, mrdlum. and low awDIy lo rpdfic 
catrgorka mu  include meuumble rcologkd chu. 
.clubllcr. In Maltm, for example. Clam Mwatem 
are dellnee uWe higheal classinullon and shall 
be rpp~ied to w a t m  wh~ch v e  w t r ( ~ & ~  natumd 
rewurces and which should bo presewed because 
of their ~ological,  social, acmk,or recreational im- 
portance: The designated use includes 'Class AA 
waters shall kof such quaity that t h y  are suitable 
. . . u habitat for fish and other aquatlc life. The 
habitat shall be characterized u free nowing and 
natural.' This uae w p p m  d W ~ b P ~ ~ n tof n u n -
I v e  crlterla based on biological chancterlstlcs of 
aquatic communities (Maine DEV 1986; see the 
NmatIve Cfltmia sectbn). 

Blobg4ul criteria that include llsta ofdominant 
or typlul aped08 expded  to live in the wtface 
water are pu(lwlufy alfadh. DourlpUons of im-
palrod condi(lonr u e  more d i h l  lo interpru. 
Howrwr, blologiul cr l tuh m y  n n W n  r(Ltemmtr 
concerning which sprcim d m i n u e  dlsturkd siies, 
as well as Ihow spwies expected at mlnimaiiy im-
pacted sites. 

Most Stater collecl biological data in current 
programs. ReRnlng aquatic life use classifications 
and incorporating blologieal critula into atanduds 
will enable Stales to evaluate these data more st. 
fectiv*. 

Developing and 
Implementing Biological 
Criteria 

Blobglul criteria dwdopment and implamen. 
UUOn in slanduda rewire an undetslandim of the -
sel&on w.lwti&,sitea, ma-.,,,d of re(uence 
ur(MlMt Of aauatlC COInmuniW atruCtur0 and hnc. 
tim. and hypothris t r t i ng  undm me scientific 
m'mod' medevelopmmW proms Isimpor(ant for 
State water qualify manapefa and their stan lo un-
dertlMd to promote anW&.e for re,,,urce 
and staff needs. This mapr prognm dement deser- 

v r  carrtul cMuidrntlon and hu born wpuated 
ovl in PanIiby chaptu tor each dwdoprnmW step 
as mtod blow. Addiilonal guidance wU1 b.provided 
in future technical guidance documrnb. 

The drvelopmmtal process is l l lu~wted in FIO-
ure 3. The flrst step is aUbliahing narratlw uiteria 
Inaludvd8. However, lo wpport thrre narratives. 
standudired p t a o l s  need lo k dw.lopod to 
qwnlUty th.nuratlvm for uiterir imphmmtation. 
my should Include data edlrctlon pmcedums. 
selrctlon of retumce s i t r ,  quality a a a u r ~ m  and 
auaiity contrd procedures, hypolheais tasting, end 
sIatiMieal protocols. Pilot studies should be con- 
ducted using Ihese standard protocols to ensure 
t h y  mea the needs of the program, test the 
hypothese3. and provide e n ~ t b e  menawes of the 
biological integrity of rutface waters in the State. 

Flgun 3.-Pro~es# lor tha Development and 
Impiamentatlon of fliolopisat Criteria 

Oavetop Standard Protocols 

(Test PrOtOeOl san¶ltlvlty) 


Identify and Conduct BLoruwtyr at 

Unlmpa~redReference S~tes 


Conduct Biosuways at Impacted Sitar 

(Oetarmtne Impa~rment) 


r /  \r 
1mpair.d Conoltion Not Impaired 

O~agnoreCause 01 NOAction Rtqu~red
Impairment Conttnued Mon~tor~ng 

Recommended 

Implement Control 

Fig. 3: Irnplamenlatlon of b~olop#calcnt.na rawores the ,n. 
111alaalullon 01ralwmce solas end cnaraclanzatdan~.~ ol rm,..-~~ ~ ~ . - - .-- -

dent aauatlc cornmunltlas innaotttngtImsa ~ ~ t e atoaataol~sn 
tne refennee conaltoon am o~olog~cal ..-.cr,telma. Alter c,#te,la 
aaveloamant.~.. irnaaetw .Itas rr. .u-nustm u.,..n in. 
btO¶uNavPrOc.duna to assess rasodent blot~. I t  trnpalrmcnt 
IS IOund, d8aDnosls ot cauaa r~lllaaa lo lne implemantat#on 
of a ConIroL con1,nuw rnon$tor#npsnould accompany con. 
trot tmp~err~ntaton ,n.to aatarmne the ettecl~v*neas01 
te"enl~on Monsrorln~1s also recommended where no qrn 
oalrrnent 8s found toensure tnal the suflace *ale, mabnla\ns 
0, mororsa in ~u.I,~v 



Th.nan sup la enabfbNng th.rekence con- 
dlUm forth. a u h w  water Wing tasted. Thb refer- 
ence may be alM apnMo or reglmal but must 
establbh the u-red baseline for comparlwn 
(sea Chapter 5, RIe Reference Condbion). Once 
r.lermce s i t n  are selected, the blotogicai integrity 
of the rite must be evaluated using carefully chosen 
bblogkd surveys. Aquallty biological survey will in-
dude mulliple wmmunlly components and may be 
measured using lvafirty of metrics (see Chapter 0. 
The Biologtcsl Suwey). Establbhing the reference 
condimn and conducting biological surveys al  the 
reference locations provide the necessary inforrna- 
Uon for establiMng the biologial criteria 

To apply biological criteria, impacted surface 
waters with comparaMe habitat Cheracteristics are 
evaluated using the same procedures as Ulose used 
lo establish the cr~teria. The biological Survey must 
support standardized sampling methods and statia- 
lical protocols that are sensitive enough to identity 
biologically relevant dinerences between estab- 
lished criteria and the community under evaluation. 
Resulting data are compared through hypothesis 
testing to detenlne impairment (see Chapter 7, 
Hypothesis Testing). 

When water quality impairments are detected 
uslng biological criteria, they can only be applied in 
a regulatory setting ifthe cause for impairment can 
be identified. Diagnosis is iterative and investigative 
(see Chapter 7. D~agnos~s).Slates must tnen deter. 
mine appropriate actions to implement controls. 
Monitoring should remain a pati of the OiologicaJ 
cr~teria program whether impairments are found or 
not. Ifan impairment exiats, monitoring provides l 
mechanism to determine ifme control etfofl (Inlu- 
ventlon) Is resulting in imprwad water qwlity. If 
there la no impalnnent, moniloring ensures the 
water ~uall ly b rnahtalned mddocuments any im-
provements. Whm Imprwments in water quality 
are detected thmugh monitoring programs lwo ac- 
tions are rswmmanded. When reference condition 
waters improve. Malogical crhrla valuea should be 
recalculated lo renect this hlgher level ol integrity. 
When impaired surface w a t m  improve, states 
should reclassify W s e  w a t m  to retlect a ranned 
designated use wiVl a higher lwd of biological In- 
tegrlty. Thls prwldea a mechanism for progressive 
water quality improvement. 



Integrating Biological 

Criteria Into Surface Water 


Management 


Intograung biologM criteria into existlng Water 
qWllly programs will help lo aaaoas use anain- 
mentlnonaltainmmt, i w w o  problem db-

cwety in spednc w.lerbadlea, and characterize 
overall water nsoune condillon within a region. 
Ideally, biological criteria function in an iterawe man-
ner. New biosurvey informaNon c~ be used lo reline 
use classes. Relined use classes w~ll help support 
crlterla developrnenl and improve the value of data 
collected in biosurvbys. 

Implementing Biological 
Criteria to  inmomlabloloaiul ctifwfa inm wafud i t v  

. .~ .-...~~- -- ~.,~ 

~~

dala w~ll i n m d n g l y  ruppon curreM use of Ofwrlmwarm. 

blomonitoring date to Identify wmer quality 

problems, a s w w  thelr awwlty, and a# planning reapgnu to w n d m l a  of me Fodual Water Pol. 

and managemon1 prlodtlm (w remediatlon. Monitor. lullon Control Act raqulrlng rrcondaty efluent l~rn~ts 
ing data m d  Mologlcd crlterla shouldbe wed Utho lor all wastewater treafmant planta, North Carolma 
outsel to help make regulalory doddons, develop became ernbroilad in a debate owr whether meet- 
appropriate controb. and evUuUo th. dfe&meas ing seconduy eilluent limits (at considerable cost) 
of controls once they ore implmonted. would result in b d e r  water quality. North Carolma 

Tho value of inwrporatlng blologid survey in. chose to test the effsetkmeaa of additional treat. 
formarlon in rogulotocy programs is illuamted by men1 by conducting seven chemical m d  b~olog~cal 
evaluations conducted by North Carolina. In surveys before and alter facility upgrades (North 



CWIM DNRCD 1W). Sbldy m d t a  hdlatd that 
modode lo oubsmnUd lmdnam improwmmls 
wore obaowed al ah oi w w n  faclt ln. Blologlcal 
survey8 m m  u r d  a an efldmt, mn.eflecI'we 
monitoring tool (or u u u l n g  In-stream improve- 
mema onor faci l i i  mobmhtlon. Narlh Cuollna has 
also canduded campmtke sludin of benthic mac- 
rolnvrrtobratr s w y r  and c h ~ ~ - q m d 0 c  and 
whok-efllwm w.luaUons to u-8 nnaltlvitks of 
thew m a a u r a  for dmlrctlhg impairments 
(EaglesoneIal. 19801. 

NwLUY. b ldog ld  aiteria prwlde lIEbnl ik  
hunework tor avduatlng bbrunrey, bioUUssment. 
and blomonltoring data mlkcted In mast Statas. Ini. 
1i.l appiicauon of narrative biological criteria may re- 
quire only an evaluation of current work. States can 
use available data to define variables for choosing 
rehrmce sites. selecting appropriate biological sur. 
veys, and assessing the response of local biota to a 
variety of impacts. States should also consider the 
docision criteria that will be used for determining ap-
propriate State action when impairmenl is found. 

R m n t  enons by -.l Statn to develop 
bio1ogk.l crmrrla for freshwater streuns provide ex- 
cellent exmplm for how biological criteria can be 
integrated into wa t r  quality programs. Some of lhis 
work is drrcribad in th.t4atlm.d Wefirshop on in- 
strum Blolcglcal Monitoring and Ctitul8 pmceed- 
ihgs whlch reeommendW that 'the concept of 
biological sampling should be integraled into the full 
spectrum of Slate and  F W M  surface water 
prcqrams' (U.S. EPA 1987b). W e s  u e  activdy 
d.wloplng bbbgkd ~ u a ~ ~ n tUld uiteria 
Pmgtunr;oavII.lhave programs inplaa. 

Biological Criteria in State 

Biological crX.h are u w d  W i n  water 
programs lo rWlft# usa dalgnations, establish 
ui?erla for d@tmldng urr mlnmmt/mnaWn. 
mem. Naluale eWm3Jvn.u at cwrmt water 
Progmmr. and d e w  and chamctuize p.rvlwsly 
unknown lmplirments. Tknnty Staler a n  curnntty 
using some form of dvldudk~ambknt biologlul 
au rumerm La darmh the status of biota within 
State weten. Lavels 01 ofloct vary tmm Maassess 
menl studbs to fuUy deveiow blologkai cntena 
programs. 

FiR.m State8 are dowloplng aspocta of 
Mol0Qk.l a w S m e t r  Vlat wll suppon future 
dewlapmont df biological criteria. Colorado. lillnoir. 
Iowa. Kentucky. Massachurnns, Tennaure, and 
Virginia wnduct biological monilorihg to waluate 
bblogkal co+ilions, but u e  not developing bblogi- 
cal criteria. K a n w  is considering using a cam. 
muniry mark for water r e w r t x  e a n ~ e n t .  
Arkona ia planning to rMrw axr@otm for the 
Slate. D.laware. Minrusou. Texas, and Wlmnsin 
are dmdoping sampling and evaluaUon methods to 
a m  to tuture biological cMwia programs. New 
Yofk !+ proposing to urn bidoglcal c A h  for site- 
sparmc evduatlons of water quality 1mp.lrmmt. 
Nebraska and Vormont use informal bioiogicd 
criteria to supporl existing aquatic life narratives in 
their water quality standards and other regulations. 
Vermont recantiy parsed a law requiring that 
biological criteria be used to regulate through per. 
m~ttinqthe indirect discharge ot sanitary elnurnts. 

Florida Incorporated a specific biologics 
criterion Into State slandards for inveriebreta 
species dlvasity. Species diversity wiihin a water- 
body, as meuund by a Shannon dlvenfty index. 
may mlfall b l o w  75 percent of r e f e m  values. 
This critwion has b m  umd Inenfommmt cues 
to obWn injunctions and m t u y  utlkrnenla. 
Florida's approach is very specific and limits alter- 
native applications. 

Four Stateo--Arkansas, North Carolina. Malne. 
and O h i w r e  currently using biological criteria lo 
define aquatk lik use c luai t lut ion~ and enforce 
water quality standards. Them staler haw made 
biological crltmia an integral plnof mmprehmsive 
waler quality programs. 

Arkanue r m o l e  ila aquatic libundurifka-
tiom for e.ch of the Slate's rcongiono. Tkbhas al-
IMd inany cities to design wutM. lw treatment 
plant8 to meI re.ll8Uc atlainable d b h d  m e n  
condiUa~ud o t m i n d  by Uunw crlt.rlr 

North Carolina dwUoped blobgW cdtunrrle la 
awaa i m p a i m  to quak life uwawanuw-
rstlws Inthe Stale water quJiiy rtmnduds. Blologi- 
cal data and crlterla u e  u n d  extmmlwly to identify 
waters of spacial c o m m  or lhunwiih eweptlonal 
water quality. In addiUon to the High QarulQ Waters 
(HOW) and OulsWing Resource Watm (ORW) 
destgnations. Nutrlent kns i tke  Waters (NSW) at 
rlsk for eutrophicallon are asseaoad using biological 



WnerU Although apodk bkbgM maaaures are 
not in VH r.gulltlons, strengthened use of biologiul 
monllwlng 6.111 to w e u  water aualily is beiw 
proposed for incapomlion in Nonh Carolina's water 
quality slandardr. .Mrlne hu enacted a reveaed Water Quality 
CloadRcatlkn law specifically designed to facilitate 
lha urn of biological rssessments. Each d four 
water dassea contalns dascflptive aquatic life condl- 
lions mcessary to emin mat claw. Based on a 
statewide database of macroinvertebrate samples 
collected aC?ve and below outfalls. Maine is now 
developing e set of dichotomous keys that sews aa 
the biological critaria. Maine's program is not ex- 
pected lo have a SQnificant role in permitting, but will 
be used to assess the degree of protection afforded 
by eMuent limitations. 

Ohlo ha, instituted the most extensive use d 
biological criteria for defining use claSs~fications and 
assessing water quality. Biological criteria were 
developed for Ohb rhren and streams using an 
ewrogiona~ r a k r e m  site approach. Wmin each of 
the State's fiva ecoreglona. cmefia for three Mologl- 
cal Indios (two for h h  wmmunitles and one far 
macroimrertebrates) were derhred. ORio successfully 
uws biologlcal crilerla to demonstrate atlainment of 
aqualic iihuses and discover previously unknown or 
un~dentified environmental degradation (0.g.. twice 
as many lrnpalred waters were discovered using 
b~ologicalcrlteria and water chemisvy together than 
wen found using chemistry alone). The upgraded 
use deslgnalioM baaed on blologlml crlterla wen  
upheld In Ohb cou* andVw Ohb EPAruccessfully 
proposed their biological Qitarla far Inclusion in Vie 
State water qodity standards regulations. 

Sllrtea and €PAhave teamed a great deal aboul 
Ihe e f lecwmra of inlogratad biological asses- 
ments through Um ddMlopment of biological critefla 
for ~ s h w a t u  @earns. This infonnaliin is par- 
licularly valuable In provldlnp guidance on dewlop 
ing biological criteria for other surface water types. 
AS previously dlscussod. EPA plans to produce sup 
parling technical guidance for biological criteria 
development in streams and other surface waters. 
Production of these guidance documents will be 
Wnlinpent on technical program made on each sur- 

f ~ .water type by researchers in EPA. States and 
M.radamic community. 

EPA will also be developing outreach work. 
$hops to provide technical assistance to Regions 
and States working W a r d  the implementation of 
biotogical criteria programs in State water quality 
management programs. In tha interim. States 
should w e  the technical guidance currently ava~l. 
able in the Technical Support Manual(s): Waterbody 
S u m p  and Asses~en tsfor Conduch'ng Use At. 
ta/nrblUfyAnalysis (U.S. EPA 1983b. 1984a.b). 

Owing the nexl triennium. Slate effod will be 
l o w e d  on developing narrative biological cnlena. 
Full implementation and integration of b~olog~cai 
uitada will require sweral years. Using available 
guidance. States can complement the adoptlon of 
narrative criteria by developlnp irnplemen1at:on 
plans that include: 

1. Deflning program objectives, developing 
research protocols, and setting priontles: 

2. 	 Determining me process for establishing 
reference conditions. which indudes 
developing a procew to evaluate habitat 
Chuactaistlcs: 

3. 	 EsWlshing bidogical survey protocols that 
include justincations for surface water 
classiOcelions and selected aquatlc 
community components to be evaluated: 
and 

4. 	 Developing a formal document descrlblng 
the rmomhdesign, qualily assurance and 
quality contmi protocds. and required 
Wainingfor slat. 

Whelher a State begiM with narrative biologlcal 
criteria or moves to fully implement numeric cr~ter~a. 
the hift of the water quality program fdcw from 
source control to resource management represents 
a n m r d  progression in the ewlution from the tech- 
nology-Wed to water quality-baaed approaches in 
water quality management. The addition of a 
bblogkal parspathre allows water quality programs 
to m e  directly address the 0biecl'~es of the Clean 
Waw Act and to'place theic eUonr ina contex? that 
is more meaningful lo the public. 



Future Directions 
94ologicol uawbm w  locw on roaident aquatic 

communilks in s w h a  watm. They have the 
po1enti.l lo expand inwp.towud gruter ecolcgi- 
UIintegration. Eco1ogic.l criteria m y  oncompass 
the ~ l b & M  aquatic cmmuni t i r  in rur loo waten. 
wildtik s p r a u  tha w e  th. runr aquotlc resour- 
ces, m d  the aquatic community inhabiting the 
gravel and sedimmts underlying tho rurllce weteo 
end adj.cent land (hyporheic zone); specific criteria 
may appiy lo physical habitat. Thouarea m y  rep. 
resent only r fw pouiblr options for biological 
crkeria in the future. 

Many wildlife species depend on aquatic resour. 
ces. if aquatic paputaliin levell decrease or if the 
OistributiQn of species changes, f w d  sources may 
be sumc~ently altered to cause problems for wildlife 
speclea using aquatic resources. Habltat degraaa- 
llon thal impslrr aquatic speclea wlil oflen Impact 
lmponant wildlife habitat as well. These klnds of im. 
patrmmtr are likely to b.detected uslng b~olog~cal 
criteria u currently formulated. In some cases. 
howwer, uptake of Contaminants by resident 
aquatic organisms may not r r u P  in altered struc. 
lure and IUnction of the aquaUC community. There 
\mprcts t r y  go undetraed by biological cr19ria. 
but could resun in wildlife impairments because of 
bioaccumulation. Future expansion of biolog~cal 
cr~lerla to include w~ldllfe spacles that depend on 
aquatic resources could provide a more lntegratlve 
ecosystem epprooch. 

Rivrn t r y  have e subsurfow flood plain ex- 
lending u luuWa kibmotm lrom lha river chan- 
not. Protlmmuy maw Vanrporl U I a h t b n s  made 
In !ha Flathead Rivw basin in Momuu indicate that 
nutrientr discharged lrom M i  sublUIIece n w d  
plain may tw cnvW to biotic pmducllvlly in the river 
channel (Stonford udW u d  1968). This i s m  unex. 
p~oroddihrnrion in -logy oi p w iriver beds 
and potemlally In othr 8urfur mlm. 
k dircuued in Chptar 1, physical integrity is r 

n u e r u y  wndnion for biological integrity. EsUb 
lishing the referonce condition for biological criteria 
requirr wrtwl ion of habitat. The rapid bionssers- 
merit pro(ocD1 wwid r r  a good examp. of the im. 
ponance of habitat fcf interpreting biological 
asseslments (Plafkin rt ol. 1969). However, it may 
be uartul to more fully integrate habitat charec. 
teristica into the regulatory proceaa by establishing 
craeria b r e d  on the necessary physcal structure of 
hablats to ruppor! ecological integri i  



Part I1 

The Implementation 

Process 



The implementation of biological 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 unpairment 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. 



The Reference Condition 


A key step indwdoplng values for supporl- 
ing narrative and creating numeric biologi- 
cal criteria Is to establish reference 

condllona: Iban essential feature of environmental 
impact WalWtlW (&em 1879). Reference condi- 
tbns w critical for MironmrnW -W b e  
cause standud exprrimmW mbols  are moly 
available. For moat wr(aw waters, basdine data 
were no( d M o d  prior to M Impact, thus impair- 
ment mwt be infamd fmm dlfferonees between the 
Impact 8lle and established references. Reference 
conditions describe the charaderlslia of waterbody 
segments lead impaired by huMn activities and are 
used to deflcw alt&abb bidogid or habitat condl- 
tbnr. 

Wid8 varl.blllty among MWw~face w W n  
a u o r  th8 cwntfy rrrJUng from dhuUe. Imd(orm, 
and other mnphlo dllfnncoa p m n h  the 
dweiopmmt of rWlaml& n l r e n a  md lons .  
Mo8t State8 w Uao too huomgenmua for single 
referen# condIUon8. Thw, e u h  State, and when 
appropriuo, ~ m u pd S t a r .  will 30nrponslble for 
r l ~ n gmd r rnWfngnlmncr waters W i n  the 
Slate to er(.blIUI Uobglal aHuh for a g l m  sur- 
f a a  water typo or crtegoy ddodgnrted use. At 
las t  swan ModsforaUmUlngaminebb WndC 
llmsforswam8 h.vr boonIdmUMd (Hughesota. 
lS86). Muy of mow con apply to dher wtface 
w W .  Refnonew my bo ~ I l s h o dby defining 
model8 of atlcrlnrblo condIUon8 b o d  on hiatorid 
data or unimprlrod hablta (0.g.. meams In old 
growth forest). Th. n f e r m a  condition established 
as before-after cmperbons or concurrent mea- 

wre8 of the reference water and impact sites can be 
based on empirical dala (Hall ot al. 1989). 

CwmUy, two principal approaches are used for 
establkhlng the referma cmditlon. A State may 
OHto (1) identity ail.-rp#mc rdermce s~tes for 
uch omluatlon of imput of (2) select ecologically 
slmilu rogbnal r e f o m  sit# for awnparison wlth 
lmprctod rites within th8 m e  region. Both ap- 
p m & r  dapmd on ~ l w t l o n s  of habilats to en- 
w n  that waters with rimltu habitats are compared. 
Tho designallon of dlwoIe habitat types IS more 
fully developed for stream and rivers. Development 
of habtat lypes for lakes, wetlands. and esluartes 1s 
ongolng. 



1-J.u( H u g hsite1mp.dme.ndUms 

bblogW u+rttment for both u w r u m  m dSite-Specific Reference downrtrem siln, is oflen needed to be conMent in 

Condition conclusions drawn from meso dala (Green. 1979). 
Howrvrr. Mmore data ere collected by a Stale, and 

A siie.sprclc refermu condition, frequently pMiCUWly ifregional characlerisfiu of the water- 

usad to eveluale the impacts from lpoint discharge. bodies are incorporaled. tho basis for determining 

is be# for surface waters with a strong directional impairment from site-specific upstream-downstream 

now such uin Warns and riven (the upstream- awssmmtr may require fwar  indlviduU samples. 

dovfmlfUm rpproach). H m w ,  ilcsn also bo Th. same meesura nudo below tha 'recovery 

usod for other w d u e  wstm where gradhnts in zone' downstream from the dischargr will help 

conurninant conmt ra t i i  oscw based on define where recovery occurs. 

proximity to lsource (the near field-far field a p  The upstream-downstream reference condition 
prorch). Estsblishmmt of a site-qmcific reference should bo used with discretion since the reference 
condiUon requires th. availabilily of comparable condition may be impaired from impacts upstream 
habnat within the same waterbody in both the refer. from the point source of interest. In these cases ilis 
en- location and the impacted area. important to discriminate behveen individual point 

A srte-specific reference condition is dimcult to source impact versus overall impairment of the sys- 

establishtf (1) diffuse nonpoinl swrw  pollution con. tem. When overall impairmenl occurs, the resident 

laminates most of the water body; (2) modifications biota may be sufficiently impaired to make il impos-

to the channel. shoreline, or bonom substrate ore sible lo detect the Mea of the larget point source 

aamsive; (3) poinl sources occu at mulUple ioca- discharger. 

Uons on me watwbody; or (4) hWt.1dunderlstla The appro ad^ can be c a t  effecthe when one 
dMu rignHkmtJy br(w.m possible r e f r m e  lou- bimlogicd ~ . r s w n t  or the upstream mfsrence 

PI& condition rd.qu.lely re- the analnabk condl- 
kin u U. 108D). In than aur, sitcrp.dnc Hm d thr Impacted rYI. Hovmm, mutin com- 
n h m Q m d M o n s m u l d n u R h u n d ~ a  pui.ocl. nuy roqum u+.umunr d wers l  
of imprlfmrnl D.rplte Irmt.tbm,It10uW of 8Ile- upatrum silos to adequately desnibr th natural 
rp .c lc  rdnmce condltlons Is often th.meUmd d variabllii of refmncr b b U  Even so.measuring a 
choicb fgr point source discharges a d  CMain sad- of site-speciflc reference8 will likely conlinue 
waterbodies, particularly when the relative impair- to be the method of choice for certun point source 
ments from different local impacts need to t~ deter. discharges. espedslly where the relative impair- 
mlnd. n m s  from dMweiU loat Imp.M rmdto &detar-

mind. 

Iha Upstream-Downstream 
Reference Condition The Near Field-Far Field Reference 

Condition 
Th.u p s t n w d o w m m m  rehnnce wndnion 

is b ~ trpp1l.d to *nw md rhrm whwe the The n w  fllld.fu field refereme wndilbn is et- 
hrbnat chUrc lYYO 01 me waterbody .hove me f.ctlve for d l M W i n g  r reference conditJon in sur- 
poinIdd l d u g e  m aimilu lo the h8bit.l char- face wPen othw than rivw and streams and is 
teristla dth.rtrrmbebw th.poid of dbchrrgo. p.nieuluty .ppUuble for unique watwbodles (e.g.. 
One standud proubre  bto chu#erlt. th.bioHc eUuula auch uPug* Sound may not have com-
condillonjust UsweIh.dischargepdd (accounting puaBIr muuies for cwnparkm). To apply this 
for poMiUa upstream drcuhtlm) lo rrt.bllsh the method. two variable8 u e  meuwed (1) habilat 
r d w m n  wndltlm. Th. cond'tlm below the dls. charrctwistla, and (2) gndlmt of impdrment. For 
chug0 is sbo meuured a1 s8var.l silos. If sip. reference waters to be identifled within the same 
ninunl dlffermns are found belwaen these waterbody, suHiden1 size is necessary to separate 
mewros. impairment of the biota from the dis- the reference from the impact uea so that a 
charge is indicated. Since measurements of resi. gradient of impact exists. At the same time. habitat 
dent biota taken in m y  two sites are expected to characterislla must becomparabb. 
differ because of natural variation, more lhan one 
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Although noth*yd.vrlop.d.this approrCk may 
provide m rlhdlw way to Hbliah biologid 
auerla for atuuln, large lakes, or welands. For 
example. eatumlne habitau could ba ddnad and 
possible re lorme waten identifled using physical 
and chemical variables like t h o u  selected by Me 
Chesapeake Bay Program (U.S. €PA I987a. e.g.. 
substrate ryp., salinity, pH) to establish comparable 
subhabitats in an estwry, To datermine more areas 
least impaired. a 'mussel watch' program like Mat 
used in Nuragansen Bey (1.0 .,captive mussels are 
usad ar indicators of contaminallon. (Phdpa 1988)) 
could establ~sh impalrmmt gradimts, These two 
measures, when combined, couid form the basis for 
selecting speciflc habitat types in areas of least im- 
purment to establish the reiermce condition. 

Regional Reference 
Conditions 

Some ofthe limitations of sitsspeciflc reference 
conditions can be overcome by using regiond refer. 
once conditionr that are bared on the essumpllon 
tha surface waters intagrate the character of the 
land thsy drain. Waterbodies within the same water- 
shed in the same region should be more similar to 
each other than to those within watersheds in dif- 
lerent reglons. Based on these assumptions. a dis- 
trlbutlon of aquatic reglons can be developed based 
on ecological features thal directly or indirectly rct- 
late to water quality and quantity, such u roil type, 
vegetation (iand cover). land-sudace form, climate. 
and land use. Maps thal incorporate several oi 
these features will provide a generat purpose broad 
scale ecoregional hunework (O4Imt el 4.1989). 

Regions of rcoiogkal simlarity are w e d  on 
hydrologic, ElimaUc, gdogic. or other relevant 
geographic v u M n  that influence the nature of 
biota in surfam mUn.To establish a regional nAr. 
once condition, swlace w a t m  of similar habitat 
type are identified in dellnable ecological regions. 
The biological inlegrity of thesr reference waters is 
dnrrrnined to ertabliah the rotermce condition and 
develop biological Criteria. These criteria are then 
used to assess impacted sudace waten in the 
same waterahed or region. There are two forms of 
regional reference conditions: (1) paired water. 
sheds and (2) ecorqionr. 

Paired Watershed Reference 
Conditions 

Paired watershed reference conditions are es- 
tablished to evaluate impaired waterbodies, oRen 
impactedby mullipte r o u r c ~ .  Whm the majority of 
a waterbody is impaired, the upstream-downstream 
or near field-far fleld rderanw condition does not 
provide an adequate reprermtation of the unim. 
paired Condilion 01 aquauc communities tor the 
waterbody. Paired watershed reference conditions 
r e  established by identifying unimpaired sudace 
waten within the same or very similar local water- 
shed that is of comparable typa a d  habitat. Vari- 
aMw to consider when selecting the watershed 
reference condilion indude absence of human dis- 
turbance, waterbody size and other physical charac- 
teristics, surrounding vegetation, and others as 
described in the 'Regiona Reference Site Selec. 
lion' feature. 

This method has been successfully apbked 
(e.g., Hughes 1985) and ia an approach used in 
Rapid Bioassessment Protocolr (Ptafkin et al. 
1989). State use of this approach results in good 
referencr conditions that can k used immediately 
in current programs. This approach has the added 
benefit of promoting the development of a dalabase 
on high quality waters in the State that could form 
the foundation for establishing larger reg:onal refer. 
ences (e.g.. ecoreg~ons.) 

Ecoregional Reference Conditions 
Rderance conditions can also be developed on 

alarger scale. For these refemnces, waterbodies of 
similu Np. are identified in regions of ecolog~cal 
similarity. To ~ tab l i sh  a regional reference condi. 
tion. a set of surtace we tm of similu habitat type 
are identified in each ecological region. These sltes 
must represent similar habitat type and be repre-
sentativa of the region. Aa wilh other reference con- 
dillom, the biological integrity of selected rslersnce 
weten is determined to establish the reference. 
Biological criteria c m  men be developed and used 
to m u s t  imwcted rudace waters in the same 
region. Before reference conditions may be estab. 
lished, regions 01 ecological sirnilarty must oe 
detined. 



drvelopod lor Colorado (GUImt ol U. 1989) m d  
Orogon (Clarke et al. mu). Maps for the rutlonal 
.cor.gionr end sbc mulUatae rmpa of mare 
detailed ecoregions are available from the U.S. EPA 
Environmental Research ' Laboratory, Cowellis. 
Oregon. 

Ecoregions sub, as those dennd by O m ~ n i k  
(1987') provide oniy a tint step in establishing 
regional reference sit@ for development of the ref- 
ermce condition. FieM site wUuaUon is required to 
affiount for the inherent wtabiilly within each 
ecoregion. A general method for selecting reference 
sites for streams has been described (Hughes el al. 
1986). These are the same variables used lor c m -
parable watenhed reference site selection. 
Regional and on-site evaluaiionr of biological fac- 
tors heip delermine specilic sites that best represent 
typical but unimpaired surface water habitats within 
the region. Details on this approach for streams is 
described in the 'Regional Reference Site Seiec- 
tion' feature. To date. the regional epproach has 
baen tested on streams. riven, and takes. The 
method appem applicable for UIerr lng o t h r  in. 
land ecosystem. To apply this approach to wet- 
lands and estuades will require ddiUonal 
evUuaion based on the relwrnt rcobgiul features 
of these ecosystems (0.0. Brooks and Hughes. 
1988). 

Ideally,. ecOregionlll relerenco sites should be 
1s l*llle disturbed as possible, yel represent water. 
;odiesLIor which they are to serve or reference 
wetem. These~ sites may serve as references for a ~ ~ ~ 

Regional Reference Site 

Selection 


TO d . r m w  s;p.crfic m g b ~r e t e r m  s im 
fu sevws, candidate watershed3 am sobclad 
hun 4w appoprirte maps M d  eveht.d ID 
oe*mu'w ,I#my am t@aIla h e  mgim An 
ffllruliar 01/owlddhvnvl dirhnbwe b nu& 
and a n- c4mlabwty urduubad rdwonce 
ares are w k t e d  Ngm ps. cmddte SII~S. 

Goner.Ib WlWsMds Ur &OSM as regionil re/- 
m e YUS uhw m y  ran n o m ~ ymthn rvprar 
a m s  01I)U regm. Cndidate ures are mar 
rek ted by .ma/ and g w n d  su~bys ldenltfiw- 
b m  d Cedidale StIW hbWdL%?: I t )  
01 h m n  disturoance. (21sVem ru..(3) rype 
or stream cnmnmr (4) &arm wnmin a mturat or 
~lrttcatrefuge and f5J ntsronco records olrss,- 
den1 bola W w w b l e  m~gratnn owners 

FirulSalaCbm 01m l m e  ales depends m 
lcH(umruWo dm ~ m ddirlurbUW durvsd 
hun WUI wawbbn nude dwhg site vuits. 
Faexbmde., idicalom d m qulify s b w w  in 
haad aomgion inchide: ( 1 )  M, 
ruhnaltip.m uga~&:(2)mlalivrlyhigh&C 
aegedcy inc h w r  vdha ddepth: (3)abun-
dam large 0sdetY8s. Cmoe bocm rub-
slfan aextenswe aaua1,c w ovemanghg vege. 
!abm (4) relakvely njgn or c w u n t  dlSCMrge. 
151 r,rdrivah clew walm wrlh nahua GO& a d  

~- -.~-~ . Md lFIh ..abundanl di --, 

I 
 I large number of~similar waterbodies (0.0.. wveml.s.,,,,~m~ rrd (7) rnpnrwe 
b a  Wdmumuls. reference streams may be us& to defllw me refer- 

ence condilion for numerous DhwkaW woerate 
streams W the reference stre& &main Ih.same 
range of stream morphology. substrate, and now of 
the other $(learns within the same ecologicalOne h.guenUy uud memod is described by 
region).Omemik (1987) who ~mtJnedmlpe ot Imd-sur-

faca lorm, roil, p0tanl.l Munl v.getntbn;~md An impotiant benefit of a regionnl reference syr. 
land uw dwihm tho conterminour United States to 
genrnte a nup of qu.tlc rcorog~omtor me 
counby. He Uro d.vslopod more deWled regional 
mapa. The ecorogiona detined by Ornernik have 
b n n  wWated for stream and Mull rivers in 
Arkmsas (Rohm el U. 1987), Ohio (Lorsen et al. 
1986; Whaler r t  al. 1987'). Oregon (Whller et ai. 
1988), Cdorado (Gallam el al. 1989), and WWion-
sin (Lyons 1989) and for lakes in Minnesota (Heis- 
kaly el al. 1987). Slate ecoregion maps were 

lem is Ihe establishment ot a b e l i n e  condition for 
Ihe least impacted surface w a r n  within the 
dominant land use paltarn of tho regton. In many 
areas a retum to pristin* or preaelemmt, condi- 
tions is impossible, and goals for waterbodlea In ex- 
tensively developed regions could reflect this. 
Regional reference sites based on the least im-
pacted sites within a region will heip waler qualily 
programs restore and protect the environment in a 
way that is ecologically feasible. 



m i s  approach must be used with u u t i m  for two 
reasons. Fint, in many urban industrial, or heavily 
dweloped agdcullural regions. wen the least im- 
pacted sites m seriously degraded. Basing stand. 
ards or criteria on such tiles will set standards too 
low 11 thwe high lwels of environmental degrada- 
tion are considered acceptable or adequate. In such 
degraded regions, alternstive sources for the 
regional reference may lm needed (e.g.. measures 
taken horn the same region in a iers developed 
neighboring State or historical records from the 
region before serious impact.occurred). Second, in 
some regions the minimally-impacted sites are no1 
typical of most sites in the region and may have 
cemained unimpaired precisely because they are 
unique. These two considerations emphasize the 
need to seied reference sites very carefully, based 
on solid quantitative data interpreted by profes. 
sionals familiar with the biota of the region. 

Each Slate, or groups of Slates. can select a 
ssries of regional reference sites that represent the 
analnablo conditions for ?ach region. Once bioiogi. 
cai criteria are eslabllshed using this approach, the 
cost for evaiuatlng local impairments is onen lower 
than s series of measures of site-specific reference 
siles. Using paired watershed reference conditions 
immediately in regulatory programs will provide the 
added benefit of building a database for the 
development of regions of ecological similarity. 



The Biological Survey 


A critical element of Dialogical criietia is the 
charactwizatim of bblogical t w m u n i l i u  
inhabiting surface watm. Use of biological 

data is not new; biological information haa b w n  used 
lo assess impacts from pollution since Me 1890s 
(Forbes 1928), and most States currently incor- 
porate biological information in their decisions about 
the quality of rudace wafers. However, biologicd in-
fmaUon can be obtained b r q h  a variety of 
melhods, m e  of which are more offwive than 
othem for chMctwizing residenl aquatic b i i t r  
Biological criteria are developed uaing biologi wr-
v y 8 :  there provide the only direct memod for 
measuring the structure and function of an aqualic 
community. 

OllhMwbW1.' vllMn '* -IU- wwrww* 
contLin uniqum wqurlfcwmmuniy componmu. In 
1asI~nonf1~ such u 111 blackatroam aoammtt a ~ ~ 1 . r  . . ---
fly hwa: (1)W O O ~tmG: 13)watrrprnny: 14) crm* ny 
ISNJ: and (5) W J h r  mou occur. 

Biological wrvry aludy design ir of uifical im. 
p o t ¶ ~ ~ eto criteria d w e m e n t .  The drsign must 
be 8CientifrPlly rigorous to provlde the basis for 
1q.I action. and b. bidogically W a n t  to detect 
probtms of mgulatoty mcwn. Sinu it is not finan. 
cislly or technically feasible to evaluate all or. 
gMiMl8 in an entire ~ o s y a t u n  at ell tlmes, careful 
MI.*lon ol  community amponenla. the time and 
p h m  chosen for asrrumentr, d W  gatherlnp 
meth&ds used, and the conainency with which 
t h u s  variables are applied will detumine the suc. 
c W  of the biological uitaria program. Biolog~cai 
surveys must therefore be carefulty planned to meet 
scientific and legal requirements, maximize informa 
tion. and minim~ze cost. 



(YologlcJurrvyrun~ge(mmWlc&l0 
vmples of lW e  8pcI.r to COmPr*h.Nlv* 
wdua!%ns of an reowslam. fh. lira .p 
pmachb dlmwllto lntwvrt for mmmunity a u e u -  
me\; the becond approach h and 
JmpractlCJ. A WMC~ cbnbonwon mew rxlr-
meel p m p m  Mads. Current bppr0a.ch.s nnge 
botbvean d*rled ~ d o g i c l lwMbY, bi0tUWyS d 
targeted community mmponents, and b idog id  in-
dlceton (e.g., keyatone sp.clas). Each of thne  
bbwrwyr  has advantages md llmtrtlons. Addi- 
tlonal diacuarlon will be provided in technical 
guldance under dweloprnent. 

No olngle t yw  of approach to bi logk# survep 
Is alwavr bast. Manv facton affect the value of the 
appmalh, l n ~ ~ u d k g ~ r a ~ d  varlatlon. Waterbody 
rim,physical boundaries. and other natural char=- 
teristla. Pllot testlng aRmaUv. approaches In 
State viatars may be th.b a t  wes/ todatemine the 
rensillvlty ot specific methods fc i  waiuallng bblogi- 
ulhtnlrgrity of local waton. Due to Vn numbu of al- 
tomatlvoa available and tho dwraity of uologkd 
#plans. IndMdualr nrponalble fa re-h 
d d g n  8hoJ d  tH e x p . r l ~ C dbldoglIb withexpu-
H r  Inth.iouland r q ~ o n d  redogy of tugat lur-
hcb wuen. States ahould d m b p  a d4U 
ntanagmrnt pmpram mat indudea data analpis 
and evduaUon and standard opratlng procedures 
as part of a O ~ a l ~ t y  Assurance Program Plan. 

When develop~ng study design¶ for biologld 
erne& rwo key elementa to consider Include (I) 
r i r a l n g  rpuatlc mmmunity components that win 
b m  tm-nt tM Mol~g idi m m  of State SW-
face wa tm and (2) daaignlng data coll.ctlon 
prolocola lo ensure th.tHrt rapwant.Uon of the 
aquatic community. Toehnii guldulee cufrentfy 
a l l # e  to old me d.v*o(mtof study dealon ln-
duc)c W b l r  4uyI andm nMdbock (U.S. 
€PA 10B3a). loch%& 9- M M W  Wamrbcdy 

Selecting Aquatic 
Community Components 

AquaUc communities contr(n 8 vulaty ol 
speci.s that repraent dinerant Vophk levels. 
tmmomlc group, hnctlonai churctarisUcs. .nd 
tolo- m g l a .  CInM 8.lWon of target 
tmmomk groups can provide a balanced users- 
mnt that b suflclontb broad to deacrlbe Iha struc- 
turd .nd functional condlllon of an aquatlc 
rcoryrtem, yet be sufficientiy practkal to w e  on a 
daily basis (Pialkln el al. 1989; b n a t  1988). When 
selrctlng community components to include in a 
bb log ld  uraumont. prlmuy emphasis should go 
toward including apecles or taxa that (1) serve aad. 
f W w  lndicatm d high biological lntegrily (I.@., 
thme likely to live in unimpaired watua), (2) repro-
sent a range of pollullon tolerances. (3) povlde pre- 
dictable. repealable results. and (4) can be readily 
identified by trained State pencnnal. 

Fish. mwoinverlebrates. algae. and zooplank- 
ton are most commonly used hcurrant bloaaaw-
ment ploouns. l?m tuonomlc group chosen will 
vary daprndlng on the typa of aquauc ecoaystm 
belng UwMd and the t y ~ .  of expected impair. 
mmt. For example. benthic macrohvertsbrate and 
fish cornmunitlea are taxonomic group ollen 
chosen for flmlng f r a h  water. Macroinvartebrates 
and fish both prov~de valuable ecological informa. 
lion while fish correspond lo the regulatory and 
public perceptions of water qualtly and reflea 
curnulathre environmental slreu over fonger lime 
trmas. Plants are often used In mtlandr. and 
Jguare useful in lakes md ealuukr to baaess 
wbophluUoh in m  w  syrtmu. hthkmacroin-
vartebmtn and submerged qcutlc v e g e W n  may 
pmvlde k q  community mmpmms. Amphipods, 
lor Ommpb, domlnata many m M y c  communities 
and u e  mom senrilhm than other lnvaebraes 

S u ~ w y a b n d A I l r m b I b r ~ r r g U ~ . A r -ruchU pO&CMES a~@~ l u ~ lO lwide W e l y  
&m.Wty AM&### N.S. €PA 10B3b); Tuhniul 

M4IUld: w8- suy.~.M d  ASS#* 
nma tor brConducthg U r  Atminbtfldy -a 
Vohrm 11: &WnWnwSy*wnr W.9. €PA 1984.); 
and Tahniul Suppon Man& WermfmdyS u m p  
and A~ab-nfa lor CondUchng Use AWnabilily 
A M t y 8 ~ .VdUn* Ill: L.ke S~~ (U.S. €PA 
1W4b). Future t n h n k d  guldanco win build on 
thmdocumrnla bnd provide apec~flc guldance for 
bblogicm UIIUUdevelopment. 

d pollulrntl hCMIng hydrocubau bnd heavy me- 
lab (Relch and Had 1979; J.D. Thomu, pen. 
mmm.). 

ia b o n ~ c l Uto supplem.nl s W d  groups 
with .ddlUonaI community cwnponents to meet 
specific goals, objoctivas. and r r r o w c a  of the aa-
seument program. Biological surveys that use two 
or three tuonomlc groups (rg., flah, macrolnva. 
tebrata, algae) and. where appmprlate, include dif- 
ferent lrophic levels within each group (e.9.. 
primary. secondary. and tertiary consumers) w~l l  



p r w b  a more reelistlc .valuation of system 
bblogkal integrity. This is MelOgWS to using 
species horn two or more Uxonamic groups in 
biiusays. Impatnnmta that are dlmcun to detect 
because ol  the temporalor spatial hat4ta or the pol-
lution tolerances of one group may be revealed 
through impairments in dinerent species or aa-
semblages (Ohio €PA 1968a). 

Seleclion of aquatic community :omponenls 
that show different senslivitiss and responses to 
the aame perturbationwill aid in identitying the na-
ture of a problem. Available data on the ecological 
lunctlon, distribution, and abundance of species in a 
given hab~tatWIII help determine the most a p  
propnate target species or taxa lor biological sur-
veys In the habitat. The selection of community 
components should also depend on the ability o l  the 
organisms to be accurately identified by tralned 
State personnel. Anendent with the biolog~cai 
crlteria program should be the development of iden. 
tificalion keys lor the organisms selected lor study 
in the biological survey. 

Biological Survey Design 
Biological suweys that measure the alructure 

and lunction of aquatic communiliw will providethe 
information needed for biological criteria develop 
meat. Elementsof community structure and lunct~on 
may be evaluated usng a serles 01metrlcs. Struc-
tural rnetrlca descr~bethe compos~tionof a corn. 
munity. such u me number of dinerem specie#, 
relative abundanca 01 speciflc specion. and number 
and reirtiva abundance 01 tolerant and Intolerant 
sp.ci.8. Functiorul mstriu deruibe me acologiul 
processes ol the community. Thou may include 
meawres such u community photosynlhrsir or 
respiration. FuncUon m y  dw b@estimated from 
the proportionr01 v u b w  fewing groups (kg.. om. 
nivorec, herbivora, and inucllvoron, or shredders. 
collecton. wd grazers). BlOlogiul s u w y r  can 
offer variety andflexibility in application. tndkes cur-
rently availableare p r l W l y  for frrshwatn stroemr. 
However, the appoach has beenuaodfor laker and 
canbedeveloped for estuaries andwetlanda. 

Selecting the metric 
Several methods *re currenfly available lor 

measuringthe relativestructuralandfunctianalwell-
being of fish assemblages in freshwater streams. 

such asth. Indexof Biotic Integrity (104: K.rr 1981: 
Kan el al. l9B8; Miller e l  al. 1968) and the Index 01 
WeH.being (IWB; Gammon 1976. Gammon et al. 
1981). The 101 is one of the more w~delyused as-
aeument methods. For additional detail, see the 
'Index of Biotic Integrity' feature. 

Index of Biotic Integrity7 
The /&ex of B~olrcInregmy (181)i s  con!m:y 

used for bsh communtfyanalyus 1Karr 19911 7.*e 
orgtnal 161was conpr~sedof 12metrrcs 

m srx rnetl#Csevaluate specms ricnness dro 
COrn~$~f*Oo 

. ~ ~ r m rof s m : e s  

n~moerof garter specres 

number of sucker spec~es 

number olsunlisn specms 

number of tnlolerenr sp.c!as 

' proporlron olgreen sunlish 

mrw merncs auanr~tytrwhe compooecn 

' CI,LOC,!.O~ofomnrv~res 

' proPorl".?nof msec11~11~lrsCYPI." CS 

proponon ofp~sc~wras 

Each nulrtc s s c m a  7 (vonf). 3. or 5 (besf) 
deprndtnomhow (h.IiUd drla compua wflhar 
expecled vlMoblrmeaI mmlmnce srles 4.: 
12 m f n ~values w man r-d ro pmnde an 
OVeraN mdex valw mat mpnsenfs relahve 0-

legrlly Tne 1.91 was &signed !OI rnrowes:et* 
sfream. subS6R1fe m K c s  mHaring fhe sare 
sh/ctural and hncl iml  characlenshcs habe 
bwn  creafbd'foaCCommOd.9ldm g m f  var'aiars 
m fishassemb!ager lM111brel a1 lS8 )  



SMd lndlaa th.l wduale more thm one 
community ckur*aidk m daa available lor u-
W n O  ttnm ~ n v u t e b r a t epoprlaticns. 
RU richnar. EPT lou(number of t u  of the in-
sea orden EphemwptM. Plecoptero, and Tricop-
Iera). and species pollullon tolerance valws am a 
few of sweral component. of t hao  macroinver. 
trbfale uI.lmenta. Example indices include the 
I ~ r b r a l eCanmunity Index (ICI; Ohio €PA. 
1908) and nllrsnhdf Biotic Index (HBk Hllmhon, 
1987). 

Within thoam mar ia  spocl(lc informationon the 
po111.%ontolorarms of dinweot speclr within a sys-
tem win helpdefine the type of imp.& occurring in 
a waterbody. Biological indicator groups (IMoleranl 
species. lol.rant species, percent of diw~edor-
ganism* can be used for evaluating community 
biological integrity if sulllcimt data haw b w n  cot. 
lected to suppod conclusions drawn from the in. 
dicalor data. In rnarlne systems. for example. 
amphipods have bean uaed by a number of re. 
seuchen u mvlronmemU indlcatorr (McCall 
19TI: Bolton 1979; MeMSM d  Word 1902). 

Sampling design 
Sunpingdnign and statistical protosolsare re. 

quired lo reduce rampling error and evaluate the 
natural varlabllity of br0l0QicaIresponses lhat ar9 
found in both laboratory and field data. High 
varlabilily r e d w s  the pawar of statlatical test to 
doted real impairmmtr (Sokd and Rohl, 1981). 
Stata may reduce varlabilky by rdning sampling 
technlqun and protoed to d- vu~.bi)ltyin-
troduced during data wlmc+lon, and i n c r o w  the 
power of the walution By hwulngthe nunbar d 
rep l la t i0~.Svnpllng twtmlpun m rM&. In 
put. by colimc+lng r mpwamlw ampie of mi-
dent biota horn Vw umr cmponr* of Uw aquatic 
community from thrmhabitat type In the m e  
way al ales bJng canpmd. Data collmion 
protocob should l ~ a l o(1) apaUal w l e s  
(whereand how runper  u e  wilrcl.d) and (2) tom. 
ponl ruln (when due u e  coll.ctbd) (Green. 
1979): 

8 Sprtlll Sealom rehr to the wide vuiety d sub. 
hob- thal exid within any surface watu 
h.blt.1. TO aceourn for wbhbiUt.. adoquato 
m p l i n g  protoeob require selecting (1) the 
loC.Lii within a kablUl where target groups 

reside and (2) the methodfor coU.cting dacs on 
tugat gmups. For ewmpk, if Mare sampled 
only fromfaat nowing rimwithin streamA, but 
u e  runpled from slow flowing pools in stream 
8. the data will riot be comparable. 

m Temponl S u l r e  rolw to .grulic mmunity 
FhU1W that Occur Wer rime b.uuw of diurnai 
and life-cycle c h q u  in ci'ganiam behavior or 
dwebpmeot. m d  uaaonal or annual changes 
in the mnvimrmeot. M u y  organlamsgo lhrough 
sWoru l  lih-cyde chongn that dramatically 
aflOCI their preamce and Qbundance in the 
aquatic community. For examplo. macroinver-
tObral@&to collmcled fmm atream A in March 
and stream B in May. would not be cmparable 
beCau~theomwgena of i n u d  eduns afler 
March would significantly mu the abundance 
of subadu~lrfound in stream B in May. Sim~lar 
problems would occur if algae were collected in 
lake A during the dry seaaon and lake B durlng 
the wet season. 

Field runping prulomh thU produce quality 
asseUmenU from a limitad number ol aite vositr 
g r r l i y  mhana  ih.utility of the runpling techni-
qw. Rapid bioarwoomaot pro(ocolb. rmnt ly 
dwdoped (or Maeasingrtnaftw,use standardized 
techniques to quickly gather physical, chemical. and 
b~ologlcalquant~tativodamthat canassesschanges 
in biological inlegnty (Phlkin el al. 1989). Rap~d 
bioaasnment methods M be cost-eflec¶ive 
biologicalu r i u m e a  approachu when t h y  have 
b m  writled with more canprohmrivr waluations 
(or the hbitats and region whwe thy u e  to be ap-
plied. 

Biological wmy methods such u the 181for 
liah m d  ICIfw ~ w i n v e . b m t awere dwdoped 
in m e a m  and riven and h w e  yot to be applied to 
may ecological ragtom. In addition, tunher re-
u u c h  & needed to adapt the approach lo  lakes. 
w r ( l ~ ~ d ~ .and estuaries, includingth dwdopnml 
of aitrmalive atrueturd or (uncUo~Iendpoints. For 
eumple, arrrumem methodr (or algae (0.0 
measures of biomau. nu iwna bbom trequmcy, 
community structure) have been wed for lakes. Aa-
seramen1 m a f i a  rppopriUe (or davrloplng 
biological criteria lor W t r ,  large fiven, wetlands. 
and nhuria .nbeing developed and twted so 
that e n)ulli.metric approach can be elleelively used 
for all su11aCewaten. 



Hypothesis Testing: 

Biological Criteria and the 


Scientific Method 


B iological criteria are applied in the standards 
program by lasting hypotheses about the 
biologicai Integrity of impacted surface 

waters. mese hypgtheses include the null 
~~pothesi+--thedesignated use of the waterbody is 
rt impaired-and alternative hypOthese8 such ar 

the designaled use of the waterbo6y is impaired 
(more specific hypotheses can aka be generated 
that predict the type(s) of impairment). Under these 
hypotheses specific predictions are generated con- 
cernlng the kinds and numben of organisms repra- 
senting community structure and function expected 
or found in unimpaired hebitat*. RW kinds and num- 
bers of organisms SUNOyed In unimpaired waters 
are used to establish the bidogical ailerla. To test 
the alternative hypotheses. d.U CoiiacUM u\d 
analysis prffiedur0a u e  wed to cwnpw.the crlterl8 
to comparable muaurer of community alNclwe and 
lunclion in impadd waten. 

Hypothesis Testing 
To delecl dillermcrr of biologic& and regula-

tory concern betwren biological crfteria and ambient 
bioloaical intearlty af a test site, it is imwnant to 0s- 
tabliik the seisitivity ot the rvaluauon.~~ 10 percent 
difference in eondlion is mwe diflcuk to detect Ihan 

50 percent difference. For the oxperlrnmlaVsur. 
y design to be effective, the lwel  ot detection 

should be predetermined lo establish sample size 

each a n ~ u e  wdaawimr. AUt i  (mp.imnn(ondd.ndwn'w noru 
pOCdU 

for dM8 colfecUon (Soksl and ROhlf 1980. 
Knowledge of expected natural vafiaIlOn, exPeri-
mentalamr,and tho kinds of delmabie d~flerences 
that can be expcted will help determine sample 



Onca data u a  colkcUd u l d  andpOd, m y  u e  
u n d  toOUn hypothhypahrr to dttarmlna U charu-
t r r l d a  of me rrrklrnt bloU rt rMdta m 
nMUn(ly dUhmnt trom aMIMrd nitrrlr v d l m  
for r comparable h W u L  Thwe w three pouiblr 
oU1COmU: 

1. T h a u n b i m p d n d ~ n w n y d ~ n a n d  
dama n d p a  w lwnJIhnenough to dot-
dm-: of ragWloIy impoftanw, and 
slgniflcant dinerenCmw m  drUcted. Ru 
naa step ia todlagnow the cause(s) and 
source(¶)of Impairmmt. 

2. The biologicalcriterla are matwhen survey 
design and data analyses are sensitive 
enwnh to detect dHhrmcrr of rrpulatow 

uu h not b n p W  In r putlculu wmrrbody). 
Woglal aitnlr unno l  pmve mtalnment. Thle 
rOaSOfIhg provldu the Wr for omphaalzlng lndr-
pondel  Qpllcallon oi dlfhront ~ l m a m  
mathoda (a.g., chemld v a w r  bbloglca! dtrrla). 
No typo of crltwla can *pmve' atmhmew each type 
of crtt.rlrondly*we attainment. 

Almou#~ W r  dbamia~b Ilmitrd to lha nuY 
md OM J~YN~IV~ wpomeala, it b w i b ~ eto 
g m m t e  multlplr working hypolhawr (Poppa, 
1W1Jl mrt panot*ma hrgnoala c4 w a r  quality 
problems when Uwy atbt. For example. If phys1.l 
habat Hmnrtlonsare bollwed to becausing impair-
ment (e . .  wdlmntatlon) onr alternative 
hypomads EOUM apwify lha IOU d community 
components 8eMitiw to this Impact. Using mult~ple 
hypotheses can maximize the Information galned 
from each study. See the Diagnosis section for addi. 
tional discussion. 

s i g n i ~ .k~ no d ~ m n c r rw&e found. 
Inmb UU, norclmrnqum by wos Diagnosis 
bwdmrn. r rnwrunr .Homvr , -
rvidenw may h Q u W  lmp.lmmt(e.0.. 
Chomld uiter* w vklatrd; seaWow). 

3. ThaaReonn bind*rmha* when rurvey 
design anddata8rnJyrer u enotaenaiUve 
enough to detect diffrrencrr of regulatory 
rignlficmw, Md no diffamncas rwra 
d e W d .  If rSWaor Raglcndrtmniner 
thal~bbocanlng.(hrdmbpmmtof 
~ d ~ m d ~ l l o n m r W ~ 

-
Wk.n impdrmmt of tho W g n r t o d  usa Is 

found using bb logW uiter*, r dlagnoalr of pmb 
rt4e cause d lmpalrmmt la the n M  mop for im-
plammtatlon. Sinw biological utterla are primarily 
designed lo detect water quallly impairment. 
problems we likely to be identified without a known 
cause. Fomnately the process of evaluating test 
sites for bblogkal lrnpalmtent provides significant 
infomutbn toa d  Indotarminingcurw. 

Durlng d*gno*lc ovdurtlonr. Woe main im-
pact catagodes should b. comldmd: Umnlcd, 
phyakU. utd Oblolagld. To bogh ch.dfagnoltic 
proem twoqwrmWu e  p o w  

WMurUnobvious uuraof impalmant? 
o r l g l n r l m m y b w + r p a d , m r 8 u t . ~ d  
d e t e ~ n w H ~ d d l ( h m a U n  

If no obvkua aurau ew a r n ,  wtut 

s u n m y i r u D . W d d ~ n g . T h b ~ l J d  
pwait#e aurrr do me b ido~ lcddam 

InrwvJuuhomwrehdwimmddaJnd ruOOm 
drrr~aanl~oi.An lndotadrlhr ouronw Obvbw c a m e  such rn fubbt dagmdatlon, 
myalwoccurU(h.~aite.ndUn poim aoumd W r g r r ,  ah u apader we 
refmnca condltbns mnnacanparabfe. often l d ~ ~during thr c o m e  oi nand field 
This varlrble may also requirere-wdwtlon, biologkduseasmenlBlomonltodngprognmsnor-

mally pmvidr knowledge of potrntW r o u m s  of Im-
AI with all scienfic studin, when I~plemeMng p a  .,,,j chvrctrr lr t la of Un h.blt.t As such.

b i~ logkdcrltnir, the PurPOw Of hyPomeaJrtwtlng diagnosb ia prmy inarrpontrd imo m y  uirting
is to determine if the data suppod tho condusion swta fl&d.m.emd bioclsseumant wwnmr. lf 
that the null hypohsiS is false 0.9.. ma designated more than one lmpscl wurce is obvbus, diagnosis 



will require drterminlng which lmp.U(s) I8 the cause 
of Impairment or the extent to which each Imp.* 
contribulea to impairment. The nature of the bloiogi- 
cal impairment can guide evaluation [e.g.. chemical 
contaminallon may lead to the loss of sensitive 
species, habaat degradation may result in loss of 
breeding habilat for certain sp8deS). 

Care studiea illustrate the effediveness of 
biological crlteda in identifying impairments and 
possible swrces. For example. In Kansas three 
sites on Little Mill Creek were assessed using Rapid 
Bioassessment Protffiois (Piafkin ef al. 1989: see 
Fig. 4). Based on the results of a comparative 
analysis, habaats at the thne sites were com-
parable and of high quality. Biological impairment. 
however, was identified at two of the three sites and 
directly related to proximity to a point source dis- 
charge lrom a sewage treatment plant. The severely 
impatred Site (STA 2) was located approximately 
100 meters downstream lrom the plant. The slightly 
impaired Site (STA 3) was located between one and 
two m11es downstream from the plant. However. the 
unimpaired Site (STA l(R)) war approximately 150 
meters upstream from the plant (Plakin et al. 1989). 
This simple exampie illustrates the basic principles 
of diagngsis. in this case the treatment plant a p  
pears responsible for impairment of the resident 
biota and the discharge needs to be evaluated. 

Bwdon the biologlcai survey the results are clear. 
Howwer, Impairment in resident populations of 
macroinvartebrates probably would not have been 
recognized using more traditional methods. 

In Maine, a more Cwnplex problem arose when 
effluents from a textile plant met chernlcal-spectfic 
and emuent toxicity criteria, yet a biological survey 
of downstream biota revealed up lo 80 percant 
reduction in invertebrate richness below plant out. 
falls. Although the source of impairment seemed 
clear. the cause of impairment was more difficult to 
determine. By engaging in a diagnostic evaluation. 
Maine was able to determine that the discharge con. 
tained chemicals not regulated under current 
programs and that part of the toxicity effect was b;;e 
to the sequential discharge of unlque eVLerts 
(tested individually these effluents were not lox,:: 
when exposure was in a panicular seqLer.:e. 
toxicity occurred). Use of biological criter!a res~,!ed 
in the detection and diagnosis ol this tox~c!ly c:co-
lem, which al:owed Maine to develop workab;e a::er 
native operating procedures lor the text~le .ndLstry 
to correct the problem (Courtemanch 1989, and 
pers. comm.). 

During diagnosis it is imponant to consider and 
discriminale among multiple sources of impatrment., 
In a North Carolina stream (see Figure 5) four sttes 
were evaluated using rapid bioassessment technt- 

Fiqure 4.-Kansas: Benthic ~.o4ssessmenl ol Littla Mill C r ~ k  (Littlr Mill Creek = Sit..Sp.cslic Retermccl 
R~lallonshipof Habitst and Bioassersrnanl 

nabllat Oual~ty la/.ot Relefence) 
F#Q4 Three stream segments ramDlea tn a stream in Kansas us8n0 Rapla B!oasresrrnsnt Protocols ~P la lk~n  - .e l  a1 
s ~ g n ~ f ~ c a n l  at s+les below a sewape ttsatmaot olant~nDac~mcnts 
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&-The RUatloluNp O a M n  Habltat Ouallty and Banthlc Cammunlty CondlHon at Ihm Nodh C.,o(tna 
PtM 8ludy Sl l r  

R 

0 1 0 .  20 PO 50 60 70 Bo '00 

Haatla1 OuaI~Iy l o %  01 Reisfence) 

Fig. t 018llngullnln~ m orllualoon 01 lhe nature sna rnapn*luae M l w n n  polnt and nonpolnl lources 01 irnoam-nenl rwu#rel 
01 d~f lonnlsale8 in lsurtace walor (Plalk,, e l  al. 1 9 0 )  

q u r .  An uomgional r d n e p c ~  site (I?) established 
Me hbghwl kvrl of biological inlegrily for that 
n r e m  lype. Site (I),well upstream from a local 
town. was used aa the upstream reference condi. 
lion. Degraded conditions at Eile (2) suggested non. 
point source problems and habitat degradation 
because of proximity lo raiderdial areas on the 
upnrrun edge of lown. At Sle (3) habitat altera- 
tions, nonpolnt ~noff.and polm source discharges 
combined lo swnely degrade r.ridmt b b t r  At this 
rile, sadimmtallon and bxldly hom municipal 
sewage WeUmenl emuant appeua! rrsponsibte for 
a major pornon of mla dogr~arlon. Slte (4), al-
though s o w d  ml*r domutnm hom town, was 
still impaired drpitr rlgnMcanl imprwemmt in 
hlbllU qua@. Thh augp.rt, that lodeity from 
upswum dlschugr may 8tYi be occurring (Bar-
hour. 1990 p m .  comm.). UUng Mesa kinds ol com. 
padmnr, through a diegnorllc procedure and by 
udng rvUlaMe chemical and biobglcal awssmmt  
tools. Me nlaheffocts of impacts CM be deter- 
mined So M U  sdlnrons can be formulated to im. 
prwe watrquatii. 

Whan point and nonpoint impact and physical 
habilal degrdallon occur Simunan~usly, diagnosis 
may require the combined use of biological, physi- 
cal. and chemical evaluations to discriminate be- 

tween these impacts. For example, sedimentation of 
a stream caused by logging prac tkr  is likely to 
resun In a decrease in species that require loose 
gravel for spawning but increase species naturally 
adapted lo !ine Sedlmenls. This shin in communtty 
components correlates well with the observed im. 
pact. However, i f  the impan is a point source dis- 
charge or nonpoint runoff of toxicants. both species 
typrs are likely to be impaired whether,sadlmenla- 
tlon occurs or not (although gravel breeding species 
can be expect& to show greater impakmmt if 
sedimmtation occurs). P a  of the diagnostic 
process is dsrived from an undenlandlng of or. 
ganism sensitivities lo different kin& of impacls and 
their habitat requirements. When habitat is good but 
water quality is poor, aquatb community com-
ponents sensitive to toxicii will be impaired. How- 
ever, if both habitat and waln quality degrrde. the 
resident community is likely to be composed of 
tolerant and oppoflunistic species. 

When an impaired use cannot be eaaily related 
to an obvious cause. the diagnostic process be- 
comes investigative and iterative. The ileratlve diap- 
nostic process as shown in Figure 8 may require 
additional time and resources to verify cause and 
source. In~tially, potential sources of impact are 
identifled and mapped to determine location relative 
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to ch.area 8unaring from biological impairment. An 
anatysis of the physical, chmical. md bidcgical 

EslaOltsh Btolog~caI Crller~a+ 

Cond~ctF8etd Assessment lo Determ~ne lmpatrment 

\ 
Yes N O  +No Further 

t Ac110n 

Evaluale Data lo Determmo 

@,obable Cauaa 
r t 

Generate Testable Hypotheses 
'or Probable Cause 

Collec: DaLa and 

~val;a~Resu.t<(] 


NOAoparenl Cause Obv~ous Cause 

Pro~ose New Alternal~ve Formulale Remedtal 
HyPOthBSe8 ma Co~tect Actton 

New Data 

F,g 6 The doagnOsl8C PIOC~SS 8s a Staor~saorocass 10, 
data,-msng !ha cat,¶# mpa4,ea DtoIog#caI~ntapr#ly01 ,n w,. 
lace *ale.s 1 n a y  teausre m u ~ t ~ o l rnvoolnares le¶lana.no 

charaaeristics of the study area will help identity the 
most likely sources and determine which data will 
be most valuable. HypothesM mat diilinguish be. 
Ween possible causes ol impairment should be 
generated. Sludy design and approprlste data col- 
lection procedures n w d  to be developed to test the 
hypotheses. The severity of the impairment, the dil-
fiwhy of diagnosis. and me costs involved will 
determine how many iteratlve loops will ae com-
pleted in the diagnostic process. 

Normally, diagnoses of biological impairment 
are rslatively straightfornard. Stater may use 
biological criteria as a method lo confirm impairment 
lrom a known source of impact. However, the biag-
nostic process provides an effective way lo ident~ly 
unknown impacts and diagnose their cause so that 
corrective action can be devised and implemented 



-- 

References 


bngmoiu,P.L urlJ.R. K.n.(!OW. Wphllng an M e r  of Nab
in-w 8awd a 8un.w.Fbm CammmBes: ConicYn- 
l m e  h&Wng MImrpr*IIM. An. J. R e .  Mmpe.  C 
41bUO. 

Mnu d W M O n  CanuU M d  Esolw.(tOW. 
ReguUm EsubU*l~rqW a u  OruW D W u o s  b r  Sudeo 
Wubn alms SUe ol m 8 .  Regul.oon No.2. 

BMoul. 7.). (lew). Panonu mmunicaam. EA Eng~nmmp. 
Wewe .ndTedmlagy. Ins.. So-. MD. 

mmn.  M.L. 11970). Eflrts d a w e w  sludge on h e  Pmthrc n. 
wn.Orata ownmuny on me vUlore New Varb dghl €1. 
UI. COYI. SIIUI. w.a: 16s-tso 

BIOD~W.R.P. W R.M. nuahes. l1008l. OuiaeLma lor u s e u ~ n p  
the DWc -mi# d h u h w a u  vdW1.Pagee 270 

CamJ. (tO7A. OuuMuum d LuWgU Inupray. P e g r  
I7143..h R.K il.Ermn. md- LJ. bunma.-- . ad.... . lh. .- - -- . . .. la-
legfY of Water, A Sympouum U.S. Enwon Prm. ~pancy.-~ .~ ~ 

Clure. S.. 0. WMe. end A SOIaeOl. Mu. Oregon ecologtur 
rqmema subregmne lar walu mulepemmt. Connmrut 
I o n  

W u r  Ol* -01 WOryII. w w  Qvlltj BvldrO 

Farbee. 9. (i0101. Fornofa. In R.E. Rlchudaan. The bamm 
huna 01 In* mvdala llinou River. 1913.1925. h r .  Ill.Nu. 
WH. SUN. Vd. 17. M a e  7.387472. 

W..cla. J.. J.R. Ounman. R.M. H w n .  LS. IsPlmgr. M. 
Jo lm~n.  J. Knt. 1.Mwphy, T.M. Mumy, ma T. Saun. 
l 1 0 ~ 0 .A r c a m m a e a  wprouh hr dnerm#nmg tromplsu 
Imegfnv h nwng w e t r ~ .  U.S. Ennron. Rot. Agency. Car. 
mni.OR. 

Wun.A.L.. TR. Vhmw. D.P. LYm.J.M. Omemoh. ana R.U. 
n w n r .  (1909). Replwlueuon ulTwl lo,Manap,ng En. 
nrmmanw Reswtces. EPLiSOn.0010EQ. U S  Enrron. 
Ras. L.D. U S  Env~ton. Ptm. Agmey. Cowslas. OR 

Gammon. J.R. (1076). The (ah m0uleOonsd Ine mQdh Y O  bm 
of me W a b m  Riru. T*. R.o. 8h Pu&e Ul r r  Wamr 
Ruaw. R~I. Center,weuu f w n t e .  IN. 

Gunmn. J.R.. A. MwC. J.L H M h k .  nQ R.L M u .  
(toat). Rus 01 nlamlahlq In u & n p  m m n m e n w  
QuUDy01UUWIDW, RiVI. P . g l  Y)7-24 *IJ.M. b l e s  W 
C.1. Weaw, o d ~ .E s o ~ o i u l*wtunmu ol Emumu Im. 
p r u  a Communalu d mdlg-e M u s k  OWM~~I. 
STP ?a.MI,Soe. Trc. Mew. 

01.m.R.H. (1010). Sunpling D n b n  md 5 1 . U ~M e m a  Iar 
Envifmmmw BiUop(rt). J. Why  and Sons. New Yon 

Hall. 2.0.. M L Ml;~phy. &M R S *ha (1009). M r37or .a  
dsvgn lor uanslng imp.nr of w u s m w  praasar on 
unaU rwaune. Pmc Inf. Ass. TheoceL &PI. Lmwl. 20. 
l3fQdb 

t u o r a l a ~ . ~ o ~ w . ~ . ~ ~ ( ~ n r * l q  
Wet*. U.S. LNlon.PlaW q , w M * l p r a .DC. ~ . .~~ 

bnnvnd0.L M3.P. O M .  IlSIn. lm#mnmt& 01 H w r ,  R.M. (!Om.). b3.l CM boropl~UMWng teS u8 
warn~ n d ~WI w uurnm- a h 1  me .Monmmt.l h e m  d oqudC amqaems? nmae n n ~  e W ~ U  
tlon uw m ha. I- nd WICU R.C. WM.  J.C. bNU M 0.8. &OM.  MI..Roc. IM.l ~ a m i ~ ~  
Om-. U.S. E i M mRol.~ g m y .unsm*ood. 
IL 

C o u a m h  O.L. SP. DMI.ML O .  Lmy.(tom) I-. 
p a M d ~ ( Y n ( P ( r Y l l O n m i n * w m r p . n n h g .  
LNlon.MMae. lS:%4l.  -

CounmvKn, O.L M S.P. Omla. (!ME). Wty MYIe h r  
msut. 1- 8-

Spa.mUUDr lpn  d Wrr* Ouwy InhrmOon Slttems 
IeJ. S r .  NO. 81. Cob. W d r  R n a r .  R r  lnsL Colofrao 
suuurn..R.&8b.  

Hucupnr. R.M. (1W001 LcongMU CwagW a- k Water 
O u M l S m a r O b r V r 2 l a ~ . ~ . N . c l . C o n fO11 
w a r  u.s.Enrmn.Pla * a m y , W w q ~ n .0C. 

HuQMe. R.M.. E Rsnt.d, MC.E. W.((MI). Th. ruauw.ChM m in*praU Y o ~ W  
W d r  GunMy l aw .  h h a  Dn.Emiron. ha..~ Q U I L  ~ 1 9  rongln+,IIVU u10 phyuogrlpnrof mu.11~ bu*lr. 

PrOHnCr m IM Yhln)00.00MNc rqlona of Oregon EWeSM KW.. 0.L LmL LW. Rualey W R.0. Wnbome. 
Compu*on of M e u w d  l n u r v n  Bloloplu R u p o n s r  
*nn R.mmP r e d w  W q  me C-

CoPW ~ZJ4J1. 
Hughr. R.M.. O.P. men,ndJ.M. Omrmh. (1OW). Rwonu  && 

olronk l o w  T n .  EMW 
1020. 

law c n q  0: 1010. mIUence Ute: a me!JwE iw w . W n p  nnmmtlutaon En 
wa.Mwp.. 1Wq: 620425. 

k g h r ,  R M. 1 l W l .  Use o1wder1RW m r v l r n a c s  to saten 
.CordIU munlor numaurq s t m r  of mew mbnq w u t n  



JW.RD J ~ . P N . S . * ~ . T M . L ( ~ ~ ~ . S . C . ~ , M R . W N .  
arDI.M L S  (IOI1) IWZ NU& Fi-
%my Vd. I w O a U S . F b h W V Y I Q S r v .  

CYT. J.R. l1981). *UIYIIenI c4 h l l c  ImwQ W hh oDnc 
MNUI.fl*rna en.21.27. 

I(ur. J.R. M d  OR W1.y (1981). ECdqlPI P * lp .dm m 
w*n QMfy a u  Erwmn. Uuug..*5bm.-( tonl , 8 b k Q l a I  rnontodngm'i *Nl- UU. 
mnt a mncwd k m n .  EMrm. MUUO*. !((a: 
2492SO. 

CYT, J.R.. KO. Fa-. 'L -mu. PA. Y n L  M I.J. 
saw.(IW. m a u n g  ~loplolw w  h ~ r m q
d a m  a Mhod rind b felon*.Spat. ML I.I#.-1. 
R 1  Suv. 

Urur.D.P.J.M.OmmL.R.M.~r .C.M.Rokm.T.R.WM. 
W. AJ. UmW. A.L OMMI. n6 D.R. 0dl.l. ( t W .  h 
C I Y R . D M m u  D w W  8- Mnu h hh 
mmnuegn h O W  sunms m?d WWI*-. En-
nrcn.MMWO. 10:815620. 

L y c m  J (19891 COnss~md.n~aWWW madsMbUl0nof~Y1 
u m w g u  in Wlronmn amuna M Omm~Ys 
M q m S .  Am. MWW4 N.(.la(!): 16E1u. 

MwO Wal* %Mly CluWCdOl Rogrun. IlW. Yvlr 
nM*)StOu*nnol.lon.n*nwmwnwmw. 

FWh.  J.L. M.T. B u b w .  KD PM*. 8. K Grou. W R.M 
k g M .  Il9ISl. W d  Elouuwnom Ro(ocoIs for U w  n 
*@MuM d  Rh'Us: 8 m W c  Mwlo(nwn.bnlr ma Fish 
EPUIIU4.8POOl US. EnHmn. Pmt.Mew.WuhmgtDn. 
O.C. 

P w w .  KR. (1960. The Lcg~col Scknllac D w y .  Nem*r 
w now.NOW mn. 

%OI W WM. (1919). P a W n  Wow d C N W a  Inva. 
1.brua. *Od.MS P I W .  

Aohn.C.M.. J.W. WIO. MC.C. 6mlrmt 11981). Ew.lwmnof 
M rpurac rmragon c I u ~ k 0 o l lc4~NMUIn b d b n s ~ .  
J. Ff.Un. Eml. 4: 127.40. 

SOW R.R. MFJ. Rmlf. (1981). B1OMy:Ths Pdnop*. W 
~ r ~ uOI swsoa m auopls* -bl. M M.w n 
F-. SM F~MCILOO. 

SUn(ord. J.A M J.L W M .  ( 1 W .  h n m u l  of 
IIVU .caystamm. ~ a w r555: w a .  

TIuW J.D. (I-). PmonU cammunlwn. Rwf  Founantmn 
Dip Rne Kay, F L  

U.S. Enbironmenw Pmtutbn q-. (198%). warn ouallry 
Sundukb Mndbaok. M.WIUI Rag. SSIU WWlshmplOn. 
D.C. 

-. ( l 9 m ) .  T.snnrd S w W  MMu.l: Weumaq Surveyl 
w ruummufaCooQImq  Lk.Nhhab~ANlyr~r 
V U  11. E N r C l a  -ma. Oil. W R u  R.p. &nd. 
w.Mpbn O.C. 

M a m ~AJ. M J.O. WON. IlW. F a r v l Y g  *hcD d 
sewage UYlda ulmun* Mnmk CcemuMm.P a g u  4%. 
517 n G F Maw. .a,.Ewbgul Strur and n o N w  Yon 
9 ;*c S i  acca ape Vrregot-err ESvv Ros Fad.. Colum. 
Dl*. SC 

Mlllw. 0 L. n d .  (loas) Rawow .DPIIC.D~# of H maex of 
o a r  ontagmy IU U ~ Hm waw f m r ~ am a m g m n  
Fbhrm13(5) 12. 

MIWr. R.R.. J.D. WIIMU, ma J.E. Wtunr (1919). €ahmom 
o t m * m * ( u n n n r d u r r p m m m w y . F W u U  
I 4  21-38, 

M . V I C Y U W ~ ~ N ~ W ~ R . . ( W I ~ ~ ~ ~  
DMlopmm. (1084). fh.BobmHd &mu Rnpm
M.84.15. 

Omnull. JM. (1981) EwnOMI d ma Wd 
SP...Lnn. A n .  Am. Gag. n(1):111.121. 

P)IMm. 0. K 11W1. M M n Y F a w h e  Blomonm: A C m w  
IUU *a and h r . m  -lone. Puma OIV. on. 
War .  EPA WOK.WZ44. U.S. VMm. Rd. *pry.
wmh@M.D.C. 

maam. J.L itos81. waw q u u ~~ . u d-or* a .savnm, 
r . s w * l  In J. Calm. J r .  d..R m w l I m g  Dunagd
Ecaapt..~. Vd. 11.CRC P r u .  5 % ~R.m.FL 

- ~ ~.~ ~ - . -. .~~ 

D.C. 
- . ( !ma.  Rbk AluaunmOJdmmforSuwrhmb.En. 

r i rmmrnw Evshlaum Mmud. IMn. R W . 00. Emrp 
RemM. Rnoonw. Wuhlnplon. O.C. 

-. (1989D). ROW of W O M O Pon 8olop.ul Cr.:era 
D~egnosmSvmagos lor lmpaww Waimmoay Ussm s.;. 
mmm Q 8 . n ~ 1 a . s e p ~ao.I W ~ .w. 

-. (tw7r). &durn W e n  Mmiiahg: A Frunwwk lor 
aungm. on.wear. OR. wq ~ m .EVU. wwkp(on. 
O.C. -. 118cml.R ~ P W01ma NWMI wuwwo on as** 

~ m d C a r rM.w a r R a g  S a m  In. 
Wnm Udog. Cmrca6rm.RogbnV. Emtar. R n .  u b  
u.a~rma.PIA M* 

W w Q M f y k t d  tM7. It-). h T ? n R Y R ~ . m m r .  
&. NRI. Mdm. Wuhlmpn. D.C. 

WWu, T.R.. D.P.lusm. R.M. WupW. C.M. Rokn. A L  Gat. 
blI.W J.M. D l l l V W  (tw7). Onlo SlmwlR . p l w l i u v m
Rda:A CamOndwn ol RaUIU. Emcmn. R a .  la.U S-. RaAqanq. Cormlh OR 

WN(1*r.T.R..R.M.hlugk..MO.P.LUUI.. l l ~ l . C o ~ ~ m ~  
d a m  b a w m  rampans Mw num sosrm 

U,Ongan. CM. J. Fbh. ApWI. SO. U:1264. 
78. 

Yodn. C.O. (19OS) Th* d m - Ild u a  lfobgkai cmorr 
IU DM wrmm WW. w a w  ~ v u ySvnava lot se 
21s m y .  R#. Nm. bn(. 011. w.*r. U.S. Enwon 
Ra.*gmy,murnw~.D.C. 

COd* 01F N M  RquWmna. (1900). W 4,P M  131 10. U S 
Gov Pnw 00 Wahmglon. 0C. 



Common Questions and 

Their Answers 


0.How will implernoting biologic^ m'feria 
benefit State water qWlitypmgrams? 

A. State water quality programs will benefit from 
biological criteria because they: 

a) dirretly aaess impairments in ambient 
bbta from adverse impacts on the 
&mnmet: 

b) are defensible and quantihble: 

c) 	document impmvments in water qualily 
resulting from agemy action: 

d) reduco the likelihood of laice posillves (i.e.. 
a conciur~on that Lltainmml is achieved 
whm it is not): 

e) provide informatiin on th. integrity of 
biological lynome that bWmpdling lo the 
public. 

0.How wiU biologiul cntsri.be usad ha 
P e m t  P-7 

A. Wbm pwmb u e  nnmed, racadr km 
chemul uwlyuand bbloglul uaoume(r are 
ua8d to dorumhe U Uw pormit h m  olfutivoly 
p r w w t d  degndrtlon .nQlodto imprwemmt. The 
purpose fw this H;IIutbn ia lo detmino whether 
appUcablr mt.r  guaity standards wue rchlbvod 
undm th.atpiring p m i t  and lo d d d e  if changm 
ur nwdod. BblopW wwyr and u i t r i r  u e  p u -  
ticukdy ~~ tor determining uw qualily ot 
warn UbJrct to ponninrd dhchugn. Sincr 
bbrunryr provlde ongoing integrative evUu.Uw 
Of the bmlogkal htegrity of resident biota, permit 

writers can make informed d.cir inr on whether to 
maintun or restrict permit limits. 

a. What expertise and staff wilt be needed !o 
implement a biological uilerla program? 

A. Stan wlth sound knowleege ot State aquauc 
biology and scirnliilc protocd ue needed to coor. 
dlnate a biological u i t h  propam. Actual fleld 
monitoring could b r  aaamplishad by Summer.hlre 
biologists led by permanon( Maff aquatic b~olog~sls 
Most Stater employ equ.tlc biologiata for nonllor. 
ing trends or irruing sitr.sp.ciflc permits. 

0. Which management personnel should be 
inwlved ina biologically-byed approach? 

A. Managemrnl pwamwl from each area 
within the atandude and monitoring programs 
3hould b. invohrd in thb rpprom2h. including per. 
mil mginnrr. mource mmagrr, and field per 
ronnol. 

a. How mud, d l  this wpm& cost? 

A. The cost of -ping M o b g i iwterle 1s a 
Stato4peafic qwrtl0n depo$ing upon many van. 
ablu. HWWY. Stat08 Ulal h.V. implemented a 
biological aimria program h~ burd  it to be cost 
u(lrctive (e.0.. Ohb).BiobgkU oltrria pmv~de an 
integrative maeumrcll wr Urn. BbUrenod mul. 
lipla impacts. TWng tor ImpJnnem of rrs~dent 
aquatic wrnmunw an aWUly rqulre less 
monitoring thm would bo rwqulred to detect many 
impacts using mom tnditbrul mHhods (e g 
c h m ~ u ltesting tor episodic wents). 



A. Ohchugrn M ewrmod Wk4 
uleria w l l  identify hrp.inneWs lhd my be u-
ronrously anributed to rn d l r s h ~ ~ wwho ie not 
reaponribla. This is a Iegltimda conwm that the 
d b c h ~ g wand Slate murt a d d n u  WI w e b 1  
evUuUlons and di.gm8b 01 uuu 01 imP.irmrM. 
Howww. ilIs pMkululy importent to enwre thrt 
w u m  used for the reference condition w not U-
reedy impaired u m y  occur when Conduaing 
site-$pacific uprtreUndomrtr.Un 0VUu.tiOne. Al-
though a dirckuger may be contributing U, lur(8Ce 
w U u  degradstion, it my be h u d  to dr(W uring 
biosuwey method8 ifthe watrrbody is alwimpaired 
from other sources. Thi un be waluatrcl by t u t -
ing Me possible t o x k ~  of efluenl.free refuencr 
waters on sensitive orgmirm. 

Dischargefa are also concerned that current 
permil lim~ts may become m r e  Stringent ifit is 
determined that InWtitIQ chemical and Mole-el- 
fluent pwmr limits ur nor sufficient to protect 
aquPUc life tmm diichargw .divlciU. AnwMtive 
form8 of rbgulUion may ba needed; I h a e  u o  n a  
necessarily finurially Durdnrome bul could in- 
M l V O  addi i iod eXpl)#UC 

8urdenme monhoring requirements w addi-
tional wncemr. Wm n w  rapid bbmamunern 
protocols available for n r e ~ n r .  and u n d r  develop 
ment tor other surface waters, mmitoring resident 
biota is becommg more nraightforwud. Since mi-
dent biota provide an in tegWe m u r w  of m-
vironrnenlal i m p M I  over Ume. the need for 
continual biomonitorhg 11 lmully lowu than 
chemiul analyses and generally iw @wish. 
Guidanu ia being developed 0 .*lbliah .ca~I-
able rrrearch protocab. qualily .uunnalquUity 
conad pmgruna end training o p p o m y r  to .n. 
sure that adequal@ gu idms ia wailable. 

A EnviionmentUlsburnconctmdthrr bblogC 

du i t r *  could be used to UIM r m ~ c t b n rona,-

chugen if biwurvy dam lndiute atUinmon1 01 a 

designated use oven though ch*niul &aria 

and/or whole-emuent toxidty wUuaUons predicl im. 

pairmam. Evidmu suggutr Uut thl8 occur8 i n k  

quenlly ( q . ,  in Ohio. 8 g~crnlof 431 ales 

OvaIuYW using chemical-specific critwk and 

biosurveyr resulted in chi. dbegrwment). In thoae 


a8uw h e n r v i d m r  ruggum more Uun one con- 
dueion, kdependent w p l i i n  applies. If bilogi- 
d crkeri. muggoal lmpelrmonl but chemical. 
specific andlor whole-effluent toxldly implies anain- 
mmt of the use, the u u r e  lor impUnnel of the 
biota ia to be walurud and. where appropriate. 
rogulaled. If whole e f lwn l  anQlQr Chmicai-specific 
criteria imply impalnnent bul m impairment is found 
in rwidenl bi&. the whole-rfluenl anQlor chemi. 
cal-specific criteria provide the basis for regulation. 

0. Do biologicd cdfeda haw to be codified 
inSfafe regulations? 

A. State watu puslily rlmdords require three 
component$: (I) designatrcl user. (2) protective 
uiterirn. and (3) an mlidegrada~ion clause. For 
crileria to be enforcnble they mun be codified in 
regular~c~s.Codification could involve genera nar. 
ralive statements of biological criteria, numertc 
crlena, andlor criteria accompanied by specific test. 
in@ proceduru. Codifying general narratives 
provides thr m a t  melhodr for flutibility--rp.cik 
d m  coI11*10n the least flexiblllly-tor lnmrporating 
new data and improving date gathering methods as 
the biological criteria program dwelops. States 
should u r e b l ~ ~  how cod i i  these wnakler to 
~ 1 8 ~ 8 .  

0.HOW will biocrrfede fit in'to the agency> 
melhod of implementing standards? 

A Resident biota intograte multiple impacts 
Over time end can deleel Impairment from known 
and wrkmvm ca.cDr. BiotritaIh un br used to 
verify imprwenmnt in w U u  quality in rwponse to 
reguluory r((omand dele contlnuirq degradation 
of wetm. Thy  pmvidr a mnr*rak(adeveloping 
imprwed best muraganent pm*lcw for nonpoint 
source imp-. Numeric c r h h  u n  provide effec 
tiw monitoring critrrla for lndu8im in pumW. 

a. Who d e t # m u t l ~  th,values kfbbIogiUIl 
critem anddocidea h t h n a  watrdmdy meets 
Ih.  criteria? 

The procua ol developing bblogicaJ criteria, in. 
cluding retined us. cktaws, nunW criteria, and 
numeric uitsria, mun indude qensy managers. 
staff biologists. and the publk through publiC hew 
ings and comment. Once aitwi. ere established. 
delerminlng anainmmt\nonrl(einm.n( of a use re. 



quiresbiological a d  r t l t b t M  evaluation based on 
eatabliihed pmtoeols. Changes in the criluir would 
rquire the s a w  atepa as the initla Criteril: tuhni- 
c& modifiuIionr by blologirts. god clarifWion by 
agency managen, and public hearings. The key to 
criteria dwebpment and reviaion i8 a clear state. 
mmt of measurable objectives. 

a. What addMona/ lnformatlon k available 
ondevdopingandusing biologicalcritefia? 

A This program guidance document will be 
supplemented by me document Blologrul Criferfe 
Development by SUfw that indudes case histories 
of State implemantalion of biological criteria as nar. 
ratives, numerics, a d  some data procedures. The 
purpose for me document is to expand on material 
presented in Pan I.The document wili be available 
in October c9W. 

A general Biological Criteria Rcnnical Reler- 
once Guide will also be available for distribution 
during W 1991. This document outlines basic a p  
proache9 lor developing biological criteria in all sur- 
face wstem (streams, rhrera. iakes. wetland$. 
eslurrles). The primary focus d the document is to 
provide a reference guide to scientific liieraturo that 
describes appraachea and methods used lo dater. 
mine biological integrity of specific surface water 
types. 

Over the next triennium more detailed guidance 
wili be prouuced that locuses on each surface water 
type (0.g.. technical guidance fo? atreams will be 
produced during W 91). Comparbons of different 
biosurvey approaches wilt be indudoa for armraw. 
efficacy, ma cost s((enhrene.a. 
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From: George Nichol 
To: Rogers, Kat 
Date: 1/24/03 3:20PM 
Subject: Re: Dental 

Should Ifirst tw and see if Darlene has a contact at DPA who writes the contract to Delta? About a year 
ago Idid talk to a Delta person, and he said Iwould have to talk to someone, when the time came, that he 
called the "Detailer". or somethina like that. who wrote the dental contract from DPA to Delta Dental. But I -~ . - -~ ~ 

didn't want to short-circuit the sysiem 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 Nichol 1/24 1:42p >>> 

Well, Iguess it is time to start my next phase of my dental claim saga. As you recall Iwas allowed to 

back-pay my premiums to December 1999 after it was determined that Ishould have been allowed to join 

at that time. Idid 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 Ishould take to Delta Dental to try to get paid? Idid tell them in a letter 

with my original claim that Iwas allowed by my agency to pay the back-premiums because it was 

determined In 2002 that Ishould have been allowed to join Delta Dental in 1999. 
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Derivation of the 1985 
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Derivation of numerical national water quality aiteria for the protection of aquatic organisms and 
their usesisa complex pmc~ps that usesinformationfrom many are- of aquatic toxicology. When a 
nationalcriterion is needed for a particular material, all availableinfomation concerning toxidty to 
and bioaccumuktion by aquatic organisms is collected, reviewed for acceptability, and sorted. If 
enough aaeptable data on acute toxicity to aquatic animals are available, they areused to estimate 
the highest one-hour average concentration that should not result in unamptableeffects on aquatic 
organisms and their uses. If justified, this concentration is made a function of water quality 
characterirtia such as pH, salinity, or hardness. Similarly, data on the duonic toxiaty of the 
material to aquatic animals are used to estimate the highest four-day average concentration that 
should not cause unacceptable toxiaty during a long-term exposure. If appropriate, this 
concentration is also related to a water quality characteristic. 

Data on toxidty to aquatic plants are examined to determine whether planb are likely to be 
unacceptably dected by concenhations that should not cause unacceptable effects on animals. 
Data on bioaccumulation by aquatic organisms are used to determine if midues might subpa 
edible species to mtrictions by the U.S.Food and Drug Admiitration (FDA),or if such residues 
might h a m  wildlife that consumes aquatic life. All other available data are examined for adverse 
effects that might bebiologically important. 

Ifa thorough review of the pertinent information indicates that enough acceptable data exists, 
numerical national water qualitv criteria are derived for fresh water or salt water or both to protect 
aquatic OqytiSms and thek us& from unacceptable effects due to exposures to high concentktions 
for short periods d time, lower concenhations for longer periods of time, and combiatiom of the 
two. 

I. Definition of Material of Concern 

A. 	 Each separate chemical that d o e  not ionize substantially in most ~ h l d  bodies of water 
should usually be considexed a separate material, except possibly for s t ~ d w a l l y  s i m i i  
organic compounds that a b t  only in large quantities as commercial mixtures of the 
various compounds and apparently have similar biological, chemical, physical, and toxi- 
cological properties. 

8. 	 For chemicals that do ionize substantially in most natural waterbodies (e.g., some phenols 
and oreanic ad&, somedtsof ~henols and manic  acids. and most imrnanic salts and 
coordlktion complaes of metais), all forms ininchemical & i i i r i u m  shoGd usually be 
considered one m a t e d .  b c h  different oxidation state of a metal and each different 
non-ionizable cwdently bonded organometallic compound should usually be 
conside~da separate material. 

C. 	 The definition of the material should indude an operational analytical component 
Identification of a material simply, for example, as 'sodium' obviously implies 'total 
sodium' but leaves room for doubt. If 'total" b meant, it should be expliatly stated. Even 



'total' has different o p t i o n a l  definitions, some of which do not nmrsarily m a s u e  
'all that is there' in all sample. Thus, it is a h  nmJsary to reference or describe one 
analytical method that isintended. Theoperational analytical component should tak into 
account the analytical and envimnmental chemistry of the material, the desirability of 
using the same analytical method on samples from laboratory tests, ambient wata  and 
aqueous eftluenb, and various practical c o ~ i d e r a t i 0 ~  labor and equipment such u 
requirements and whether the method would require m e a s m e n t  in the field or would 
allow measurement after amp lea are t-ed to a laboratory. 

The primary q i r u n e n b  of the operational analytical component are that it be 
appropriate for use on samples of receiving water, compatible with the available toxicity 
and bioammulation data without making overly hypothetical extrapdatiom, and rarely 
result in underprotection or overpmtcction of aquatic organisms and their uses.Because 
an ideal analytical measwemat willrarely be available, a compmmise measurement will 
usually be w d .  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 aremade on a surface water). Because the chemical 
and physical pmpcrties d an effluent are usually quite different from t h a ~  of the 
receiving water, an analytical method amptable for analyzing an effluent might not be 
appmpriate for analyzing a W r i n g  water, and vice v e ~ .  If the ambient concentration 
&lnftd h m  a measured concentration in an d u e n t  is higher than the national 
criterion, an additional option is to m u r e  the concentration after dilution of the effluent 
with receiving water to determine if the measured concentration is lowered by such 
phenomena as complaation or sorption. A further option, of course, is to derive a 
site-speafic criterion (1.23). Thus, the criterion should be based on an appropriate 
analytical measurement but the criterion is not rendered useless if an ideal measurement 
eitherisnot available or is not feasible. 

The analytical chemishy of the material might need to be considered when defining 
the material or when judging the acceptabilityof?ome toxicity tesb, but a criterion should 
not be based on the semitivitv dan analvtical method. Whenaauatic omnismsare more 
sensitive-than routine analhcal methocis, the proper solu60n is t: develop better 
analytical methods, not to underprotect aquatic life. 

11. Collection of Data 

A. 	 Collect all available data on the material concerning toxiaty to, and bioaccumuktion by, 
aquatic animals and plants; FDA action levels (compliance Policy Guide, U.S. Food k 
Drug Admm. 1981)and dvonic feeding studies and long-term field studies with wildlife 
spedes that regularly consume aquatic organisms. 

B. 	 A11 data that are used should be available in typed, dated, and signed hard copy 
(publication. manurript, letter, memorandum) with enough supporting information to 
indicate that acceptable test procedures were used and that the mults arr probably 
reliable. In some carus, additional written information from the inwstigdtor may be 
needed. Information that is confidmtial, 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 conhol treatment tests in which too many 
oganlsmr in the conhul treatment died or showed sign, of stms or disease, and tests in 
which distilled or deionized water was wed 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 emuls ible  concentrates of the material may not be wed. 



E. For some highly volatile, hydmlpble, or degradable mataiab, only use data from 
flow-through tcM in which the concmtratiom of t a t  material wue measured often 
enoughwith rmptable analytical methods. 

F. Data shouldbew e d  if obtainedby using: 
BrinesMmp-becausethey usually occur naturally only in water with salinity 
greaterthan35g l k g  
Speciesthat do not have rrprodudngwild populatloru in North America; or 
Organismsthat w m  p r e v i d y  exposed to substantialcmmtratiow of the test 
material or other contaminants. 

G. Questionabledata. data on formulated mirturrs and emubib le  concentrates, and data 
obtained with n o k i d e n t  species or previously exposed organisms may be used to 
provide auxiliaryinformationbut should not be used in the derivation of aiteria. 

111. Rquired Data 

A. CeNin data should be available to help emure that each of the four mapr ldnds of 
posslble advme effects d v a  adquate comideration: rrsulh of acute and chronic 
toxicity t e h  with representativespecie of aquatic animals are nmssary to indicate the 
sensitivitia of appmpriateuntested species. However, since procedures for conducting 
tests with aquaticplantsand interpretingthe resultsarenot as well developed, fewer data 
conceming todeity are -red. Finally, data conceming bioarmmulation by aquatic 
organisms are required only with relevant informationon the significanceof residues in 
aquaticorganisms. 

8. Toderive a criterion for freshwateraquaticorganismsand their w,the followingshould 
be available: 
1. Results ofacceptableacute tests (seesection IV) with at least one speciesof freshwater 

animal in at least eightdifferent families includingall of the following: 

The familySalmonidaeintheckss Osteichthyes. 

A second familyin the ckssOsteichthyes, preferablya commerciallyor 
recreationally importantwarmwaterspecie, such asbluegillor channelcatfish 

A third family in the phylum Chordata (maybe in the classOsteichthyesor may 
be an amphibian,etc.). 

Aplanktonicaustacean such asa cladoceran or copepod. 

Abenthicmstacean (ostracod,isopod, amphipod, crayfish,etc.).- An insect (mayfly,dragonfly,damselfly,stonefly,caddisfly, mosquito, midge, etc.). 

Afamily in a phylum other than Arthropods or Chordata,suchasRotifera, 
Annclida, MOUUJC~ 

Afamily in any orderof insect orany phylum not alxeadyrepresented. 

2. Acute-chronicratios (seesection VI)with species of aquatic animals in at least three 
differentfamilies, provided that: 

At least oneisan invatebrate; and 

At least om isan acutely sensitivefreshwaterspecies (theothertwomay be 
saltwaterspecies). 

3. Resulh of at least one amptable t a t  with a freshwater alga or vkvuhr plant (see 
section VIQ. If the plants areamong the aquatic organisms that are most sensitiveto 
thematerial, test dataon a plant in another phylum (divuion)shcuidalsobeavailable. 



4. At l a r t  one acaptable bioconcmtration fada determined with an appropriate 
hrahmter s p e d n  if a mudmum permirsible tissue concmhation b available (see 
sectionDo. 

C. To derivea critaion for aalhvater aquaticorganismsand their uses, the followingshould 
beavailable 

1. Rewlb of acceptabk acute teah (see sation IV)with at leaat one spedes ofsaltwater 
animalin at kuteightdiffmnt families,indud i i  dlof the following. 

'Fwoh m i k  in the phylum Chordatr; 

Af d y  in a phylum otherthan Arthropods or Chordata; 

Eitherthe Myaidaeor Penaeidaefamily .Thm other familiesnot in the phylum Chordata(mayi d u d e  Mysidaeor 
Pmaeidae, whichever was not used previously);and 

Any otherfamily 

2 A c u t e h n i c  ntioe (see section VI)with species daquatic animab in at least thm 
d-t families,provided that of the thme species: 

Atleaatoneisafhh; 

At kart o n  b an invertebrate;and 

At least one is anacutelysensitivesaltwater species(theother maykanacutely 
sensitiveW w a t a  spedes). 

3. Results of at least one acceptable test with a saltwater allta a vascular plant laee 
d o n  Vm). If plantsareaniong the aquaticorganismsmssensitive to th;mat& 
m u l b  of a t a t  with a plant in another phylum (division)should alook available. 

4. At las t  one acaptable bioconcentration factor determined with an a p p r o p ~ t c  
saltwater spedes, if a maximum permissible tissue concentration is available (see 
section DO. 

D. If all rrquircddata are available, a numerical criterion can usually k derived, except in 
spedal am.For example, derivation of a criterion might not k poAbIe if theavailable 
acute-duonic ratios vary by mom than a factor of 10with no appirent pattern. Also, if a 
criterion ia to k mlated to a water quality chancterirticT (see &OM V and VII), more 
data willk necessary. 

Similarly, if all required data are not available, a numerical criterion should nee k 
derived except in specialcaaa. For example,cvmif not enoughacuteand chronic dataarc 
available, it might kposrible to derivea criterioniftheavailabledata dearly indicate that 
the F iResidue Value should k much lower than either the Final knitValue or the 
F iPlant Value. 

E. Confidence in a criterion usually increase, as the amount of available pertinent data 
inaeaaea.Thw,additionaldata arc usually desirable. 

IV. Find Acute Vdue 

A. Appropriate measurea of the acute (short-term) toxicity of the material to a variety of 
species of aquatic animab am wd to calculate the F iAcute Value. The Final Acute 
Value ia an estimate of the concentration of the material, comrponding to a cumulative 
probability d 0.05 in the acute toxicity valuer for genera used in acceptable .cute teats 
conducted on the material. However. in aomecaws, if theSpccieaMean Acute Valued a 
commneLlly or -tionally Lhportant speciesb lower than the calculated Final Acute 
Value, then that S p d e r  Mean Acute Value mplaccs the calculated F iAcute Value to 
p r o t a  that importantapecia 



8. 	 Acute toxicity tests should have been conducted using acceptable procedures (ASTM 
StandardsE 729and 721). 

C. 	 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 t a t  material. 

D. 	 Results of acute terte conducted in unusual dilution water (dilution wata  in which total 
oxgar& carbon or e c u l a t e  matter a m d e d  5 mglL) should not be used unless a 
relationshipis developed between acute toxicity and organic carbon or parliculate matter 
or unlesa data show that the organic carbon or particulatematter docs nct affect toxiaty. 

E. 	 Acute values should be based on endpoints that reflect the total severe acute adver~e 
impact of the teat material on the organisms wd in the test. Therefore, only thefollowing 
kinds ddata on acute toxicity to aquatic animals should be used: 

1. 	 Tests with daphnids and other dadccerans should be started with organisms less than 
7.4-how old, and tests with midges should be stressed with second- or third-instar 
larvae. The mult  should be the 48-hour ECW based on percentage of crganisms 
immobUized plus percentage dorganisms killed. Ifsuch an ECm isnot available from 
a t s t  the 48-hour LCmshould be used inplaceof the desired 4&hourECm. An ECmor 
LCM of longer than 48 hours can be used as long as the animals were not fed and the 
control animalswere acceptable at the end of the test. 

Z 	 The result of a test with embryos and larvae of barnacles, bivalve molluscs (dams, 
musscb, oysttn, and scallops), sea urchins, lobsten, crab,shrimp, and abalones 
should be the %-hourECm based on the percentage of organisms with incompletely 
developed shells plus the percentage of organisms killed. If such an ECS is not 
available fmm a test the lower of the 96-hour EC= based on the p e n t a g e  of 
organisms with incompletely developed shells and the %hour LC50 should be used 
in place of the desirrd %hour ECm. If the duration of the test was behveen 48 and % 
hours, the ECwor LCy~at the end of the test should be used. 

3. 	 The acute valua from tests with all other freshwater and saltwater animal species and 
older life stages of barnacles, bivalve molluscs, sea urchins, lobsten, crabs, rhrimps, 
and abaloms should be the %-hour ECU, based on the percentage of organisms 
exhibitingloss of equilibrium, plus the percentage of organisms immobiied, plus the 
percentage of organisms killed. If such an ECm is not available from a test, the%hour 
LCa should be used in place of the desired %hour ECm. 

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

5. 	 If the tests were conducted properly, acute values repotted as 'greater than' values 
and those above the solubility of the test material should be wedbecause +on of 
such acute valua would unnecewdy lower the Final Acute Value by eliminating 
acute values for resistant species. 

F. 	 If the acute toxicity of the material to aquatic animals apparently has been shown to be 
related to a wata  aualih, characteristic such ar hardness or particulate matter for 
h h w a t e r  animals 4&ty or particulate matter for saltwater .kimals, a Final Acute 
Equationshould be derived based on that water quality characteristic. (Goto section V.) 

G. 	 UtheaMilabledata indicate that oneormorelifestagesareat kart afactcrd 2mom mistant 
thanone or more other lifestaga of thesame spedes, thedataforthemoreresistantUEestages 
should notbewedin the calculationof theSpeciaMeanAcute Valuekcarucaspedes cank 
ComiddprotectedfromacuktdatyonlyIfaUUEestagesarrpraected 

H. 	Theagmment of the data within and between speciesshould be considered. Acute values 
that appear to be questionable in compariwn with other acute and dvonic data for the 
same specia and for other species in the same genus probably should not be used in 



calculation of a Species Mean Acute Value. For example, if the acute values available for a 
species a genus differ by mom than a factor of 10, some or all of the values probably 
should not be uaed incalculations. 

I. 	 For each species for which at least one acute value is available, the Species Mean Acute 
Value should be calculated as the gcometxic mean of the rrsults of all flow-through tests in 
which the concentrations of test material were measured. For a speciesfor which no such 
mul t  is available, the Species Mean Acute Value should be calculated as the geomehic 
mean of all available acute values - i.e., results of flow-through tests in which lhe 
concentration8were not measured m d  results of static and renewd tests based on initial 
concentrations of teat material. (Nominal con cent ratio^ are acceptable for mart test 
materials if measured concentrations are not available.) 

NOTE Dau reported by original invatigatas should not k munded off. Results d all 
intermediate ulculationrshould be munded tofoursignificantdigib. 

NOTE The geometric mean of N n u m k n  is the N ' ~root of the product of the N numkn. 
Aitenutivdy, the geomehic mean can be calculated by adding the logarithms of the N 
numbn, dividing the sum by N, and bung the anliiogd the quotient. The geometric mean 
of two numbeta b thesquare root d the product dthe two numbeta, and the gcomcMc mean 
of one number is t h l  number. Either natunl b w  0) orcommon (buc 10) logarithms can be 
used toca~cu~ate gcometricmrana as longu they k u v d  consistmtly wiihin-each wt of data 
(ie., theantilog uwd must match the logarithm uxd). 

NOTE:Ccomelric meana nther than arithmetic meatware used here because the dirhibutionr 
of individual organisms' wnsitivitia in toxicity tntron most matcrills, and the distributions 
of rpccics' rcnsitiviaiea wiUnin a genus, a r e m e  likely to klo@ormal than namal.Similarly, 
granrMc means am uaed fa xute-chmnic nnos and bioconcenbatlon factas beaux 
quotienu m likely to k clavr to lognormal than normal distributioru. In addition, division 
df the grometrik mean d a x t  i f  numenton by the geometric mean of the set of 
cmponding denominaton will mull in the gcomeMc mean of the xt of corresponding 
quotients. 

J 	 The Genus Mean Acute Value should be calculated as the geometric mean of the Species 
Mean Acute Values available for eachgenus. 

K. 	 Order theGenus Mean Acute Value from high to low. 

L. 	 Assign ranks, R to the Cenw Mean Acute Value from '1' for the lowest to "N" for the 
highest. If two or more Genus Mean Acute Values are identical, arbitrarily assign them 
successiverank. 

M. Calculate thecumulativepmbability,F', foreachCarusMean Acute Value as RI(N+I). 

N. 	Select the four Genus Mean Acute Values that have cumulative pmbabiiities dceest to 
0.05. (If them uc l a a  than 59 Genus Mean Acute Values, these will always be the four 
lowat Gmus Mean Acute Values). 

0.Using theselected Genw Mean Acute Values andPs, calculate: 

(Sce original document, referend at beginning of this appmdix, for development of the 
calculation pmcedw and Appmdk 2for example calculation and computer program.) 

NOlE Natural logarithmr (logarithms to base e, denoted u In) am uwd k i n  merely 
b e a u =  theym eder  to uxbn-me hand crkulatoo and canputen than common @rw 10) 
logarithm. Combtent uuofeither will produce the m e  mult. 



F! 	 If for a commercially or recreationally important species the geometric mean of the acute 
values fmn flow-through t a t s  in which the concentrations of test material were 
measured islowerthan thecalculated P m l  Acutevalue, then that geometric meanshould 
be used rutheFinal Acute Value instead of the calculated Final Acute Value. 

V. F i d  Acute Equation 

A. 	 Whenenoughdata amaMUaMctashow that acute toxicity to twoor m m  species is simihrly 
rrhted to a-water quality dtm&r&ic the rrlationshipshould be t& into account & 
dmuibed in se3icm-Nstep6B through C, or uringanalfsia dcov-Q. Thetwomethods 
areeauivalent and ~ d u a  identical mulb. 'Ihemanual method d d b e d  below m d e s  
an ur;dentandim i f  this avvlication of covariance analvsis, but comvuterized vekions of 
covariance anal$ir are mu& m m  convenient for analykng large da& tests. If two or more 
facton affecttoxicity, multiple Rgrrssionanalysisshould be used. 

8. 	For each speciu for which comparable acute toxicity values areavailable at two a more 
different valuu d the water quality characteristic, perform a least squans regression of 
the acute toxicity valueson thecorrcspondingvalues of the water quality characteristic to 
obtain the slope and its 95 percent confidence limits for each species. 

N07E:kauae  the best documented relationship fining these data is that between hardness 
and acute toxicity of metab in hrshwater and a log-log relationship, grometric means and 
natural lomrithnis ofboth toxicitv and water aualih a 6  used in the &st of this section. For 
mbtionsh~baudon othctwat& quality char~clu~t~cssuch aspH. temperature.orulintly,
no mnrfarmtion or a different mluformahon mlnht fit the data better. and aoomnatr -	 .. . 
C h U I p  w w k k .  

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 
agmmmt 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 b e d  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 speoes and for other species in the same 
genus pmbably should not kused. For example, if after adjustment for the water quality 
characteristic the acute values available for a specla or genus differ by more than a factor 
of 10, probably some or all of the values should be +ted. 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, rehlmto section 1V.C. using the results 
of tests conducted under conditions and in waters similar to those commonly used for 
toxicity tests with thespeck. 

D. 	 Individually for each species, calculate the geometric mean of the avaihble acute values 
and then divideeach of theseacute values by the mean for the species.Thisnormalizes the 
valuessothat the geometric mean of the normalized valuu for each species, individually, 
and for any combination of species is 1.0. 

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

F. 	 Individually for each species, perform a least squares regression of the normalized acute 
tcaddlyvaluuon the comwndinn  normalized values of the water aualitv characteristic. 
The &ulting slope and 95~Fmi~nfidmce limits will be identicai to doseobtained in 



step8.H-a, now, if the data areactually plotted, thelineof beat fit for each individual 
speciesw i U  go through thepoint Ll in the center of thegraph 

G. 	Tmt no- data as if they wsc all for the same species and perform a kartsquares 
mgmsion d all the nonndized acute valua on the cormparding normalized valua of 
the water quality c h a m c t ~ c  to obtain the pooled acute dope,V, and i b  95 pmrnt 
confidence limits. If all the m&cd data M adually plotted, the line of beat 61 will go 
through the point 1.1in themterof thegraph 

H. For each spaies dculate the geometric mean, W, of the acute W t y  valua and the 
gcomark mun, X, of thevaluesof thewata quality charactdatic. (Thesewcrecalathtcd 
in stepsD and E.) 

I. 	 For each species,calculate the logarithm, Y. of the Species Mean Acute Value at a elected 
value, Zofthe water quality characteristic using theequation: 

Y =  In W-V(1nX-InZ). 

J. 	 For each specie, calculate the SMAV at Z usingthequation: 
smv= cv. 

NOIF: Altcmrtively, thcSpder Mem A ~ t eValunat Zan be obtained by sldpplngrtep H 
urine the eauatioru in stem I md J lo adiud each xuk value individually to 2,and then 

This alternative procedure allows an examinationof the range of the adjusted acute 
values for eachapecia. 

K. Obtain the Final Acute Value at Z by using the procedure d m i k d  in section IV,stepsJ 
h u g h  0. 

L. 	 If the S o d a  Mean Acute Value at Z of a commadallv or m t i o r u l l v  imuortant sxdes  
is 10- than the calculated Final Acute Value at Zihm that Speci&~e& ~cut&alue 
should be used as the Final Acute Value at Z instead of the calculated Final Acute Value. 

M. 'IhcF iAcute Equation bwritten as: 


~ i n d  value = e(Vlln(waIerquluy chaMnlslfc)I t In A .  V[ln ZD 


where 

V = pooled acute slop 
A -Final AcuteValueat 2 

Because V. A, and Z M known, the F i Acute Value can be calculated for any 
xlcacd value of the water quality charactlrirtic. 

W. Final ChronicValue 

A. 	 Depmdlng on the data that are available concerning chronic t d d l y  to aquatic animals, 
the Final Chronic Value might be calculated in thesame manner as the Final Acute Value 
or by dividing the Pirul Acute Value by the F iAcute.Chmnic Ratio. In some aus,it 
may not kpossible to calculate a Final Chronic Value. 

NOIF: As the MOMImpUes, the Acute-Chrrmlc Ratio b a way of dating acute and chmnlc 
toxicitla. Th.AcuteGmnlc Ratb is bnkally the lnvrne of the appllcatlon hcta, but thb 
m name bk(tubeauv it bm m  d&~Uve and should hcb~ & e n tconfusionbetween 
'applkation hcton' and 'nfety hctm: Acutc~hmnlc ;ld app~~cation R.U& w o n  ur 
waw d relatlnn the a t e  and chronic toxicitla d a material lo aauatlc axanlms. S ~ f r k ~  
hcion am w d  to provide m extn margin d ufeky beyond ~ i eknown ol crtimad 
aendtivit*.of aquatic ot@snu. Another advantag dtheAculeChronic Ratio irh t  It will 
wurlly be p t u  tbn I; this should avdd the c o ~ l o nu to whether a iy applkatlon
ham In one that b c l a e  to unity orone that h u  a dmominatat b t  is much greater than the 
numuator. 



8. 	 Cluunk values should be based on mults of flow- through chmnic t a t s  in which the 
concenbstionaof test matcrial in the test solutions w m  pm&rly measured at appropriate 
times during the tat .  (Exception: renewal, which is acceptable for daphnids.) 

C. 	 Rcsulta of chronic teatsin which swival, growth or reproduction in the control treatment 
was unacceptably low should not be used. The Urnits of amptabillty will depend on the 
species. 

D. Resulta of chronic t a t s  conducted in unusual dilution water (dilution wata in which total 
organic carbon a pu t ida t e  matter exceeded 5 mglL) should not be wd, unless a 
rdationrhip b devdoptd between chmnic toxicity and organic carbon or particulte 
matter, or unless data ahow that organic carbon, particulate matter (and so forth) do not 
&ea toxidty. 

E. 	 Chmnic values should be based on endpoints and lengths of exposure appropriate to the 
spedes. Therefore, only mults of the following kinds of chronic toxicity tests should be 
wd: 

1. 	 Life-cycle W d t y  ta t s  consisting of exposum of each of two or more group of 
individu& of a ipedes lo a di[l&nt cokntration of the test material thmughbut a 
life wcle. To ensure that all life s t a m  and l i e  ~ r o c a e a  arr ex&. tests with fish 
shodd begin with embryos or newry hatched y$ung 1- than&hours old, continue 
through maturation and reproductio~ and end not leu than 24 days (90 days for 
salmcnids) after the hatchihg of the next genaation. Tests with daphni& ihould 
be& with vounc laa  than24-hours old and last for not 1- than 21 dam. Tests with 
m$& shohd b;ginwith young less than 24-how old and continue unhl seven days 
paat the median timeof &st brood release in the controls. 

For fish, data should be obtained and analyzed on survival and p w t h  of adults 
and younk matuntionof males and females, eggs spawned per female, embryo 
viability (salmonids only), and hatchability. For daphnids, data should beobtained 
and analyzed on survival and young per female. For mydds, data should be 
obtained and analyzed on survival, growth, and youngper female. 

2. 	 Partial lifecycle toxidty tests consisting of exposures of each of two or more group of 
individuals in a fish s&u to a concentration of the test m a t e d  throueh mcat 
po%ona of a life cycle. fattial lifecycle tests are allowed with b h  species tharrequirr 
more thana year to reach sexual maturity sothat all major life stages canbe exposed to 
the test materid in less than15months. 

Exposure to the test material should begin with immature juveniles at least two 
month prior to active gonad dwelopment~contiiue through maturation and 
re~mduction. and end not 1- than 24 davs (90 davs for aalmonids\ after the 
hitching of the next peration.  Data shohdbe odtained and ana lGd on swival  
and growthof adulta and young, matuntion of males and females, egga spawned 
p a  female, embryoviability (ralmonids only), and hatchability. 

3. 	 Early life stage t d d t y  tests consisting of 28. to 3tday (60 days post hatch for 
salrnonids) apaura d the early life staga of a fuh species from shortly after 
fd iza t ion  through embryonic, larval, and early juvenile development. Data should 
be obtained and analyzed on survival and growth. 

N m  Reaulaofan early life stagc teat an  uaed as predictions of rnults of life-cycle md 
~ r t l a llifc-cvck tab with the ume r d e s .  Thmfm. when mulb of I total or partial 
iik-rycletc;( a n  available, mulb  d i n  early life staget a t  with the ume sprciea ihould 
not be uwd. A h ,  mults of early life stage teats in which the incidence of mmtalitln a 
abnormalilia inrnrsed substantially near the end should not k uud because lhue 
muits m p a r b l y  not good predictions of the rnults of comparable total a pmirl iife 
cycleapaitid lltecycleieao. 



F. 	 A chronic value canbe obtained by calculating thegeomcbic mean of the Iowa and uppa 
chmniclimitsfrom a honk  t a t  or by analyzing chronic data using m i o n  analysis. A 
lower chrmic h i t  isthehighest tested concentration in an amptable chronic test that dld 
not caw m maoxpbble amount of advenc effect on any d the specified biological 
measuremenb and &low which no taked concentration c a d  anuna&ptable eff& ~n 
uamchmnlc h i t  bthelowest tated concentrdtion in an acceutable chronic test that did 
d&ean u~cceptableamount dad- effed on one amorr'of the specified biological 
measurements and above which all tested concentrations alsocawd such an effect 

NOTE Bccruse vuious ruthon hve wcd r vrrletv of tmns a d  ddnitlons to intemrrtand 
mulb dchmn*t-, npaccd multa rhohd be reviewed orefully. The rkount d 

=:hat b conaided unacceptable b ohrn b a d  on a aratisticri hvmthcdr test but miaht 
aba k ddned in t m of a spcified percent reduction from the cbhholr. A small pe&t 
duckion (e.g., 3prrmt) might kconsidmd rcnptabk even Ki t  isstatbtically significantly 
different 6 the conbol whmu r large p e n t  reduction (e.g., 30 pe~ent)mightbe 
cmidmd unacceptable evenif it b not statistically significant. 

C. 	If thechronic toxidty of the material to aquatic animals apparently has been shown to be 
rdated to a water quality characteristic such as hardness or particulate matter for 
freshwater animals o i  &ty or particulate matter for saltwater &imals, a Final Chronic 
Equationshould be derived based on that waterquality characteristic. Coto section W. 

H. 	If chronic values am available faspcbes ineight familiesas described in sections m.B.1 or 
III.C.1,a Species MeanChronic 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 Cenw Mean Chronic Values should also be 
calculated. 'lhe Flnal Chronic Value should then k obtained using the procedure 
described in section IrI, stepsJ thmugh 0.'lhmgo to s fdon  V1.M. 

I. 	 For each chronic value for which at least one comsponding appropriate acute value is 
available, calculate an acute-chronic ratio using for the numerator the geometric mean of 
the reaulta of all acceptable Bow-through acute tests in the same dilition water and in 
which theco~mtratiom were measud.  (Erceution: staticisacceotable f a  davhnids.) , .

For 6sh. the acute tat(s) should have beenconducted with juveniles and should have 
been part of the same study as the chronic test. U acute tests w c r ~  not conducted aspart 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 areavailable, an acute-chronic ratio should not be calculated. 

1. 	 For each species, calculate the species mean acutechronic ratio as the geometric mean of 
all acutechronic ratios available for that species. 

K For some material, the acute-chronic ratio vcms to be the same for all species, but for 
other materials, the ratio vcms to increase or d ~ e a s e  as the Species Mean Acute Value 
in-. ThustheF iAcute-Chronic Ratio can be obtained in four ways, dependingon 
the data available: 

I. 	 If the Species Mean Acute-chmnic ratio vcms to in- or d- as theSpecies 
Mean Acute Valueincreaws, theFinal Acute-Chronic Ratio should be calculated as the 
geomebic mean of the acute-chronic ratios for species w h w  Species Mean Acute 
Value axedose to the Final Acute Value. 

2 	U no major t m ~ d  b appamnt, and theacute-chmnic ratios for a n u m k  dspeciesam 
within a factor of 10, the F i Acute-Chmnic Ratio should be calculated as the 
geomebic mean of all the Specie Mean Acute-Chronic Ratios available for both 
fmhwater and saltwater species. 

3. 	 For acute tesb conducted on metals and poasibly other substances with embtym and 
larvae of barnacles, bivalve molluscs, sea urchins, lobsten, uabs, shrimp, and 
abalones (see section IV.E2), it h probably appropriate to assume that the 



acuteshmnic ratio is 2. Chronic tests are very difficult to conduct with most such 
spedes,but the sensitivities of embryos and larvae would l i i y  determine the results 
of life cycle tats. Thus, if the lowat available Species Mean Acute Valua were 
dctamincd with mbryos and Lrvae of such species, the Final Acute-Chronic Ratio 
should probably k a ~ u m e dto be 2, so that the Final Chronic Value is q u a l  to the 
CriterionMulmum Concentration (seesection M.B) 

4. 	 If the most appropriate Speciea Mean AcuteChronic Ratia, are less than 2.0, and 
erpeciillly if they are less than 1.0, acclimation has probably omrmd during the 
chronic test. Because continuous exposure and acclimation cannot k assured to 
pmvide adequate pmteclion in field situation% the F iAcute-Chronic Ratio should 
be usumed to k2, m that the Final Chronic Value is q u a l  to the Criterion Maximum 
Concentration(see&on M.B). 

If the available Speda Mean Acute-Chronic Ratios do not fit om of these cases, a 
F M  Acute-Chronic Ratio pmbably cannot beobtained, and a Final Chronic Value 
probably cannot kcalculated. 

L 	Calculate the F i  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, 
secabovction W.A. 

M. 	 If the Spedes Mean Chronic Value of a commercially or recreationally important species is 
low^ than the calculated Final Chronic Value, then that Specie Mean Chronic Value 

should be used asthe F i  ChronicValue instead of the calculated Final Chronic Value. 

N. 	 Co tosection Vm. 

VII. P i dChronic Equation 

A. 	 A Final Chronic Equation can be derived in two ways. The procedure desaibed here will 
mul t  in the chronic slope beingthe same as the acute slope. The prmdure d d b e d  in 
steps B through N usually will mul t  in the chronic slope bring diffemnt 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 ratio is probably the same for 
all s p e d s  and is probably independent of the water quality characteristic, calculate 
the F M  Acute-Chronic Ratio as the geometric mean of the available Species Mean 
Acute-Chronic R a t i ~ .  

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

3. 	 Usc V -pooled acute dope (seesection V.M) asL = pooled chronic slope. 

4. 	 Cotoaection W.M. 

B. 	 When enough data are available to show that c h i c  toxicity to at least one specie is 
da ted  to a water quality characteristic, the d a t i o ~ h i p  should be takm into account as 
d l r r i k d  in steps B through C or wing analysis of covariance. The two methods are 
equivalent and produce identical mults. The manual method d c x n i d  in the-next 
paragraph pmvida an understanding of this application of covariance analysis,, but 
computerized versions of covariance analysisare much more convenient fa analyzing 
large dataseb. If twoor more factonaffect toxicity, multiple regression analysisshouldk 
w d .  

C. 	 For mchspecies for which comparable chronic toxicity valua am availableat two or more 
different values of the water quality characteristic, pedorm a least squares ~gression of 



the chronk toxidty values on the mmspondingvalues of thewater quality characteristic 
to o h i n  the slope and ika95 p e n t  confidence limits for each species. 

NCYlE &.uw the bestdocumenled nlatio~Np fitting t h n r  data Is that khveen hrdnrv 
a d  acute loxkily of melab in t m h  waln and a log-bg nlatianhip, geomeh* means and 
nrltlral lotlrlthnb dbMh imicitv and water w l i 6  used In ~ tmof this section. For 
nlrkiod"P b a d  m other wat~qualltychu~ct&tica such as pH. kemprahm, ordinity, 
no mnsfamrtion or a diftermt hwfomation mi& flt the data kttcr, and a~~mgriate 
c h g a  will knrcauryUwu@out ihbrcctlon. It 6 probably pnlmMe, but noil;c&ry, 
t o w  theumr mtufonnatim i h t  wu wed with theacua v d u a  inarcttonV. 

D. 	 W d e  whether the data for each apedo are uvhrl taking into account the range and 
number d the tested values of the water quality characteriwc and the degree of 
agreement within and between speck. For example, a slope based on six daka poinka 
might bed limited value If founded only on data for a very wnnv range of values of the 
water q d t y  characteristic. A dope baaed on only two data points, however, might be 
usefulif it b consistent with other information and if the two points cover a bmad enough 
range of the water quality draracteristic. In addition, chronic value that appear to be 
questionable in compuison with other acute and chronic daka available for the same 
spedea and tor otherspcdcr in thesamegrnw probably should not be used. Por example, 
if after adjustment for the water quality characteristic the chronic values available for a 
species a genus differ by more khan a factor of 10, pmbably wme or all of the values 
should be rejected. 

If a weful chronic dope is not available for at least one species, or if the available 
slopes are too disdmi*r, or if too few data ur available to adequately define the 
relatiomhip between chronic toxicity and the water quality characteristic, the chronic 
slope is pmbably the same as the acute slope, which is equivalent to assuming that the 
acute-duonic ratio ia independent of the water quality characteristic. Alternatively, =turn 
to section V1.W using themutt,  of tests conducted underconditionr and in waters similar 
to those commonly used for toxicity tests with the species. 

E. 	 Individually for each specie, calculate the geometric mean of the available chronic values 
and then divide each chronic value for a s w c i u  by its mean. Thir normalizes the chronic 
values w that the geometric mean of the nbnnalizh values for each specia individually, 
and for any combination of species, is 1.0. 

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

C. 	Individually tor each species, pedorm a least squares rrgmsion of the normalized chronic 
toxicity valueson the corresponding normalized values of the water quality characteristic. 
The multing doper and the 95 percent confidence limitr will be identical to Lhose 
obtained in d o n  8. Now, however, U the data are actually plotted, the Une of best fit for 
each individual species will go through the point 1,1 in the center of the graph. 

H. 	 'Rrat all the normalized data as if they were all for the same spedes and perform a least 
squuar e m i o n  of all the normalized chronic d u e s  on the correspondinn normalized 
vdues of &e water quality characteristic to obtain the pooled chroni'c slope,^ and its 95 
v e n t  conhdena limits. If all the normalized data areactually plotted the lineof best fit 
willgo through the point 1,1 in the center of the graph. 

I. 	 For eachrpdes, calculate the geomelrlcmean, M, of the toxicity valuesand thegeometric 
mean, P, of thc values d the water quality characteristic. (Thesewe= calculated in steps E 
and F.) 

I. 	 For ach aped-, calculate the logarithm, Q, of the Species Mean Chronic Value at a 
selected d u e ,  Z of the water quality characteristic using theequation: 

Q-InM-L&P-hZ).  

NO= Although it Is nd necessary, it will usullly kbcrl  lo u x  the ume value d the watcr 
quaUlycknctniulc hmas wu wd lnaeclbn V.I. 



IC For each species,dculatea Species Mean Chmnic Value at Z using the equation: 

SMCV =eQ. 
NOTE Alt~tivelfitheSpcdeaMeanChmnkValumattcanbeobuined by sl;ippingsttpJ, 
using the qualiau in steps J and K to adjust each acute value individually to Zand then 
calculating the geomeWc mcana of the adjusted vrlua fa each specie individually. Thb 
altcmative pmcedun allow m examination of the nnge d the adjusted chmnic values for 
each Speck. 

' L. 	 ObWn the F i d  Chronic Value at Z by using the procedure dacr ikd  in section IV, steps J 
through 0. 

M.If the Species Mean Qvonic Value at Z of a commerdaUy a recreationally important 
species is lower than the calculated Final Chronic Value at 2,then that Species Mean 
Chronic Value should k w d  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.eB[ltMwalrrqulllychuwtr~btk)]+ In 5 - Llln ZU 


where 

L = pooled chronic slope 

S - Final Chronic Value at Z 


Because LS, and Z am known the Final Chronic Value can k calculated for any selected 
value of the water quality characteristic 

VII1.Fid Plant Value 

A. 	 Appmpriste measwuof thc todoty of the material toaquatic plants areused tocomparethe 
relative vrultMtk8of aauatic vknrr and antnals.Althouahumodurrs for conducting and 
intapitting thcresult3oitoddiytatrwith amnot &~'dseloped. resultsof tescwith 
pknta usually indicatethat criteriawhich adequately pmtect aquatic animalsand theiru s  
kllpmbably alsoprotectaquatic planb and th&&: 

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

NOTE: A test d the toxlcity d a metal lo a plant usually should not be used if the medium 
contained m accMive amount of a complning agent, such u WTA, that mighl affect the 
toxicity d the meul. Conanmtlona of ELYTA above about 200 vglL should prcbably be 
coruidmd ncnrive. 

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 theendpoint was biologically important. 

UC 	Firul Residue Value 

A. 	 The F i  Residue Value is intended to prevent concentrations in cornmerrially or 
recreationally impoxtant aquatic apeciab m affecting marketabilitybecausc they a m d  
applicable FDA actitm levels and to protect wildlife (including 6shn  and birds) that 
consume aquatic organiama from demonstrated unac-le effects. The Final Ruidue 
Value is the lowat of the midue valun that am obtained by dividing madmum 
pmnkrible tissue concmtratioru by appropriate bioconcentntion a bioa-ulation 
facton. A mudmum permissible tissue concentration is either (a) an FDA action level 
(Compliance Policy Guide, U.S. Food & Drug Admin. 1981)for fish oil or for the edible 
portion offish as h d b h  or a maximum amptable dietary intakebased on obsavatiaw 
on survival, grow* or rrprcduction in a chronic wildlife feeding study or a long-term 
wildlife field study. If no maximum permissible tissue concentration is available, go to 
sectionX b e c a w  no Final Residue Value can be derived. 



B. 	 Bioconcentration Factors (BCFs) and bioaccumulation factom (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 fmm water and thus almost must be 
meaaurrd in a laboratory test. Some uptake during the bimncmbation test might not be 
dkcctly fmm water if the food sorbs some of the test material before It is eaten by the test 
organism. A BAF ia intended to account for net uptake hum both food and water in a 
real-world situation. A BAF almost must be measured in a field situation in which 
predatom accumulate the material dirrctly from water and by consuming prey that could 
haveaccumulated the mat& from both food and water. 

TheBCF and BAF are probably similar for a material with a low BCP, but theBAF is 
probably higher than the BCF for materials with high BCFs. Although BCFs are not too 
difecult to determine, very few BAFs haw been measured acceptably because adequate 
measwements must be made of the material's concentration in water to ascertain ifit was 
reasonably constant for a long enough time over the range of territory inhabited by the 
orpnisms. Because so few acceptable BAFs am available, only BCFs will be discussed 
further. Howevez if an acceptable BAF is available for a material, it should be used instead 
of any available BCFs. 

C. 	 If a maximum 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 
metabolite that are shucturally similar and are not much more soluble in water than the 
parent material. 

1. 	 A BCF should be used only if the test was flow-through the BCF was calculated based 
on measured concmtratioru of the test material in tissue and in the test solution, and 
the exposwe continued at lest 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 as2 days or 16percent 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 highet BCF obtained, if apparent 
steady state was not reached; and the projected steady state BCF, if calculated. 

2. 	 Whenever a BCF isdetermined for a lipophilk material, the perrent lipids should alw 
be determined in the tiarue(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 ia similar to a BCF obtained with unaffected organisms of the same 
species at lower mncenbations that did not causeadverseeffects. 

4. 	 Because madmum permissible tissue concentrations are almost never based on dry 
weigh@, a BCF cal&lated using dry tissue weights must be converted to a wet tissie 
we ia t  basis. Ifno conversion fict& is reported-with the BCF, multiply the dry weight 
BCF by 0.1for plankton and by 0.2 for individual spedes of firheand invertebrates. 

5. 	 If more thanone acceptable BCF is available for a species, thegeometric mean of the 
available values should k used; however, the BCFs are fxum different lengths of 
expoawe and the BCF inmasea with length of cxpcsuze, then the BCF for the longest 
expooweshould be ueed. 

E. 	 If -ugh pertinent data exists, revnal reaidue values can be calculated by dividing 
maximum permissible tiuue concmtratioru by appmpriate BCFs: 

1. 	 For each available maximum acceptable dietary intake derived from a drronic feediilt 
study or a long-tam field study 4 t h  wildlife (hcluding birds and aquatic oganismsj; 
the appropriate BCF b based on the whole body of aquatic species that constitutes or 
repn%nG a makr poltion of the diet of the tested wildue ip&es. 



t For an FDA a d o n  l e d  for fish or shellfish, the appropriate BCF is the highest 
pcometrkmean s d e sBCF for the edibleportion (muscle for decamds, muscle with 
&without skh f& Asb,adductor mu& for adops ,  and total s& tissue for other 
bivalve m o l l w )  dacomumed spdes.m e  highest speciesBCF isusedbecause FDA 

F. For Upophilic materials, calculating additional residue values is possible. Because the 
steadyatate BCF fora lipophilicmaterial seems to be pmportional to percent lipids from 
one tissue to another and from one species to anotha, extrapolations canbe made fmm 
tested tissues, orspedes tountested tissues, orspecieson thebasisof percent lipids. 

1. For each BCF for which the percent lipids isknown for thesame tissue for which the 
BCF was measured, nomalize the BCF to a 1percent lipid basis by dividingit by the 
pemmt lipids. Thisadjustment to a 1pemnt lipid basis is intended to make all the 
measwed BCFs for a material comparable regardless of the species or tissue with 
which the BCF was measwed. 

2 Calculate the geometric mean-normalied BCF. Data for both dtwater  and 
mshwaterspedesshouldk used to determinethe mean-normalizedBCF unless they 
showthat the normalized BCFs areprobably not similar. 

3. Calculateall possibleresidue values by dividing the available maximum permissible 
b u e  coneenIratiom bv the mean-normalized BCF and bv the percent Lipids values 
appropriate to the maximumpermissibletissueconcentrations, Le., 

For an FDA actionlevel forfish oil, the appmpriate percent lipids value is 100. 

For an FDA action level forfish, the appropriatepercent lipidsvalue is 11for 
freshwatacriteria and 10for d twater  criteriabecause FDAactionlevels arr 
applied species-by-species to commonly consumed spedes. The highest lipid 
&ntents &the edjbli portions of important consumed speciesareabout 11 
p e n t  forboth the freshwater chiiooksalmon and laketrout and about 10 
percent for the saltwater Atlantic herring. 

For a maximumacceptable dietary intakederived from a chronic feedingstudy or 
along-term field study with wildlife, theappropriate petcent lipids is that of an 
aquatic speciesor group of aquatic speciesthat constitute a major portion of the 
diet of the wildlife rpeciea. 

G. TheFinal ResidueValueisobtainedby selectingthe lowest of the availableresidue values. 

NOTE In m e  cases,the Find ReaidueValue will not be low enough.Forexample,a rnidue 
value ulcuhted from a FDA action kvel will pmbably mult in m i  avenge concenhation in 
the edible p d o n  of a fatty spcies at the action level. Some Individual organisms and 
m i b l v  acme soccies will have midue concentrationr hiaher than the mean value, but no 
kuhr ibm har'been devised to provide appmpriate aaditiocul pmluUon. Also, some 
chmnlc feedinr studiesand long-termfield studio with wildlife identify concenmtionsthat 
cause rdvmc-effects but do n s  identify concentrations that do not &uae adverse effects; 
anin, no mechnim hu been devised to prwide appropriateadditional protection. These 
~&wmcdthespcclaandusnthatarrnoipmtuteditrl~times in all places. 

X OtherData 
Pn t inn t  informationthat d d  not be wed in earlier d o n s  might be available conceming 
adverse effects on aquatic organisms and their uses. 'lhe most important of these are data on 
cumulative and delayed toxicity, flavor impairment, reduction in sunrival, gravth or 
r r p d u d o n ,  or any other adverse effect shown to k biologically important. Especially 
important are data for spwies for which no othq data are available. Data from behavioral, 
biochemical, physiological, miaocosm, and field studies might alsobe available.Data mightbe 
availablefmm testsconductedin unusual dilutionwater (seeN.D and VID), from chronictests 



in which the concentraticnrwem not rneaaured (see Vl.B),horn tests with pmr iody  exposed 
oranisms (see Il.F). and liwn testa m fmulated mixhua or enubifiable concentrates (see
US).
such data might affecta a i t d o n  Uthy  wem obtained withan impoltantspecies,theiest 
concenhatiom were m c u and~ theendpoint war biologically impomnt. 

XI. Criterion 

A. 	 A a i t d o n  C O ~ i s b  of two concentrations: the CriterionMaximum Concentration and the 
Criterion Continuous Concentratim. 

0. 	 TheCriterion Maximum Concmtntion (Chic)bequal to one-half theFinal Acute Value. 

C. 	 The Crit&on Continuorrc Comntratlon (CCC) b equal to the low& of theFinal Chronic 
Value, the Final Plant Value, and the F i  W u e  Value, unless athdata (see vction X )  
show ttut a lower value ahwld be d.If todaty ismhted to a water quality charddeistic. 
the Criterion Cmtinuotu Cmmtration ki obtained from the F i  Quonic Equatim the 
Final PtntValue, and the Final =due Value by ded ing  the me, or the cumbination that 
mulh in the lowat omcmtrationr in the wual range d the water quality charactac, 
unlers&&ta(sccvctionX)shDwthatabmrducshouldbruJcd. 

D. 	 Round both the Critaion Maximum Concentration and the Criterion Continuous 
Concentration to hvos i e c a n t  digits. 

E. 	 Thecriterion is stated ar follow: 
The procedwa described in the 'Guidelines for Deriving Numerical National Water 
Quality Criteria f a  the Protection of Aquatic Organisms and The!r Uses' indicate that, 
except possibly whac  a locally important species is very sensitive, (1) aquatic organisms 
and thew usea should not be affected unacceptably if the four-day average concentration 
of (2) docs not exceed (3) &g/L more than once every three years on the average, and if the 
one-hour average concentration does not e x m d  (4) &g/L more than once every three 
yean on the average. 

'where (1) = insert k h w a t e r  or saltwater 

(2) = insert name of material 
(3) - insert the Criterion Continuous Concentration 

(4) = insert the Criterion Maximum Concentration. 

XII. Firul Review 

A. 	 The derivation of theaiterionshould be carefully rwiewed by recheckingeachstepof the 
guideline. I tem that should be especiallychecked are 

1. 	 If unpublished data areused, are they well documented7 

2 	 Arc all q u i d  data available? 

3. 	 Istherangeof acute values forany spedes greater than a factor d 107 

4. 	 Is thc rangeof Spedes Mean Acute Values for any genuspater  than a factor of 107 

5. 	 Is them more than a factorof loditfcrence between the fourlowest GenusMean Acute 
Values? 

6. 	 Are any of the f a r  lowet Garus Mean Acute Values questionable? 

7. 	 Is theF iAcute Value reasonable incomparison with the SpedesMean Acute Values 
and Genus Mean Acute Value7 

8. 	 For any c o m m d y  or r u r e a t i o d y  important species, isthe geometric mean of the 
acute values liwn f l o w - h u g h  tests in which the concentration, of test matniaf w m  
measured lower than the FindAcute Value? 



10. Are chronic v d u a  availablefor acutely seruitivespccia? 

11. Isthermgr of acute-chronic ratios greater thana factor of 101 

12. Is the F N  Chronic Value masonable in canparison with the available Mute and 
chronic data7 

13. Is the measured or predicted duonic value for any commercially or teaeationally 
important spderk low the F M  ChronicValue7 

14. Are my of the other data important7 


IS. Domy data looklike theymight beoutliers7 


16. Are thmany deviation9 from tho guidelines7Are they acceptable7 

B. 	 On the h i s  of all available rnrtincnt laboratorv and field information. determine if tho 
criterion is consistent with b n d  scientific evihmce. u not, another aitcrion -either 
higheror lower- shouldbe derived using appropriate modificatioru of thee guiddina. 




