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GWELKHES FOR ECOLOGICAL RISK ASSESSMEKT 

AGENCY: U,S. Environmental Protection Agency 

ACTION: Notice of availability offin;ll Guidclincs for Ecological Risk Assessment 

S~MA'ILLQRY: Tbc U.S. Environmental Protection Agency (EPA) is today publishing in fmd  
form a documcat entitled Guiddincsjhr Ecoiogicd RiskAssc.ssment (hcreafler "Guidclincs"), 
Thcsc Guidclines were developed ils part of an inrcroffice propun by D Tcchnid Panel of the 
Risk Asscsmcnt F o m .  Thcsc Guidelines Will help improve the quality of ecological risk 
ELssessments at EPA while hc rming  the consiscncy of asscssmCntS among h e  Agency's prOb3r;un 

oEcrs and regions. 
These Guidclines were prcparcd during 3 h e  of hcrczing interest in the field of 

e c o l o ~ c d  Ask assessment and reflect hpu t  from many sourccs both witbin and outside the 
Agency. The Guidclincs expand upon and replace thc previously publishcd EPA report 
Framework for Ecological Risk Assessment (EPA/630/R-92/001, F e b r u y  1992), which * 

proposed principles and terminology for the ccologid risk sstssmcnt process. From 1992 to 

1994, the Agcncy focuscd on idcnt@ing tl structure for the Gujdclincs and the issues that t l ~ c  

documcnr would address. EPA sponsored public and Agency calloquis dcvclopcd ptcr-reviewed 
ecological assessment cuc mdics, and prepared (I set: of peer-reviewed issue pnpcrs hi@@itIg 
important principles and approaches. Drifts of tlic proposed Guidclincs underwent formal 
external pctr review and were reviewed by the Agency's Risk Assessment Forum, by Federal 
intcngcncy subcommittces of the Commirrce on Environment and Narurd Rcsources of the 

Office of Science and Tcc~~nology Policy, and by the Agmcy's Science Advisory Board (SAD). 
The proposed Guidches wcre published for public comment in 1996 (61 FR 4755214763 1. 
September 9,1996). The find Guidclines incorporate revisions bucd on thc comments rcctivcd 
h m  the public and the Sh13 on thc proposcd Guidelines. EPA apprcciritcs thc cfforts of all 
participants in the process arid has tried to address thcir rccommcnclations in thesc Guidelines. 

..# 

DATES: The Guidclincs Will be cffectivc April 20,1998. 

ADDRXSSES: The Guidcltncs will be m d c  avdablt in s r v d  ways: 
(2) The e l cmnic  vcrsion will be accessible on the EPA National Ccntcr for 

Environmcntd Asscssmcnt home page on the Intemct at htrp://www,cpa.gov/nccd/. 



(2) 3%" highdensity computcr diskcttcs in WordPdiect format will be available from 
ORD Publictiom, Technology Transfer and Supporc Division, National Risk Management 
Rcsc;uch Labontory. Cincinnati, OK; tclcphonc: 5 13-569-7562; f i x  5 12-569-7566, Please 
provide the EPA 'No, (EPN6;O/I;395/002Fa) when ordcring. 

from the F e d d  Rcgister version, xi follow: tcxt b o w  that art includcd in this documcnt at 
their point of refercncc wcr: h e a d  listed at the end of the Fcdcd Rcgister docurncnt u t c s  
notes. due to format limitations for Fcderal Rcgistcr documents,) Copies of the Guidclincs will bc 
available for inspection at EPA hcadqmcrs and rcgional libnrics, through the US, Government 
Depository Libmy program, and for purchase from the National Technical Informaion Service 
(Xis), Spxinghld, VA: tclcphonc: 7034874650, fax: 703-321-8547. Plcxc provide the 
NTIS PB No. (PB95-117839) when ordering, 

( 5 )  This notice contains the full document. (Mowrvcr, the format of this version differs 

FOR NXTHER ISTORMATION, COSTACT: Dr. Bill van der Schalie. National Center for 
Environmennt31 Asscssrncnt-Washingon Ofice (5623D). US, Environmcntal Protcction Agency, 
401 M Street, SW, Washington, DC 20460; tclephonc: 202-564-2271; c-mail: Eco- 
Guidclincs@epamail,cpa.Bov, 

SWPPLEi3ENTARY IhTORMA'fXON: Ecologid risk ;~SSCSSIIIC~~ "evaluates the likelihood 
that adverse ecological effects may occur or are occuning as a result of cxposwt to one or rnorc 
stressors" (US. EPA. 19923). It is 3 flexible process for orgdzing and analyzing data, 
information, assumptions, and unccrtalntics to evaluate thc likclihood ofndvmc ecological 
effects, Ecological risk ascssrnent provides 3 &tical dement for cnvironmcntal decision making 
by giving risk managers an approach for considerhg avdable scientific information along with tlic 

othcr factors they ncrd to consider (c.B., social, legal, politicd, or cconomic) in selecting a c o m e  
o€ action.. 

To hrlp improvc the quality and consistcncy of thc US. Environmental Protcction 
Agency's ecologkd risk uscssmcnts, EPA's Risk Asscssmcnt Forum initiated devclopment of 
these Guidelines. The primary audience for this document is risk assessors tlnd risk managers at 
EPA, although thesc Guidelines also may be useful to others outside the Agency. These 
Guidclincs expand on and replace tho 1992 report Frameworkfir Ecologiccl Risk Asmsmenr 
(referred to its thc Frmcwork Report; SCC Appendix A). They were writtcn by I Forum technical 
pmcl and have been revised on the bsis  of extensive comments from outside pccr reviewers as 
well as Agency stdf. The Guidclincs retain the Fmmework Report's broad scope, while 
expnding on somc conccpts and modifYhg others to rcflcct Agency exptncncts. EPA intcacls to 

follow these Guidelines with a scncs of shorter, more dctailcd documents that clddrcss sqxcific 



ecohgicd risk assessment topics. This "bookshelf' approach provides thc fIc-dbiIity necessary to 
keep pact with dewlopmcnts in thc rapidly evolving field of ecologicd risk ascssmcnt whilc 

bridge gaps in howledge. EPA will revisit guidelines documcnts u cxpcricncc and scientific 
~ ~ n s c m u s  evolve. Thc Agcncy rccogrkxs that ecological risk asscssmcnt is only one tool in thc 
overdl mmgcmcnt of ccologicd risks, Thcrcforc, there arc ongoing cfforts Within the Agency 
to dcvdop other tools and proccsscs that an contribute to an ovcnll approach to ecological risk 
management addressing topics such as ec~logicd b e n c h  xscssrnent and cost-bcncEt ylalyscs. 

i2ologicd risk sscssmcnt includes three primary p h c s :  problem formulation, analysis, 
and risk chmctcrhtion. h problem formulation. risk ~scssors cvaluatc gods and sclcct 
assessment endpoints, preparc the conccptual model, and dcvclop 3n analysis plm, During the 
analysis phase, 3sscssors cvdu tc  eqosure to srrcssors md the relationship betwccn Stressor 
levcl~ and ccolosic;ll effccts. In the third phase. risk c&ctcriz3uon, ~scssors csdmatc risk 
through integration of cxposur~. and strcssor-rcsponsc profilcs, dcscnbc risk by discussing lincs of 
evidencc and determining ecolagid adversity, and prcpm a rcport. The interface m o n g  risk 
s s c s s o ~ ,  risk rnulagcrs, and intercstcd partics during planning at the beginning and 
communiwtion of risk at tbc cnd of the risk assessment is critical to CMUC that thc results of the 
sssassmcnt cm be used to support a management decision. B e a u t  of the divcrsc CXPC~&SC a 

nquircd (cspccidly in compkx ccolosicd risk asscssrncnt~), risk ~SSCSSOIS and risk mmagcrs 
frequently work in multidisciplinq teams, 

activities for an ecological risk asscssmcnt Risk mmgcrs  c h q e d  with protecting the 

environment c;ltl idcndfy infomation thcy nctd to dcvclop their decision, risk ;ISSCSOIS wn 
emure that science is cffccdvcly uscd to address ccologkd conccms. and together &cy can 

evaluate whether a risk assessment cm address idcntificd problems. However, this planning 
process is didnct from the scientific conduct of an ecological risk mscssmcn', This distinction 
helps e n s m  that polirical and social issues, whilc helping to d c h c  tlic objcCtivcs for thc risk 
asscssmcnt, do not innoducc unduc bias. 

Problem formulation, which follows these planning discussions. providcs a foundation 
upon which the entire risk assessment dcpends, Successful complcdon of problem formulation 
depends on the qdiv of thrcc products: sscssmcnt endpoints, conceptual modcls, and ;UI 

mdysis plan. Since problem formulation is an int~'mctivc, n o d i n a r  proccss, substantial 
rervaluatioc is expected to occur during the development of dl problem formulation products. 

chmctdzation of ccologid effccts. Thc proccss is flclciblc, and intcndon bcnvecn the two 
ev&ttions is a5mtid. Both activities cvalutc available dau for scientific crcdibiliv and 

I allowing t ime to form cotlscnsus, whcrc appropriate, on science policy (default assumptions) to 

Both risk managers and risk ;~ss~sors  bring valuable peqcctivcs to thc in.iual planning 

ne d y s i s  phase includes two principal activities: chmctcriz;ldon of expowe ;md 

iv 
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televmcc to sscssmcnt endpoints and thc conceptual model. Exposurc ch3ncttriPtion describes 
sources of stressors, ttrcir distribution in thc cnvironment, and their contact or co-occurrcncc with 
ecological receptors. Ecological effects cbmcterintion cvalutcs sttcssor- rcsponsc rclationships 
OF tvidrnct that exposure to SUCSSO~S C;LUSCS an observed response. The bulk of quantiutive 
u n c ~ h t y  analysis is performed in the analysis phase, although uncertainty is an important 
considmtion throughout the entirc risk assessment. The analysis phase products are summary 
profiles that describe exposure and the suessor=rcsponsc relationships. 

Risk chancterhtion is tbc hal phase of an ecological risk assessment. Dwbg this 
phase, risk assessors estimate e c o l o ~ c d  risks, indicate the avcrall d c p t  of codidmcc in rhc risk 
cstimatcs, cite evidcncc supporting the risk estimates, and interpret the adversity of ecological 
effects. To ensure mutual understanding benvcen risk ilsscssors and mmgcrs,  o good risk 
chmcte.riz-ttion will express results clcarly, d c u l a t c  major assumptions and uncertainties, 
idcntifi tc3sombIc dtemarive intcrprctations, and scpmte scicnntiiic conclusions from policy 
judgments, Risk managers use risk il~sessrnent results, dong 4th othur facrors (c.g,, economic or 
legal concerns), in making risk rnansgcnent decisions and s II basis for communiwhg risks to 
interested parties mc! the gcncral public, 

activities are required. They may decide on risk mitigation me3sures, thcn develop II monitoring 
M c r  completion of the risk IIsscssmcnt. risk m m g c r s  may considcr whether follow-up 

plm to determine whether thc procedures rcdcced risk or whether ecological recovery is 
occurring, M a s e r s  may dso clcct to conduct anotber planned tier or iteration of the risk 
assessment if ncceswy to support a rnanagcmcnt dccision 

Dnrcd Carol M. Browner 
Administrator 
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Ecologicd risk messmcnt is a process that cvalwtes the likelihood th;lt odvcrsc 
ecologicd cffects may o c c u  or arc occurring z a result of exposue to one or s o r e  strcssors 
(US. EPA, 1992a). The process is used to sysrcrnatically evaluate and organizc &a 
information, assumptions, and u c e d t i c s  in order to hclp u n d c m d  and predict the 
ttlixionships bctwccn stxcssors uc! ccolosicd cffccts in P way that i s  uscful for environmental 
decision making. An sscssmcnt may involvc chemical, physjczl, or biological stressors, and one 
Stressor or many stressors may bc considered. 

Ecological risk messmcnts arc developed within a risk mmgement contcxt to cvdwtc 
human-induced changes that arc considered undcshblc. As a result, these Guidelines focus on 
aesson and advcrsc effccts generated or Lflucnccd by m*&ropognic activity. DcfLning 
adversity is important bccausc a strcssor may muse adverse ctTccts on onc ecosystem component 
bur be neutral or even beneficial to other components. Changes often considcrcd undcsinble arc 
those that alter important structurd or functional chmctcristics or cornponcnts of ecosystems, 
An evaluation of adversity may include a considention of the rype, intensity, and scale ofthe 
cffcct as well as the potential for rccovcT. The acceptability of advcrsc effects is determined by 
risk managers. Although intended to evaluate adverse effects, thc ecological risk ;1Ssessmcnt 
process can be adapted to predict beneficial changes or risk from natud events, 

qumtitativc probabilitics, Although risk assessments my include quantiudvc risk estimates, 
quantitation of risks is not allw;lys possible, It is berm to convey conclusions (and associated 
uncertainties) qudhtivcly than to ignore them because they YE not easily undcrstood or 
estimated 

(prospcctivc) or cvdutc the likelihood that cffccts arc caused by past cxposurc to mcssors 

(retrospective). In many cases, both approaches are included in a shgle risk 3sscssmcn~ For 
c m p l c ,  ;L retrospective risk sscssmcnt dcsigncd to cvdtluatc the cause for amphibian population 

declines may also be used to predict the effects of future mmgcrncnt actions, Combincd 
retrospective and prospective risk assessments are typical in situtdons whcrc ccosystcms have 
history ofprcvious impacts and the potential for fururc cffccts eom multiplc chemical, physical, or 

biological strcssors. Other terminology related to ccolol;ical risk ascssment is rcfcrcnced in text 

box 1-1. 

Descriptions ofhe  likelihood o f  adverse effects may m g c  fiom qudintivc judpcn t s  to 

Ecological risk mscssrncnts c m  Ix used to predict thc likelihood of fum adversc cflects 

1 



1.1. TEE ECOLOGICAL RISK 
ASSESSrnNT PROCESS 

The ccoIo&icd risk Elssessmcnt process 
is based on two major clcmmfs: 
chmcteziation of cflccts and 
chmctcriation of cuposute. These providc 
the focus for conducting tbc three phases of 
risk ;rssessmcnt: problcm formuhion. 
analysis, and risk chmctc rh t ioa  

The o v d l  ecological risk mcssmcnt 

Tbc foltowing temu ovcrlnp to vayhg 
dcgrecs with the conccpt ofccolo~cal  risk 
assessment used in these Guidelines (SCC 

Appendiv B for dchitions): 

H w d  ;Isscssment 
Comparative risk ;ZSScssmcnt 
Cumulotivc ecological risk ssessmcnt 
Environmental impact mtcment - - 

process1 is shown in figure 1-1. The format remains consistent with thc dingam from the 1992 
report Framcwork for Ecological Risk Assessmen: (rcfcrred to ai thc Framework Rcport), 
However, thc process and products within each phuc have bccn rcfincd, and thcse changes ;VD 

detailed in fiprc 1-2 Thc thrce phases of risk assessment arc enclosed by a dark solid line, 
Boxcs outside this Line identify criticd clctivihcs that influtncc why and how ;I risk 3sscssrnmt is 
conducted and how it will be used 

Problem formulation. the first phsc ,  is shown at die top. In probIcm formulation, the 
purpox for thc assessment is micufatcd, tlx problcm is dcfiicd, and a plan for analyzing and. 
chmctcridng risk is determined. hitid work in problcm formulation includes the integration of 
avaihblc information on soufccs, strcssors, effects, and ccosymn and receptor characteristics, 
From this infomation two products YC gcncntcd: 3ssessrncI;t endpoints and conceptual modcls. 

' Either product may be gcneraied hrst (the order depends on thc type of risk wscssmcnt), but both 
1; ;vt nccdcd to complete an analysis plan, the final product ofproblcm formulation. 

During the analysis phase, data IVC cvaluatcd to determine how exposure to ~cssors is likely to 
occur ( c h c t a k t i o n  of cxposurt) and, given this exposurc, thc potential and typc o f  cco1ogh.I 
effects that can be cxpcctcd (ckuacterizrrtion of ecological effects), Thc fvst step in analysis is to 

dctcrminc thc strengths and limimtions of data on exposurc, cffccts, and ccosystcm and receptor 
chanc:cristics, Dan arc then andyztd to chxactcnze thc nawc of potentid or actual exposure 
and the ecological reqonscs under the circumstances defined in the conccpml 

Analysis, shown in the middle box, is directed by the products of problcm formulation. 

, 

! 

' C h g c s  in proccss and terminology ftom EPA's prcvious ecological risk assessment 
fnmework (US. EPA, 19923) arc summarized in Appcndk A. 
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Figurc 2-2. The ecologicnl risk uscssmcnt fmrncwork with an crpandcd view of each 
phase. Within cnch phase, rcctangh dcsignatc input%, hcxngonu indicatc action$, and 
circles tcprcscnt outputs. Problcm formulatioa, analysis, and risk chmic tcrht ion  arc 
divcusscd in scctions 3,4, and 5, rcspectivcly. Scctionv 2 and 6 dcscribc intcrsctions 
bctwccn risk ;LSSCYYOM acd risk mnangcru. 
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model(s). The products from thcse amlyscs arc two proflcs, one for exposure and onc for 
stressor rcqonsc. These products provide the basis for risk c h m c t c h t i o n .  

profiles arc integrated tbrough the risk esdmation process. Risk c h m c t c h t i o n  includes a 
sunmarqr of iusumptions, scientific unccrtahtics, and strengths and limit3rions ofthe mdyscs. 
The final product is a risk description in which the rcsulrs of the intcption LVC prcsented, 
including an intcrprcntion of ecoiogical adversity and Ccscriptions of unccrninty and lincs of 

During risk characterization, shown in thc third box, the cxpomre and mssor-rcsponsc 

evidence. 
Although problem formulation 

analysis, and risk c h c t c r h t i o n  arc 
presented sequentially, ecological risk 
assessments are frcqucntly itmtivc, 
Something lcmcd dukg  analysis or risk 
chmctcrht ion can lead to a reevaluation of 
problem formulation or new data collection 
and analysis (see text box 1-2). 

Interactions among risk MSCSSOR, risk 
managers, and other interested partics arc 
shown in two places in the diagmm. T h e  side 
box on thc uppcr left rcprcscnts planning, 
where rtgreemcnts =IC made about thc 
mragcmcnt gods, thc purpose for thc risk 
assessment, and the resources avdnble to 
conduct the work. The box following risk 
chmctcrhtion represents when the results of 
thc risk assessment arc formally 
communicated by risk ilsscssors to risk 
mmgcrs. Risk managers gcncdly 
communicatc risk assessment results to 
interested parties. These activities arc shown 
outside the ccological risk asscssment process 
dingnm to e m p h i z c  hiit risk ;LSscssrnCnt and 

Tcxt Box 2-2. Flexibility of thc 
Fmmcwork Diagram 

The framework process (fiw 1-1) is a 
g c n d  qrcscntation ofa cornplcx and 
vvied group of asscssmcnts. This dingam 
rcprcscnts a flcxibic proccss, 3s illustrated by 
the cxmples bclow. 

h problem formulaion, an assessment 
may bcgia with o consideration of 
endpoints, st~cssors, or ccological effects. 
Problcn fomula~on is gmcdly 
intmctivc and itcntivc, not lincar. 

In thc analysis p h c ,  chc tc r imt ion  of 
exposure and effects frcqucntly bccomc 
intcmvined, as when an initial cxposurc 
leads to ;1 w a d e  o f  additional rxposurcs 
and scconchy cffccts. Thc d y s i s  p h s c  
should foostcr XI undersxlnding of rhcsc 
complex relationships. 

Atl31ysis and risk cbmcterizttion are 
shown as s tpmtc  phases. Wowevcr, 
some models may combine thc analysis of 
exposurc and cffccts hh with the 
integration of tlicst data hat occurs in 
risk chmctcnzation. 

risk mmgcmcnt arc two distinct activities. Thc fomer involves the evaluation of the likelihood 
of adverse effects, while the latter involves the sclcction of a coursc of action in rcsponsc to ;VI 

identified risk h t  is based on many factors (e,g,, social, legal, political, or economic) in addition 
to the risk mscssmcnt rcsults. 
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The bar dong thc right sidc of figure 1-2 highlights data acquisition, itmtion, and 
monitoring. Monitoring data provide important input :o all phascs of a risk ssessmcnt. Thy can 
provide the impetus for o risk assessment by idcatifying c h g s  in ccologijc;ll condition. They 
can also be LISCC! :o c v d u t e  o risk ;1Ssesment's prcdimiox. For example, follow-up studies 
could determine whcthcr mitigation efforts wcrc cffcctivc, help vcnfy whcthcr sourcc reduction 
was cEective, or determine the c s c m  and natur: of ecological rccovcry. Ir is important for risk 
SSCSSOTS and risk m g e r s  to use monitoring rcsults to cvaluatc risk assessmcnt prcdictions so 
they c m  gain edqaicnce and help improvc thc risk i2SSessmmt and risk management process 
(Commission on Risk Assessment and Risk Manngcmcnt, 1997). 

Even though he risk assessment focuses on dan analysis and htcrprcntion acquiring thc 
a_eeEopriotc quantity and quality of data for use in the process is criticnl. If data arc unavdable, 
the risk sscssmcnt may stop until data YC obtained. Thc process is more oftcn itcntive than 

linear, sincc die evdwtion of new data or information may rtquirc revisiting a pm of the Q~OCCSS 

or conducring o new ;LSSessmcnt (SCC text box 2-5). The dotted line bccwccn the sidc bar and the 

risk management box indicates that additional dm acquisition, itention, or monitoring, while 
important. arc not always required. 

1.2. ECOLOGICAL RISK ASSESSMENT b' A I W Y A G E ~ X T  COPITEXX' 1 

Ecologid risk usessmcnts u e  designed and conducted to provide infomotion to risk 
managers about the potential adverse effects of different management decisions, ARempts to 

eliminate risks associated With human activities k the face of u11ccmint.i~~ and potcatidly high 
costs present 3 chdlengc to risk managers (Ruckclshaus, 1983; Sutcr, 1993a). Although many 
considentions and sourccs of information YC used by mmgm in the decision process, 
ecologid risk assessments MC unique in providing a scientific evaluation of ecological risk that 

c.uplicitly addresses unccrr;linty. 

1.2.1. Contributions of Ecological Risk Asscssmcnt to Environrncntd Dccision Making 

actions. including the redot ion of hazardous waste sites, indm'al  cliemicds, and pesticides, or 
the management of mtersheds or other ccosystcms af€icctcd by multiplc nonchcmical and 

A: EPA. ccological risk clsscssmcnts arc used to support many types of muagcment 

chemical stressors. The ccological risk asscssmcnt process h3s scvcnl fcmrcs that contribute to 

ct'fcctivc cnviromcntal decision making: 

. Through M iterative proccss, new inform;ldon em be incorporated into risk 
wxxixnents, which can be used to improvc cnvironmcnd decision making. This 

6 



m thc sole determinants of m g c m c n t  decisions: risk mvlngcrs consider mnny factors, Lad 
mdates and political, social, and cconodc considcntions m y  lead risk m m g c r s  to mrrkc 
decisions bat arc morc or less protective. Reducing risk to the lowest Icvel may be too expensive 
or not technically fcsible. Thus, although ecologid risk asscssmcnts provide critical information 
to risk managers. thcy arc only part of the environmental decision-making proccss. 

planning phase. A risk assessment that is too narrowly focuscd on onc type of Stressor in ;L 

system (e.g., chemicals) could fail to consider more important stressors (e,g., habitat dtcntion). 
However, options for modifying the scope of a risk usessmcnt may bc limited whcn the scope is 
dcfincd by statute. 

I 

In some cues, it may bc desirable to broaden the scope of n risk ascssment during the 

j 

I 

Risk ascssments C;L? be used to cxpnss changes in ecological effects as ;I function 
of t h g c s  in exposurc to mssors. This capability may be particularly uscm to 
the decision maker who must evaluate tmdeoffs, examine diffcrcnt alttmtivcs, or 
detctTnjnc the cxtcnt to which strcssors must bc reduced to xhievc ;L given 
outcomc. 

* I  Riskx~cssacnts m l i d v  c v a l ~ m  unceminy, Uncertainty analysis dcscribcs tlic 
degrcc of confidence in the assessment and can help the risk manager focus 
ruscmh on those arcas that will lead to the gatest  rcducdons in uncertainty. 

Risk ;Lssessments provide a basis for comparing, ranking, and prioritizing risks. 
The rcsults can also be used in cost-benefit and costeffcctivcness andyscs that 

offcr additional intcrprctation of the cflccts of altcmntivc management options, 

Risk assessments cotuidcr management gods and objectives 3s well as scicmi.tk 
issues in developing assefsmcnt endpoints and conceptual models during problem 

to risk managers. 
f0brmd;ltiOU. such hkd phtlbl; Xtb'ibCS help CflS'UTE h t  tcdtS Wdl bc U s C ~ f d  
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1.4. G;ZTII)ELXNES ORGANIZATION 

and 1-2, Section 2 (plxtrtiing) dcscribes h e  dialopc among risk ~SSCSSOIS, risk managers. and 
ktcrcsted partits before the risk assessment begins. Section 2 (problcrn formulation) describes 
how mmgemcnt gods arc interpreted, assessment cndpohts sclcctcd, conceptual models 
constructed, and andilysis plans dcvcloped. Section 4 (analysis) addrcsscs how to cvalutc 
potential cxposurc of receptors and the relationship bcnvcen sacssor levcis and tcalogical cflccts, 
Scction 5 (risk characterization) describes tlic proccss at' estimating risk through thc intcgation of 
exposure and stressor-rcs2onsc profiles and discusses lines of evidcncc, interprcution of 
adversity, and uncertahv. Finally. scction 6 (on rchMg ccolo@I information to risk 
management decisions) addmscs communicating the results of the risk ;1SstSsmcnt to risk 
managers. 

These Guidelines follow tbc ccological risk ascssmcnt format as pnscntcd in figures 1-1 
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Ecological risk ilsscssmcnts arc 
cotlductcd to ~~s fo 'o rm scicntific d m  into 
memhgful information about the risk of 
human activities to thc environment. Thcir 
purpose is to cnablc risk managers to makc 
informed environmental decisions. To cnsurc 
that risk asscssmcnts mcct this nccd, risk 
managers and risk ~scssors (set text boxcs 2- 
1 and 2-2) and, where appropriate, interested 
parties (see text box 2-2). engage in a 
planning dialogue as a critical first step roward 
initiating probkm formulation (see figure 1-2). 

The plonnjng dialoguc is the beginning 
ofo ncccssary intcrfacc ktwccn risk 

J mmrtgcrs and risk ;LSSCSYOIS. Howevcr, i t  is 

imperative to remember that planning remains 
distinct from the scicntific conduct of o risk 
sscssmcnt. This distinction helps cnsurc that 

political and socid issues, though helping 
defLnc the objectives for the assessment, do 
not bias the scientific evaluation of risk 

The first step in planning m y  be to 

determine if ;1 risk ssessment is the best 

Tcxt Box 2-1. Who Arc Risk Mnnngcrs? 

Risk managers are individuals and 
orglmizxions who have the responsibility, or 
hnvc thc authority to t&c action or require 
acdon, to mitigate ai identificd risk Thc 
expression "risk mmngcr" is often uscd to 
reprcscnt a decision maker u r  ogcncics such as 
EPA or State cnvironmcntal of ices  who h a  
legd authority to protcct or manage ci 
rcsourcc. Howcvcr. risk managers may 
include a diverse group of inrcrcstcd panics 
who dso hmc the ability to take action to 
rcducc or rnitigatc risk. In situations whcre a 
compIcx of txosystcm valucs (c,g,, watcrshcd 
resources) is ;It risk from multiple stressors, 
and mmngcmcnt will bc implcmcntcd dirough 

as risk mannl;cmcnt tcms. Risk mmnogcmcnt 
teams may include decision oficids in ' 

Federal, State, local, and ribd govemn'lcnts; 
commercial, indumid. and private 
o r g h t i o n s ;  lcadcrs of consziruency groups; 
and other scctors of the public such cs 
propnty owners. For additional insights on 
r i s k  management and mmgm roles, sce tcxt 
boxcs 2-3 and 24. 

community action. thcsc groups m y  h.ncdon 

option for supporting the decision, Risk mmagors and risk ~ S C S S O I S  both considcr the potcntid 
value o f  conducting ;L risk sscssment to address idcnrificd problelm. Thcir discussion csplons 
what is known about the d c p c  of risk, what mmagcrncnt options YC available to mitigate or 
?revent it, and the value of conducting a risk assessment compared with other ways of Icming 
about and addressing environmental concerns. In some cucs, il nsk asscssmcnt may add little 
?due to the decision proccss b e a u x  mmagcmrnt altcmativcs may bc avdablc that completely 
circumvent thc need for D risk assessment (sue scction 1.2.2). In other cats, the nccd for a risk 
wessmcnt may bc invcstigatcd through o simple tiered risk evaluation based on minimal data and 
;L simple model (scc section 2.2.2). 

10 



Once the decision is niade to conduct 
a risk usessmcnc the next step is to cnsurc 
bat dl key participants are appropriately 
involvcd. Risk mansrgcmcnt may be carried 
out by one decision maker in m agency such 
s EPA or it may be implcmentcd by several 
risk managers working together as a t e r n  (see 
tcxt box 2-1) Likewise, risk assessment may 
bc conducted by o single risk sscssor or D 
t e r n  of risk ~sessors  (see rex box 2-2). In 
somc mcs, intcrcstcd parties play m 

considcntion up front about who will 
participate, and thc chmctcr ofthar 
participation, will determine the succcss of 

8 important role (See t e a  box 24).  C ~ t l l  

planning. 

I c 

7 

a 
c 1 

2.1. THE ROLES OF RISK i W A G E R S ,  

Tcxt BOX 2-2. W h o  Arc  R.i~k ASSCSSO~S? 

Risk assessors are P divcrse group of 
professionals who bring a needed apcrtisc to 
a risk wcsment tern. When 3 specific risk 
assessment process is well defmcd through 
regulations and g u i b c c ,  one mined 
individual may bc able to cornpletc a risk 
assessment given sufficient information (c.g., 
premmufacrure notice of a chemical), 
Howcvcr, for complex risk assessments, onc 
individual c3n m l y  provide the ncccss;lry 
breadth of expcrcisc. Every risk xscssment 
team should include at Icm one profcssiond 
who is knowledgcabic and eqcI;,cnccd in 
using the risk assessment process, Other 
tcam rncmbcts bring specific cxpcrtisc 
relevant to thc locations, stressors, 
ccosysrcms, scientific issues, azd otlicr 
cxperrisc as needed, depending on tbc typc of 
assessment, 

RISK ASSESSORS, AND INTERESTED PARTIES b' PL&iXNG 

pcrspcdvts to thc table. Risk managers, chrugcd wirh protecting humm bed& and the 
mvironmcnt, help cmurc that risk ;Lsscssmcnts providc information relevant to their decisions by 
describing why the risk assessment if needed what decisions it wilI influence, and what they want 
to rcceive from thc risk assessor. It is also hdpful for managers to cunsidcr and communicate 
problcms they have encountered in thc p a t  when trying to usc risk assessments for decision 

In turn, risk assessors cmurc tbat scientific information is effectively used IO address 
ecoto~cal and management conccms. Risk ~ ~ S S C S S O ~ S  describe whdt they a n  providc to thc risk 
m g c r ,  where problcas arc likely to occur, and where unccminry may bc problemacic. In 
addition, risk ~ S S C S S O ~ S  may provide insights to risk mmagcrs about altemativc mmagcmcnt 
options likely to achieve stated gods bccausc the options are ecologically groundcd 

pmicul;rrly in god dcvclopmcnt, Thc N3tional Research Council describes participation by 
intcrcsted pilreics in risk wcssmenr as an iterative process of bb;malysis" and "delibention" PRC, 
1996). htcrestcd parties may communicstc their concms 10 nsk managers about the 

During the p l ~ m h g  dialoguc, risk managers and risk ~ S C S S O T S  each bring impomt  

Ilxlkhg. 

In some risk EIsscssrncnts, intcrcsrcd parties dso takc an nctivc role in planning, 
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cnvironmcns, economics, cul& changes, or 
othcr values potentially at risk from 
cnvironmcntal mmgemcnt activities. 
Mae they h w c  the ability to incrcase or 
mitigate risk to ecological values of concern 
hat are jdentificd, htcrcsted parties may 
bccomc pm of the risk rnmgemcnt tern (SCC 

text box 2-1). Howevcr, involvcmcnt by 
interested panics is not always needed or 
appropiate. It depends on the purposc of the 
risk assessment the regulatory rcquiremem, 
md the chmctcristics of thc management 

problem (see section 2,2.i>, When intcrcsted 
pardes become risk mmgcrs  on a rem, they 
dircctly participate in plaming, 

During planning, risk managers and 
risk tlsscssors are: rcsponsiblc for coming to 
agreement on the gods, scope, and timing of ;L 
risk assessment and &c resources t h x  are 
available and necessary to achievc the gods, 
Together they use information on the area’s 

ecosystems, regulatory rcquktmcnts, and 
publicly petceivcd environmental vducs to 
interpret the goals for ut in the ecological 
risk assessment. E;uamplcs of qucsrions that 
risk managers und risk MSCSSO~S may addrcss 
d u b g  plvlning arc provided in tcxt box 24, 

22. PRODUCTS OF P L A W G  
The chxactcristics of an ccological 

risk ssessmcnt YC directly determined by 
agreements reached by risk mungers and risk 
;1sscssors during planning dialogues. Thcsc 
qgecmcnts ;vc the products of planning, 
They include (1) c!c;lrly esiblishcd and 
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Tcxt BOX 2-3. W h o  Arc Zntcrcstcd 
Partit%? 

Intenstcd panics (commonly d e d  
“stakcholdcrs”) may include Fcdcnl, State, 
aibd, and municipal govcmmcnts, indudrial 
leaders. environmental p u p s ,  small-business 
owners, landowners, and othcr s c p c n t s  of 
society conccmcd about rn cnvironmcntal 
issue at h d  or attempting to influence risk 
mmgcrncnt dccisions. Thcir involvcmcnt, 
particularly during mmagcmcnt god 
dcvelopmenf my bc key to succcssfd 
implcrncntation of management plans since 
implementildon is morc likely to occur when 
backed by c o n s e m ,  Large diverse groups 
may rcquirc mined facilitators and 
conscnsus-building tcchniqucs to reach 
agccment, 

Zn some cases, interested parties may provide 
important information to risk ~sscssors. 
Locd knowledge, partiduly in & 
commuuitics, and tnditional knowlcdgc of 
native peoples cm provide vdublc insights 
about ccologid chmcterisa‘cs of o place, 
p u t  conditions, and current changes, This 
knowItdgc should bc considcrcd when 
assessing avdable infomtion during 
problem formulation (SCC section L2). 

The contcxt of involvcmcnt by intcrcstcd 
parties can vary widely and may or may not 
be appropriate for a particular risk 
assessment, Intcrcsted partics may be limited 
to providing input to goal dcvelopmcnt, or 
they my bccomc risk managers, depending 
on die degree to which they c m  takc action 
to manage risk and the replmory context of 
L$C dccision, Whcn and bow intcrcstcd 
partics influcncc risk assessments and risk 
mvtagement YC mas of cumnt discussion 
@RC, 1996) Src additional information in 
text box 2-1 and section 2.1. 
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rcxt Box 24. Qucstions Addrcsscd by Risk Mmogcrs and Risk Assessors 

Quustions principally for risk manngcrs to am-wcr: 

What is thc mwr ofthc problem and thc best s d t  for the wcssmcat? 

Wh3t arc thc mmqcmmt goals and decisions necdcd and how will risk mcssmcnt hclp? 

What z c  thc ccological vducs (e.g.. cntitics and ccosystcm chmctmisrics) ot'conccm? 

Mat arc thc policy considerations (law, corpontc stewudShip, societal conccms, 
environmental justice, intergcncntiod cquity)? 

Wt prcccdcnts arc S C ~  by similar risk vscssmcnts and previous dccisions? 

What is be context of tlx asscssmmt (c.g,, industkd sirc, d o a d  park)? 

* What rcsourccs (c.ga, pcrsonncl, t i c ,  rnoncy) YC avilrrblc? 

What level ofunccmhty is acccpublc? 

Questions pMcipall!* for risk ~sscssofs to  mswcr: 

\%at is thc scale of the risk assessmat? 

What arc the critical ecological endpoints and ecosystem and rcccptor characteristics? 

How likely is rccovcy, and how long will it &e? 

What is the naturc of the problem: pas% prcscnt, funue? 

What is our state of lcnowlcdgc of the problem? 

what dam and data analyses arc avdablc and appropriate? 

M a t  arc the potential c o m r h t s  (e,&, limits on cxpcrtisc, b c ,  availrrbilip of methods 
and dm)? 

i 

articulated mmngemrrnt gods, (2) cIiarx:erimtion of decisions to be made within the context of 
the management goals, and (2) agrccmcnt on the scope, complex@, and focus of the risk 
assessment, including thc cxpccted output and the technical and firuncial support avvrrilablc to 

complete it. 



22.1. Managcmcnt Goals 
Management goals arc statements 

about the desired condition of ccologkd 
values of concern. They may m g e  from 
"m;lint.ain a suminnblc aquatic community" 
(see text boxes 2-5 and 2-61 to "rcstorc a 
wetlmd" or "prevent toxicity." Mmagcmrnt 
gods driving o spccjfic risk asscssrnenr may 
come fiom the law, intqrcntions ofthe law 
by regulators, desked outcomes voiced by 
commdty  lcadm and the public. and 
interests expressed by affected parties, All 
involve input from the public. However, thc 
process used to csnblish mrrnngcmcnt goals 
influcnccs how well they providc guidance to 
a risk ;LSscssment team, how t!ey fostcr 
community participation, and whether the 
larger affected community will support 
implemtnution of rn;ln;lgcment dccisions to 

. 

achicvc the god, 
A majority of Agency risk ssessmcnts 

...; , . . . 1 _ .  . . . .  . 1 . .  
, . _ .  , , . . .  

* '  
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Tcxt Box 2-5. Sustainability a~ a 
Managcmcnt Goal 

To sustain is to kcep in cxhicncc, maintain, 
or prolong. Suminability is used M a 
mmgtment  god in a v3sicty of settings (see 
US. EPA, 1995a), Sustainability and other 
concepts such 3s biotic or communitly 
intcpity may be vely uscful3s guiding 
principles for mmgemcnr gods. Howcvcr, 
in c3ch a c  thcsc prhciplcs should bc 
explicitly dcfmtd and interpreted for a place 
to support a risk asscssmenr. To do this, kcy 
questions nerd to bc nddrcsscd: What does 
sustainability or integrity mean for the 
particular ccosystcm? Wiat must be 
protcctcd to meet sustainable gods or systcm 
inrepity? Wllich ecological mourccs and 
proccsscs arc to be sustained and why? How 
will we h o w  we h v c  nchicvcd it? h w c r s  

for a particular rcosystcm. Conccpts like 
sustainability a i d  into& do not mcct thc ' 

criteria for M sscssrnent endpoint (see 
section 3.3.2). 

to thesc questions servc to clarify the gods 

incorporate legally cmblishcd rnmogcmcnt goals found in m b l i n g  legislation. h these wscs, 

gods wcrc derived through public debate among intcrcstcd partics when thc law was cmctcd. 
Such mmgcmcnt gods (c.g., thc Clean Water Act gods to "protect and restore the chcmicd, 
physical and biological integrity of the Nation's waters") EUT often open to considcnblc 
interprentio n and rarcly providc sufficient to a risk assessor. To address the 
Agency interimxed thcsc gods into regulations and guidance for implcmcnution at the 

national scdc (e,g., water quality criteria, scc text box 3-17). Mmdatcd gods may bc intcrprctcd 
Agency managers and staff into o pmicular risk xscssment format and then applicd 

consistently across stressors of tlir same type (e&, cvalwtion of ncw chenicds), In wscs whcx 
laws and regulations arc spcci!ically applied to n pardcular sitc, intcnction bchvecn risk sscssors 
and risk managers is needed to eranslatc the law and regulations into management goals 
appropriate for the sitc or ecosystcn of conccm (c,g,, Superfund site clcmup). 

Although this approach 1x1~ bccn cEectivc, most regulations and guid3ncc arc stated in 
terms of measures or specific acdons that must or must not bc taka nthcr establishing a 

'* 

'3 
3 
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Text Box 2-6, Mamgcrnenr Goab for Waquoit Bay 

A key challcngc for risk ascssors when dealing with a ~;encnl mmagcrncnt goal is intcrprcting the goal 
for a risk assessment. This E;UI be donc by generating ;L sct of management objcctives that rcpmcnt what 
must bc achievcd in a particular ccosystcm in order for the goal to bc mct An c?cmplc of this process 
was dcvciopcd in the Waquoit Bay watershed risk uscssmcnt U.S. EPA, 1996a), 

Waquoit Bay is n small stwry on Cape Cod showing s i p s  of dcpdnxion, including loss ofcclpss,  
fish, and shellfish and an incnmc in macroalgne mats and fish kills. The ,nmnogcmtnt god for WaqUOiK 
Bay was established through public meetings, prccxisting goals from local organizations, and Statc and 
Fcdcnl rcylations: 

Rcestiblish and mainnin watc: quality and habitat conditions in Waquoit 
Bay md associated frcshwatcr rivers and ponds to (1) support divcrsc self- 
sustaining commercial, ncrcntional, and native fish and shellfish 
populations and (2) r rvem ongoing dcpdation of ecological resources in 
the w atcrs h e d , 

To interpret this god for the risk asscssmenG it \vas convened into 10 managemcnt objectives that 
dctincd what must bc CNC in the watershed for the goal to bc achieved and provide the foundation for 
management decisions. The managcrncnt objcctivcs xc: 

Reduce or eliminatc hypoxic or anoxic events 

Prevent toxic levels of conmination in water, scdimcnts, and biota 

Rcstorc and maintain self-sustaining nauvc fish populations and their habitat 

Rcatiiblish vinblc cclgms bcds and rrssociatcd aquatic communities in thc bay 

Reestablish a scif=swining sdlop population in the bay &at CUI support 3 viable sport fishery 

Protcct shcllfish beds from bacterial conmination that tesults in closurcs 

Reduce or clirninntc nuisance mnmdgd growth 

Prcvcnr eutrophication of rivers mnd ponds 

Maintain diversity of native biotic communitics 

Mainnin diversity of watcr-dcpcndcnt wildlifc 

From these objectives, cight ecological entities and their attributes in thc bay wcrc sclcctcd as mcssmcnt 
endpoints (scc section 3.3.2) to k s t  rcprcscnt the manngcmenr goals and objcctivcs, one of which is 
u r d  mm andparch s i x  ofeclposs bcds. E c l g ~ s  was sclcctcd bccousc (1) sc3llops and othcr 
bcnthic organisms and juvcnilc finfish depend directly on ccll>las bcds for survival, (2) c c l p s  is highly 
scnsitivc to cxccss mncrodgol growth. xnd (3) abundant celgmis rcprcscnts a healthy bay to human 
USCPS. 
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value-based management goal or desired state. As cnvironmental protection efforts shift from 
implcmcnting conaols toward nchicving rncasunble cnviromcntal results, vduc-bud  
mmgcmeat gods 31 the national scale will bc increasingly important 3s guidance for risk 
CLSSCSSO~S, Such gods as "no unreason;lble cfi'ccts on bird survival" or ''maintainkg mal cstcnt of 
wetlmds" will provide 3 basis for risk assessment design (see also US. EPA, 1947s for 
additional exmplcs aid discussion), 

recommended in the Edgcwscr Consensus (US EPA, 1994b) gcnenlly rrquircs tint 

The 'place-based" or "community-based" approach for managing ecological rcsourccs 

management gods be dcvclopcd for cnch asscssmcnt Managernenr goals for "placcs" such 11s 
watersheds are formed LIS ;I consensus based on diverse values reflcctcd in Fedcd, State. tribal, 
and local regulations and an constituency-goup and public conccms, Public rncchgs, 
constituency-group meetings. evaluation of rcsourcc mmnngtmcnt organizational charten, and 
other mans of looking for sharcd goals may be necessary to reach conscw~ among thcsc divcrsc 

commonly called (sec However, gods derivcd 
consensus cvc normally gcncd.  For usc in D tisk asscssrncnt, risk assessors must intcrprct the 

gods into more specific objcctivcs about what must occur in 3 placc in order for the goal to be 
achieved and identie c c o l o ~ c d  vducs thm can be measurcd or csrimated in the ccosystcrn of 
ccmccm (see text box 2-61. For thcsc risk ~scssrncnts. thc intepremtion is unique to the 

tcosystcrn being assessed and is done on ;1 csc-by-cac basis as part of the p1-g proccss. 
Risk il~sessors and risk rnmgcrs  shouid agrcc on thc interpeentiom. 

Early discussion on md sclcctivn of clearly csz;lblished mmngemcnt goals providc risk 
;1sscssors with a fuller understanding of how diffcrcnt risk mmgemcnt options undcr 
consideration may result in achieving the god. Such informanon helps tiic risk sscssor identi* 
and gatha critical data and informati~n. Rcgardlcss of how managcmcnt gods YI: established, 
those that explicitly d c h c  ccoIogicd vducs to bc protcctcd provide thc best foundxion far 
identifying actions to rcducc risk and gcncnting risk assessment objrctivts, Thc objectives for 
t h ~  risk assessment derive fiom the ppc  of mmagcmcnt decisions to be made. 

2.2.2. 'Mnnagcrncnt Options to Achicvc Gods 

T).esc risk managcmcnt decisions may establish notional policy applicd consistcntly moss the 
country (c.g,, prcmuluf;lcturc noticcs CpMNj for ncw chemicals, protection of c n h g c r c d  
species) or be applied to 3 specific sitc (c,g,, hazardous wate sitc cIc;lnup lcvcl) or management 
concern (e,g., number of combined sewer ovcfflow cvcnts dlowablc per ycar) intendcd to achiwe 
m environmental goal when implcmcntcd. Mulagcrncnt decisions aftcn begin 11s one of 

Risk mmgcrs mus: implerncnt decisions to xhicvc managerncnt gods (SCC tci? box 2-7) 
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s c v e d  mwgement  options identified during 
planning. Mmgemcnt options may range 

Text Box 2-7. What IY the Diffcrcncc 
BcWccn a Managcrncnt Goal 2nd 

I from ptcventing the introduction of II strcssor 1 Maaigcmcnt Dc&ioa? 
I 

I 

to restontion of affcctcd ecological vducs, 
When seved options are dcfhcd ddag  

Management gods arc desired chamcrerisdcs 
o f e c o I o d d  values that the uublic wants to 

pluming for a pimicdx probIem (c.g., 1c;lvc I protect. -Clean water, protc&on of 
alone, clean up, or pave a contaminated site), 
risk il~sessmer~ts cm be used to predict 
potential risk across the range of thcsc 
management options and, in some cases, 

combined with cos-benefit ylalyscs to aid 
dccision making. When risk 3ssessors arc 

madc aware ofpossiblc options. they can usc 
them to ensure that the risk assessment 
addrcsses a sufEcient brcadth of issucs. 

E,qLicitly stcltcd managcmcnt options 

endangered species, m&tenmct of 
ccolo@cd integrity, c 1 m  mountain views, 
and Ghing opportunities arc dl possible 
xmmgcmcnt gods. Management dccisions 
dctcrmine the means to achieve thc end god. 
For instance, 3 god may be '"fishablc, 
Swimmable" waters. The rnm;lgcnient 
options under considcntion to achieve that 
goal may include incrcsing cnfiorccmcnt. of 
point-source discharges, restoring fish habitat, 
designing dltcrnativc scwgc rratmcnt 
facilities, or implcmenthg all of the above, 

provide 3 Enrnrwork for defining the scope, 
focus, and conduct of 3 risk ;ISSCSS;I~CP~. Some risk assessments xc specifidly designed to 
determine ifa preestablished decision criterion is cxcccdcd ( c . ~ . ,  see the dam quality objectives 
process, US. EPA 1994~.  and section 3 , 5 2  for more details). Decision criteria oficn contain 
inherent assumptions about c,uposurc, the range of possible stressors, or conditions under which 
the targeted Stressor is operating. TO cnsurc that decision options includc appropriate 
assumptions and the risk usessment is dcsigntd to address mmgemcnt issucs, these assumptions 
nctd to bc clearly sated. 

risk assessment should be. Early screening ticrs my have predctcrmincd decision criteria to 
m w c r  whcthcr a potential risk cxiists. Later dcrs hqucntly do not bemuse the mmagcment 
question changes from 'Lycs-no** to questions of "what, where. and how p a t  is thc risk." Rcsults 
from thcsc risk sscssmcnts require risk mvlagcrs to cvaluatc risk chmctcrization and gencntc P 

dccision, perhaps through formal decision analysis (e.g,, Clcmcn, 1996), or managers may rcqucst 
an iteration of the risk assessment to address issues of continuing concern (see text box 

. 

Decision aitcria arc often used Within a tiering b c w o r k  to dcrcrminc how cscnsivc ;L 

2-8). 
Risk assessments dcsigncd to support m g c m c n t  initiatives for a region or watershed 

where multiple stftssors, ccologicd values, and political and cconomic ficton intlucnce dccision 
mkhg require great flexibility md morc complex itcndvc risk assessments. They generally 
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Tcrt Box 2-8. Ticrs and Itcntion: Whcn Ls :I Risk Awssmcnt Donc? 

Risk assessments m g c  from very simple to complex u d  resource demanding. Mow is it 
possiblc to decide the level of effort? How many times should the risk assessor revisit dam and 
ilSscssment issues? Whcn is the risk asscssmcnt donc? 

Many of these qucstions can be addresscd by designing 3 set of ticred asscssmciits, Thcsc arc 
prqlmcd  and prescribed scts of risk asscssrncnts of propcssivc dm and rcsoucr intensity. 
The outcomc of 3 given ticr is to either make ;1 rnmagcmcnt dccision ofrcn bucd on dccision 
criteria, or coridnue to the ncxt lcvcl of effort. Many risk ;~sscssors m d  public and privax 
organizations use this approach (c.g,, sce Gaudct, 1994: European Community, 19%: Cowan 
et d, 1995; Baker c t  d., 1994; Urban and Cook, 1956; Lynch rt d.. 1994). 

An iteration is an unprcscribcd rcevdwtion of infonation that may occur at ;my time during ;1 
risk assessmen6 including ticred sse'ssmcnts. It is done in response to an identitied nccd, ncw 
information. or questions raised while conducting an ascssmcnt. a s  such, itcntion is o noma1 
charactcristic of risk ;~sscssmcrtts: but is not o formal planned step. k~ iteration r n q  inc!ude 
redoing the risk assessment wid2 new assumptions and ncw d m ,  

Scrting up ticred xscssments and dccision critcr;,a may rcducc thc nccd !'or iteration. Up-front 
planning and carcful dcvclopmcnt of problcm formulation will also rcducc the nccci for 
revisiting data, assumptions, and modcls, Mowevcr, thcrc arc no rules to dicutc how many 
iterations will be necessary to mswer management qucstions or ensurc scientific validiy, A 
risk ascssment can be considered complete when risk mvlogcrs hwc sufficient information 
and confidcncc in the results ofthc risk ascssmcnt to makc a dccision they can defend. 

require an examin~tion of ccologicd proccsscs most influenced by diversc l iman actions, Risk 
assessments used in this app1ic;ltion MC ofirn based on a general god statement and multiple 
potentid dccisions. Thrsc require significant planing to determine which m y  of mvlagcmcnt 
decisions may be addressed and to establish the purpose, scope, and complcxiry of tlic risk 
assessment. 

2.23. Scope and Complcxip o f  thc Risk tkiscssrncnt 
Although the purpose for conducting a risk assessment dctcrmines whcther it is national, 

regional. or local in scope. resource nvailability drtcnnines its estcnt, complcxiry, and tlie lcvcl of 
contidcnce in rcsults that c m  be expected. Each risk sscssmc'nt is constrained by the mailobilip 
of valid dm and scicntific understanding, cspcrtisc, time, and finwcicll rcsourccs 
Risk managers and risk ;1sscssors consider the nature of the dccision (c.g.. national policy, local 
impact). itvailciblc rcsourccs, opporrunitics for increasing thc rcsource base (e.g., parmering, new 
dam collection, altrrnativc analytical tools), potcntial characteristics of the risk assessment t c m ,  
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and the output that will provide the best 
information for the rcquircd decisions (see 
tm box 2-9). They must often be flexible in 
determining what level of cffort is wmmttd 
for a risk ;1Sscssmcnt. The most dctailcd 
assessment process is neither applicabic nor 

wcssments may be tbe appropriaic level of 
cffort. One approach for determining the 
xedcd  level of effort in thc risk ssscssmcnt is 
to set np ticred cvduations. ;IS discussed in 

descriptions of mmagcmcnt questions and 
decision critcrin should bc included in the 

ncccss;rry in evcry insmcc. Screening 

scction 2.2.2. whcrc tiers arc use& spcciflc 

plm. 
Part of the agrcencnt on scope and 

complcxiry is based on the rnuimum 
uncertainty that can be tolerated for the 
decision the risk assessment supports. Risk 
assessments completed in rcsponsc to legal 

k t  Box 2-9. Q U C S ~ ~ O ~ S  to AYk About 
Scopc and Complexity 

Is this risk assessment mandated, r c q h d  
by a corn  decision, OF providing guidancc 
to 0 comun i ry?  

Will dccisions be based on ucssmcnts of 
a small area cvaluatcd in depth or o I q c -  
s d c  am in less detail? 

Whllt arc the spndal and ternpod 
boundaries of the problem? 

h t  infomadon is already available 
compared to what is needed? 

How much time cm be taketi, and how 
m y  resources art available? 

What practicalities constnin data . 
collcction? 

Is a tiered approach an option? 

raindates and likely to bc challenged in court often require rigorous attention to potential sourccs 
of unccmhty to help cnswe that conclusions from the assessmat can be dcfccnded. A fide 
discussion is nccdcd between the risk manager and risk assessor on thc SOUCCS of uncertainty and 
ways uncertainty cf13 be reduced (if necessary or possible) through scltctivc invcstmcnc of 
rcmurccs. Rcsourcc plunh~g my account for the iterative nature of risk ;(Sscssmcnc or hcludc 
mplicitly dcfincd s t q s ,  such as tiers that represent hcmsing cost and complexity, a c h  tia 
designed to h c r c s c  undcrstmding and reduce uncertainty. Advicc on addressing the interplay of 
management decisions, smdy bounduics, data nccds, uncertainty, and specifying limits on 
decision errors may bc found in EPA's guidancc on data quality objcctivcs (US. EPG 1994~). 

23. PLANNrnG S'JMMARY 
The planning phase is complctc whcn agcemcnts YE rcxhed on (1) tbc managcrncnt 

goals for ccologid values, (2) the range of manngemcnt options the risk sscssmcnt is to 
suppon. (2) objcctivcs for the risk assessment including criteria for succcss, (4) the focus and 
scope of the assessmcnt, and (5) rcsourcc availability. Agecmcnts may cncompilss the technic 
approach to bc taken in a risk sscssrncnt as determined by the regulatory or mrrnagcmrnt context 

19 



and reason for initiating the risk ilSsmsrncnt {see section Xi), the spatial scale (c,g.. Iocd, 
regional, or natioml), and the tcmpord scale (c,g., thc time h m c  over which stressors or cffccts 
will be cvdutcd). 

In madrrted risk assessments, planning agreements may bc codified in t.~gulations, and 
Iinlc documcamtion of opcemcnrs is w m t c d ,  In othcrs, B s u m m q  of planning ngrccmcnts - -  
may be important for c m i n g  that tbc risk assessment remains consistent with its original intent. - 
A summary can provide a point of rcfercncc for dctcrnining if early decisions need to bc c h g c d  
h rcsponsc to new information. Thcrc is no predetermined fomaL length, or cornplority for ;I 
p l m h g  sum my^, It is ;L uscfLl rcfcrence only and should be tailorcd to the risk assessment it 
nprcsents, Eowcvcr, B sumnw will help C ~ ~ S L I X  quality communication bctwccn risk mmgcrs  
and risk uscssocs and will docummt agreed-upon decisions, 

Once planning is complete, the formal process of risk uscssment begins. During problem 
formulation, risk 3sscssors should continue the didogue with risk rnanagcrs, particularly following - 

xscssmcnt endpoint selection and complction of thc analysis plan. At thcsc points, potcntial 
problem can be identified before the risk usessmcnt proceeds, 

I 
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3. PROBLEM FORMUZATION PHASE 

Problem formulation is a process for 
&cnenMg and cvalui~Mg prcliminsll)l 
hypothcses about why ecologid cffccts have 
occurred, or m y  occw, b r n  human 
activities, It provides the foundation for the 
atkc ecological risk ascssmcnt. 'Early in 
problem foradation, objcctivcs for the risk 
assessment IVC rrfincd. Then the nature of the 
problem is evaluated md a plan for anrtlyZing 
data and chmctcrizing risk is developed, 
Any deficiencies in problcxl formulation will 
compromise dl subsequent work on the risk 
assessment (sec text box 5-1). The quality of 
the asscssmcnt will depcnd ii part on the tcam 

conducting the assessment and its 
rcsponsivcncss to the risk manager's nccds, 

The makeup of the risk ascssrncnt 

T a t  BOX 3-1. Avoiding Potcntinl 
Shortcomings Through Problem 
Formulation 

The impomce of problem formulation has 
bcen shown repeatedly in the Agcncy's 
analysis of ccolog'cal risk 3sscssmenc C;LSC 

studics and in htcmctions with senior EPA 
mamgcrs and regional risk ;~sscssow (US. 
EPG 1993s 1994d). Shortcomings 
consisrcntly identified in the m c  studies 
includc ( I )  absence of clcarly dchcd  gods, 
(2) endpoints that x c  ambiguous and difficult 
to define and measure, and (3) failure to 
identify important risks, These and other 
shortco&gi can bc woidcd through 
rigorous dcvelopmcnt of the products of 
problem formulation 35 described in this 
section of the Guidelines, 

r e m  assembled to conduct problem formulation depends on the requirerncntq of thc risk 
uscssrnent. Thc tcam should include professionals with cxpcrtisc dircctly related to thc level and 
type of problem undcr considention and thc ecosystm whcrc thc problcm is likely to occur. 
Terns may m g c  from onc individual calculating a simplc quotient where thc information and 
algorithm arc clearly established to ;L luge interdisciplhq, intcngcncy team typical of 
ecosystem-lcvcl risk s c s s m e n n  involving multiplc smss015 and ccologijcrrl values, 

fomuldon can bc most valwblc during final selection of asessment endpoints, rcview of the 
conceptual models, and adjustments to the analysis plan. The degree of participation is 
commcnswatc with the complcxiry of the risk ssscssment and the magritudc of the risk 
mmsgcment decision to bt faced. Participation normally consisxs of approval and rcihcmcn: 
ntbcr than technical input (%ut scc text box 24). The fomat used IO involvc risk managers nccds 
to gain from, and be responsive to, tbrir input without compromising the scientific validity ofthr 
risk assessment. The level of involvement by interesrcd panics in problem formulation is 

Involvcmenr by the risk management t a m  and other interested panics in problem 
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3.1. PRODUCTS OF PROBLEM F O R i i A T I O N  
Problcrn formulation :esults in three products: (1) assessment cndpoincs that adcqwtcly 

reflect mmngcmcnt goals and the ccosystem they rcpnscnf (2) conceptual models t h r  dcsaibe 
kcy rcla6onships between a stressor and assessment endpoint or bewccn s c v d  stressors and 
assessment endpoints, and (3) an analysis ;~lan. Thc first stcp toward dcveloping these products is 
to intcgnte available idonnation 3s shown in the hexagon in figure $1; the products arc shown 
;IS circlcs. While the cissessment of available infomation is begun up tiont in problcm formulation 
and the d y s i s  plan is thc hl producL the ordcr in which ascssment endpoints and conceptual 
models arc produced depends on why the risk ascssmcnt was hjtiatcd (scc sccrion 3.2). To 
enhance clarity. the following discussion is presented LIS a Linear progression, However, problem 
formulation is Erequcntly intcncdve and itmtive nther than linear. Rccvalmion may occur 
during any part of problem formulation. 

3.2. IB'TEGRATION OF AVAILABLE Ih'FORMATI@N 
The foundation for problem formulation is based on how wcll avaihblc information on 

strcssor sourccs and chmcterisics, cxposurc oppomnitics, chmctcristjcs of the ccosystcrn(s) 
potentially at risk. and ccoiogical effects are integrated and uscd (scc figure 2-1). Integration of 
wailable information is an itcntive process that normally occurs throughout problem forklation, 
Initid cvalutions often provide tbc basis for g c n m h g  pre- conceptual models or 
asscsmcnt cndpoints, which in turn may lead risk ascssors to seek other types of available 
infomation not previously recognizcd as ncedcd. 

The quality and quantity of information determine the coursc of problem formuliition. 
When kcy information is ofthc appropriate type and suflicimt quality and quantity, problem 
formulation can proceed cffcctively, When dm arc urravdablc, thc risk ~ S S C S S ~ C X I ~  may br 

I 

I 
I I 

suspended while additional data arc collcctcd or, ifthis is not possible, may be dcvclopcd on the 
I basis of what is known ax6 what can bc cwpoiated from what is known, Risk sscssmcnts arc 

fircqucntly begun without d1 nccdcd information, in which w e  the problem formulation proccss 
helps identify missing data md provides a h e w o r k  for further d x t  collection. Wiierc data YC 
fcw, the limintions of conclusions, or uncertainty, fiom thc risk usessmcnt should be clearly 
articulated ir, risk c h ~ c t c r i ~ t i o n  (SCC text box 3-2). 

The impetus for an ccologid risk sscssrncnt influcnccs what Sormarion is wailablr at 
the outset and whnt infomation should be collected. For cxmplc, 3 risk Eciscsmrnt can bc 
initiated because o known or potential stressor may entcr the environm*enC Risk IISSL'SSOI'S 

evaluating a sourcc or smssor will seck dam on thc effects with which thc stressor might bc 
associated and the ecosystems in which it will likely bc introduced or found. Ifan obscncd 
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Figure 3-1. Problem formulation phase. 

c 

adverse effect or c h g c  in ccologicd condition initiates the assessment, risk asscsso~s will scek 
information about potential strcssors and s o u r c t ~  that could have mused thc effect. When ;L risk 
ascssmtnt is initiated because of B desire to bertcr manage m ccologicd value or cntity (e.g,, 

species, communitics, ecosystems, or ploccs), 
risk ~ c s s o r s  will scek information on the , 

spccifc condition or effect of intcrcs the 

chcteristics of relevant ecosystems, and 
potential ~ S S O R  and sourccs (see text box 
a -  m). 

Inf'ormition (actual, inferred, or 
c d t r d )  is initially integrated in a scoping 
process that provides the foundation for 
developing problem formulation. Knowledge 

Text Box 3-2. Unccrtainy in Problem 
Form dntio n 

Throughous problem formulation, risk 
c~sscssors consider what is known and not 
b o w n  about D problcm and its setting. E x h  
product of problem formulation conr im 
unccminty. The explicit tratrncnt of 
unccrrainty during problem formulation is 
particularly important because it will h v c  
repercussions throughour rhc rcrnninder of the 
mcssrnmt. Uncmainty is discussed in 
section 5.4 (Conceptual Models). 
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Text Box 3-3. hiriaring a Risk Asscssment: What's Diffcrcat When Strcssofs, Effccts, 
or Values Drive the Process? 

I Thc rcsons for initiating a risk ;LSscssment hfucxc whcn risk ;~sscssors gmmtc products in I problem formulation. When the asscssmcnt is initiated bccausc of c o a c m  about sissors, 
risk ;1sscssors usc what is known 3bOUt the stressor and its sourcc to focus thc asscssmcnt, I Objcctivcs for the ssusmcrit x c  b a e d  on dercfrnhhg how thc sxrcssor is likcly to come in 
conmct With md affect possible rcccptors. This information fonns the basis for dcvclophg 
conccptud models ;lad selecting Elsscssment cndpoints. When an obscrvcd cffect is thc bask 
for initiating the ssscssmcnt endpoints arc normally csr;lbIished fim. Frcqucntly, the afLccted 
ccologid entities and thcir response form thc basis for dcfuing sscssrncnt cndpoints. Goals 
fcr protecting thc assessment endpoints ue then established, which support thc development of 
conceptual modcls. Thc models aid in thc idmtificntion of the most likely strcssor(s). Vduc- 
initiated risk asscssmcnts YC drivcn by goals for tlic ecological values of concan Tlicsc 
values might iavolvc ccologiwl entitics such as spccics, communities, ecosystems, or places, 
Based on these gods, assessment endpoints arc sclectcd drss :o serve lls an interpretation of 
the gods. Oncc selected, thc endpoints provide the basis for identifying M amy ofstressors 
that may bc intlucncing thc sscsmcnt  endpoints and describing the divcrsity ofpokntial 
cffccts. This information is thcn caprurcd in the conceptual model(s), 

gained during scophg is uscd to identify missing information and potcntial wscssncnt cnipoints, 
md it providcs b e  bask for carly conccptuahtion ofthe problcm being mcsscd. A s  problem 
formulation procccds, infomation q d t y  and applicability to thc particulx problcm of concern 
;vt increasingly scrutinized. Whcrc appropriate, fwhcr itcrations my result in o comprchcnsivc 
evaluation h t  helps risk 3sscssors p a t e  an m y  ofrisk hypothtscs (see section 3.41). Oncc 
analysis pIans arc being formcd, data validity becomes a significant factor far risk ;~sscssors to 
evdwtc (see secdon 4.1 for o discussion of asscssing data quality). Thus an evaluation of 
avaihble information is IVI ongoing activity throughout problcm formulation The lcvcl of effort is 
drivcn by the type of messmcnt. 

As thc complexity and spatid scdc o f n  risk assessment increme, inSunnation ncrds oftcn 
cscalatc. Risk ~sscssors consider thc ways ccosystcm chmcrcristics dircctly influcncc whcn, 
how, and why particular ecological entities may becomc exposcd a d  exhibit advcrsc cfYccts due 
to particular stressors. Predicting rkks f?om multiple chemical, physical, a d  biological stressors 
requires an effort to undcrsmd their intcmctions. Risk sscssmcnts for a region or watershed 
where multiplc strtssors arc the rulc, rcquirc considemtion ofccologid processes opmting at 

t q e r  sp3tid scales. 
Dcspitc our limited knowkdgc of ccosytcms and the stresso1s influencing then the 

process of problem formulation offers CL systematic approach for orgxking and cvaluting 
avdnblc information on SU~SSOPS and possiblc effects, It wn function as 3 p r c m  risk 
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assessment that is usefid to risk ~ S S S ~ S S O ~ S  and decision makers. TCS box 5-4 providcs a scrics of 
questions that risk assscsso~s should attempt to wwcr,  This exercise will help risk 3sscssors 
i d c n e  known and &own relationships, both of whidi z c  important in problem formulation. 

Problem formulation proceeds with thc idcntification of asscssrnent cndpoints and rhc 
devdopment of conceptual models and an analysis plan (discussed below). Early recognition that 
the resons for hkkdng the risk assessment aEfcct the order in which products arc gcnrratcd will 
help facilitate the development of problem formulation (see t e s  box 3-3). 

33. SELECTING ASSESSMEST ENDPOKNTS 

be protected, opcntionally dched by an ccological entity and its attributes (SCC section 3.2.2). 
Assessment adpoints arc critical to problem formulation because they structure the ascssment to 

addrcss nmagemcnt concerns and are ccnaal to concepnral model developmcnt. Their rclevance 
is detcrmincd by how well they target susceptible ecologi4 cntitics, Their ability to support risk 
mim;lgement decisions depends on whether they arc mcuumblc ecosystem chmctcristics &at 

adequately represent mmgcment  goals, The sclcction of ccological concerns md usessment 
endpoints at EPA has aditiondly been done intcrndly by individual Agency p r o m  oEccs 
(US EPA, 1994a). More rccently, inntcrcstcd and rrff'ectcd parties have helped idcndijl ' 

managemcat concerns and assessment endpoints in efforts to implement wttrshcd or community- 
based cnvironmcnd protection. 

This section provides 'guidance on sclcCring and defining assessment endpoints. It is 
prcscntcd in two p m .  Scction 3 ,3.1 emblishcs tlycc criteria (ecological rclcvaacc, 
susceptibility, and relevance to management goals) for detcmining how to select among a broad 
a m y  of possibilities, the specific ccological chanctcrisn'cs to target in the risk sscssment that u c  
responsive to gcncral mvlngcmcnt gods and arc scicntifiwlly defensible. Scction 3.32 then 
provides specific guidmcc on how to conven sclcctcd ccologicd chmctcristics into opcnt iodly 
defined asscssrncnt endpoints that include both a dched crrtiry and specific attributes amcnnblc to 
m c u e m e n t .  

Asscssmcnr endpods arc c,uplici t expressions of the actual cnvironmcat?l vduc hat is to 

33.1. Critcria for Selcctiou 
All ccoSySrcms x c  divcrsc, with many lcvcls of ccologicd organkcation (c.g., individuals, 

ppdations, communities. cc~syscms, 1ul;lSapcs) and multiplc ccosystcm proccsscs. It is mcly 
clear which of these chnractcristics x c  moa critical to ecosystem function, nor do profession& 
or the public a l w y s  agree on which arc most v d u b l t ,  As a rcsult, it is often a 
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Text Box 34. Assessing Available Information: Qucstionv to Ask Conccrning Sourcc, 
Strcssor, and Expouurc Characteristics, Ecosystem Chancteriutia, and Effects (dcnvcd 
in part from ~3cunthousc and Brown, 1994) 

Source and Stressor Chnncterivtia 
What is thc source? Is it anthropogenic, n a m l ,  point source, or d i f i c  nonpaint? 
What type of strcssor is it: chemical, physical. or biological? 
What is the intensity of the strcssor (c.g., the dose or conccnntion ot'a chemical, the magnirudc or cxtmr of 

What is chc mode of adon?  How does thc .messor act on organisms or ecosystem functions? 
Expovurc ChnmctcristLs 

* Wid1 what kquency does P 5ucssor cvenr occur (c& is it isolatcd, cpisodic, or continuous; is it subjcc: :o 

What is its duration? How long docs it persist in the cnvironmcnt (c,g,, for chcrnicai. what is its half.lifc, 

physical disruption, the density or population sizc of 3 biological seasor)? 

n a m l  doily, seasonal, or annual periodicity)? 

docs it  bioaccumulntc; for physical, is habitat altcntion sufficient to prevent rccovely; for biological. will it 
reproducc and prolifcntc)? 

What is thc timing of cxposurc? Wicn does it occur in relation to critical organism lifc cyclcs or ecosystem 
tvrnts (c.g,, rcproduction, I&c ovcmm)? 

What is the spatial scalc ofc.uposurc? Is the cxtcnt or influence of the stressor loca,l, regional, global, habitat- 
spccific, or ecosystemwide? 

What is thc distribution? How docs thc m c n o r  move through thc cnvironmrnt (c,g,, for chcrnial, fdc and 
t m s p o R  for physical, movement of physical st~vcturcx for biologiml. lifc=history dispcnoi chmctcristics)? 

Ecosystems Potcntinlly at Risk - Mat arc the geographic boundaries? Mow do they rclatc to functional chmctcristics ofthc ccosystcm? 

What YC the key abiotic factors influcnchg the ecosystem (e,&, climatic factors, gcology, hydrology, soil 

Whcrc and how u e  fhctional chmctcristics driving thc ccosystcrn (c,g., cncrgy sourcc and proccssing, 

What m thc strucnval chmcteristics ofthc ccosystcm (e&, species number and abundance. trophic 

What habitit typcy we prcscnt? 

How do thcsc chmctcristics influcncc the susccptibility (scnsitiviy md likelihood of exposure) of the 
ecosystem to the strwsor(s)? 

Art thcrc unique features that are p ~ i c u l a r l y  valued (c.g., the 1 s t  rcprcscnrativc of ru1 ccosystcrn typc)? 
What is the Imndswpc contcxt within which the ccosystcrn occurs? 

Ecologicnl Effcct~ 

l h n t  ;ire the type and cxtcnt of availnblc ecological cffccts information (cog., field survcys, lnbontory tests. 

Given the naturc of thc stressor (if known), which effects (VE cxpcctcd to bc elicited by t!!c srrcssor? 
Under what circumstances will effects occur? 

type, water quality)? 

nutricnt cycling)? 

rclationships)? 

or smcrurc-activity rclcrtionship~)? 
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Endpoint 

A hydroclcctric dm is to bc built on a river in 
the Pacific Northwest whcrc anadromous fish 
such as salmon spawn. Asscssmcnt cndpoints 
should bc sclcctcd to assess potcntial ccologicd 
risk. Of the anadromous fish, salmon that 
spawn in thc r i v a  arc m appropriate choicc 
bcmusc thcy mea the criteria for good 
wcssmcnt cndpoints, Salmon fiy and adults 
;VI: important food sources for a multitude of 
aquatic and tcncsnial spccics and arc major 
prcdmts  of squntic invmbnres (ccologiul 
rclcvmcc). Salmon m scnsitivc to c h m ~ c s  in 
scdimtnution and subsmte pcbblc sizc,.rcquirc 
quality cold-wanr hnbitm, and havc difliculty 

, .  ,' . ' 

challenge to consider the m y  of possibilitics and choosc which ccologjd chanctcristics to 

protec: to meet rnanclgcrncnt goals, Thosc choiccs arc critical, howcvcr, h u e  thcy bccorne the 
basis for defining ascssmcnt cndpoints, the m i t i o n  between broad mmgcmcnt goals and the 
specific rnexwcs used in il risk assessment. 

Three principal critcria a e  used to 
sclcct ccologicd vducs that may be 
clpproptiatt for assessment endpoints: (1) 
ecological relevmce, (2) susccptibiliry to 
known or potcntid s~cssors, and (3) 
relcvmcc to mwgcmcnt goals. Of thcsc, 
ccoIo@cd rclrvmce and susceptibility arc 
csscntid for selecting ascssmcnt endpoints 
tha: arc scicntifidly defensible. Howcver, ro 
inm;rsc the likelihood that the risk asscssmcnt 
will bc uscd in mngemcnt dccisions, 
assessment cndpoints arc rnorc eflcctivc when 
they also rcflcct s0cica.l valucs and 
mmngcment gods. Given the complcx 
funCtiODbg o f e ~ ~ ~ y s t m  and the 

inttrdcpmdencc of ecological cntitics, it is 
likdy that potcntid uscssmcnt cndpoins w11 

bc identified that arc both rcsponsivc to 
managcrneat gods and meet scicndfic critm'a. 
Assessment endpoints that mcct dl three 

criteria providc the best foundation for ;lil 
e3cctivc risk ; ~ S S C S S ~ C ~ ~  (e,&., scc text box 

5-5). 

33.1.1. Ecological Relevance 
EcologidIy relevant endpoints reflect 

important chmctcristics of the system and arc 

functionally related to othcr endpoints (US, 
EPA, 1992a). Ecologically relcvant endpoints 
m y  be identified at any level of orgmiation (c.g., individual, population, community, ecosystem, 
Imdscapc), The conscqucnccs of changes in thcsc endpoints may be quanrifitd (c.g,, alteration of 
community suucturc from the loss of a kcystonc species) or inferred (c.g., survival of individuals 
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I is needed to maintain populiltions). Ecological entities ;vc not ecologidy rcicvmt unlcss they 
LZ currently, or w m  historicdIy, part of the ecosystem under consideration, 

Ecologicdly relcvmt endpoints oftcn hclp sumin the natural mcturc, fhction, and 
bicdivnsity of an ecosystem or 9s components. Tlicy may contribute to the food base (e.g,, 
p&uy production), provide habitat (cg., for food or reproduction), promote regeneration of 
critical resources (e,g., decomposition or nutrient cycling), or reflect the sicnxrc of the 
cornmuirj, ecosystem, or lmdscapr (c.g., spccics divcrsity or habitat mosaic), In lmdsc.apc-levcl 
risk IIsscssments, cx& selection of xscssmcnt endpoints that addrcss both species of concern 
and landscope-Icvcl ecosystcm proccsscs bccomts impomt,  It may bc possible to sclect one or 
more species and an ecosystem process to represent larger h c t i o n d  communiry or ecosystem 

I 

processcs. 
Ecological rclevmcc is Iinkcd to the 

nature and intensity of potential c$ccts, the 
spatid and tcmporal swles where cffccts may 
occur, and the potentid for rccovcry (sec 

Dctcrminiag Ecological Adversiry, scction 
5.2.2). It is dso lhkcc! to the lcvcl of 
ccologicd organization that could be 
adversely affccted (sce US. EPA, 1997~1, for 
a discussion of how different lcvcls of 
orgmization arc used by the Agency h 
defining ;1~~essmmt cndpoints). Whcn 
changes in sclectcd ecosptern entities are 
ke!y to c a u c  multiple or widespread effects, 

~ ~. ~~ 

Tcxt Sox 34. Cucading Adversc Effccts: 
Primary @ircct) and Sccondnry (Inditcct) 

The intcnzlntionships among entities and 
proccsscs in ecosysrcms foster i-~ potential for 
cascading effects: M O ~ E  population species, 
proccss, or other cntity in the ccosystcm is 
altercd, orl~cr entitics arc affcaed ils well, 
Prixnrrry, or dire@ effects occur whcn o 
stressor acts directly on rhe wcssment 
cndpoin: and wuscs an adverse response. 
Scconday, or indirect, effects OCCLU whcn the 
entity's response becomes CL stressor to 
another mtity. Secondary effects arc often P 
series ofcffects among a divmiry of 
orgmkms and proccsscs that cascade through 
the tcosystcm, For c . . p l e ,  application of 
an hcrbicidc on D wet mexiow results in 
dircct toxicity to plants. Death of the wetland 
plants leads to secondary cffects such as loss 
of feeding habitat for ducks, breeding h b i t t t  
for red-winged blackbirds, dtcntion of 
wctlmd hydrology that changes SP3Wnhg 
habiat for fish, and so forth. 

such entities c m  bc powcrful components of 
assessment endpoints. They arc particularly 
valuablc when risk ;~sscssors are trying to 
identrfy the porendal cascade of adverse 
effects that could result from loss or reduction 
o f a  spccics or a change in ccosystcm fvnction 

effects may be predictable, it is often difficult to prcdict the nature ofd1 potential cffccts. 
De tcmhhg  ecological relcvucc in specific cucs requires professional judgment based on sitc- 
specific information, prcliminq swcys,  or aber avdable information. 

(SCC t c s  box 3-6). Cclthou& 3 cscadc O f  
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Ecological resources are considcred 
susceptible whm they arc scnsitivc to II 
stressor to which thcy arc, or m3y be, 
exposed, Susceptibility cm often be idcntiticd 
cxiy in ptoblcm fomuhtion, but not always. 
Risk 3sscssors may be required to usc their 
best profcssional j u d p c n t  to select thc most 
UCly c,mddates (SCC t e s  box 3-7). 

Sesitivity refers to how rmdily m 
ecological entity is affected by a pa.dcular 
stressor, Sensitivity is directly related to the 
mode of action of the strcssor~ (e,g., chemical 
sensitivity is influenced by individd 
physiology and metabolic pathways), 
ScnSit?hy is also influenced by individual Lqd 
c o a m ~ ~  lifc-his?ory chmctcristics. For 
exmple, smun species s s c m  blagcs that 
depend on cobble and p v t l  habitat for 
reproduction are sensitive to fine scdimcnts 
that i2l in spaces bcrwcen cobblcs. Spccics 
with long life cycles and low reproductive 
ntes are oficn more vulnmblc to extinction 
&om inacucs in mortality h species with 
short H e  cycIcs and bid1 reproductive rates. 
Species with large home mges may be more 

~ ~ 

Tcxt Box 3-7. Identifying Susceptibility 

Often it is possiblc to identify c c o l o & l  
entities most likely to be susceptible to a 
mcssor. Ilowevcr, in some a c s  whcrc 
strcssors m not known at the initiation of a 
risk nsscssmenf or specific cffccts b v c  not 
been idcnrified, the most msccptiblc entitics 
may not be known. Wherc this occurs, 
profcssiollal judgment my be required to 
makc initial selections of potential endpoints. 

Oncc donc, avdablc inFom6on on potmtid 
stressors in the systcm can bc cvdutcd to 
dctcrm.int which of the endpoints arc most 
likely susceptible to identified strcssor~, If m 
assessment endpoint is sclcctcd for a risk 
assessment that directly supports mmagcment 
goals and is ultimcrtely found not susceptible 
to strcssors in the systcm. thcn c1 conclusion 
of no risk is appropriate. Howcver, whcrc 
therc at multiplc possiblc asscssmcnt 
cadpoints that address rnmagement goals and 
only somc of thosc LVC susccptiblc to a 
mcssor, thc susceptible endpoints should bc 
selected Ifthc susccptiblc endpoints are not 
initidly sclccttd for an mscssment, EUI 
addidanal iteration of thc risk assessment 
with alternative zxcssment cndpoints may be 
needed to dctemine risk. 

scnsitivc i o  h b h t  hgmcntation when the fragment is smaller tban their required homc range 
cornpared to species whh srndlcr home ranges that arc encompassed within P fngncnt, 
Howcvcr, habiut hpxntation may dso affect species with small home mgcs whcrc migration 
is CI necessary part of their life history and hgmen.slton prevents migmtion and genetic exchimgc 
among subpopulations. Such life-history characteristics arc important to considcr whcn 
cvaluting potentid sensitivity, 

Frequently, young m h d s  cz'c morc scnsitivc to stxssors than adula. For instance, Pacific 
sdmon eggs and fry arc very scnsitivc to he -@ scdimcnution in river beds bccausc they CM 

be smothered. Agedependent sensitivity, howevcr, is not only in the young. In many species, 

Sensitiviry an bc tclaicd :o thc Iifc stage of an organism when cxposcd to a strcssor. 
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cvcnts tikc migration (c.g.* in buds) mnd molting (c.g., in harbor seals) rcptesmt significant mcrgy 

investments tbat incrcs;e vulnerability to strcssor~, Finally, sensitivity may bc enhanced by the 

presence of other stressors or m d  djsturbmccs. For example, the presence of insect pests and 
discsc may make p1mt.s more scnsitivc to damage from OZOPC (Heck, 1993), To determine how 
sensitivity at EL particular life stage is critical to population panmeters or community-lcvcl 
wcssment endpoints may require furthcr evaluation, 

M c w c s  of sensitivity may include mortality or advcrsc rcproductivc GEfccrs fiom 
exposurt to t o x b .  Otbn possible rnewcs of scnsiti~ty include bchnviod abnod t i e s s ;  
avoidance of significant food SOUTCCS m d  ncsting sites; loss of offspring to predation because of 
the proximity of socssors such s noisc, habitat alteration, or loss: com,Unity stnrctunl changes: 
or other factor,. 

Exposure is the second kcy dctcrmhnt  in susceptibility. Exposurc CUI mcm CO- 

occurrcncc, connct, or the absence of cont3ct. depending on thc srressor and s c s s m e n t  
endpoint Qucstions conccmhg whcrc a stressor originates, how it moves through the 
environment, and how it comes in connct with thc assessment endpoint arc cvaluatcd to 
detexminc susceptibility (see section 4.2 for more discussion on characterizing cxposurc). TIC 
mount and conditions of cvposurc directly influence how m ccologkd entity will respond to a 
Stressor, Thus, to determine which entities =e suscqtiblc, it is important thar thc rc;sessor 
consider the pro.uimity of an ecological vduc to ~I~cssors  of concern, thc timing of cxposur~ (both 
in t e r n  of Ettqucncy and duntion), and the intensity of e.wposurc occurring during scnsidvc 
periods, 

Advcrsc cEccts of a particular stressor may be important during OPC p a  of m organism's 
life cycle, such as exly devclopmcnt or reproduction. They may rcsult fram c.uposurc to il 
smssor or to the abscacc of 3 necessary rt~ourct during a critical life stage. For cmmplc, if fish 
arc u.~r~L.lablc to find suitable nesting sites during thck rqroductivc p h c ,  risk is significant cvcn 
when water qualify is high and food souccs abundant. Thc interplay bctwcca lifc stage and 
SECSSOA can be vcry complex (sce text box 5-S), 

place or timc. Both lie-history characteristics and the circumst;urccs of cxposurc influcncc 
susceptibility in this case. For instulce, the tcrnpcnnur: of the egg incubation mcdium of marinc 
NIZles aff'ccts the sex ntio of hatchlings, but population impacts arc not observed until y e a  later 
when the cohort of affected NIzjcs begins to rcproducc. Delayed cffccts and multiple-stressor 
exposures add complexity to cvdutions of susccptibiliv (c.g., although toxiciry tests may 

Exposurc may occur in one place or h c ,  bur effects may not bc observed until mother 



dctcrmine rcccptor sensitivity to one stressor, 
suceptibility may depend on thc co- 
occurrence of ylotbcr stressor that 
significantly alters rcccptor rcqonsc). 
Conceptual models (set section 3.4) need to 
reflect these factors. If o species or other 
ecological mtir). is unlikely to be directly or 
indirectly exposed to the stressor of conccm, 
or to the secondary cEccts of stlessor 
c.yposuc, it may bc inappropriate s ;VI 

asesmcnt ccdpoint (see text box 3-7), 

33J.3. Relevance to Manugcment Goals 
Ultimately, thc effectiveness of ;I risk 

ssessmcnt dcpends on whethcr it is uscd and 
improvcs the quality of mmagcmcnt 
decisions. Risk mmgcrs  are morc willing to 
usc P risk sscssrncnt for making decisions 
when it is bscd  on ccologicd values that 

Native Eccshwater mussels ;u1: endmgacd in 
many strcams. W g e m c n t  efforts have 
focused on m a h a g  suitable h b i m  for 
mussels because habitat loss has been 
considered the greatest threat to this group, 
H o w e v ~ ,  h d  unionid mussels must amch 
to thc gills of a fish host for onc month during 
deveIopmcnt. Each species of musscl must 
attach to n particular host species of fish. Ln 
situations whcrc thc fish commUnity has bccn 
changcd, perhaps due to SWOB to which 
mussels i ~ f c  insensitive, the host fish my no 
longer be available. Mussel larvae will die 
before reaching maturity as a result. 
Regudlcss of how wcll manclgcrs rcstorc 
musscl habitat mussels Will bc lost from this 
system unless the f s h  community is rcstorcd. 
Ir, this CUC, risk is caused by the absence of 
exposurc to P critical rcsourcc. 

pcoplc w e  abut. Thus, cmdidates for sscssrncnt endpoints include cnhgered species or 
ecosystems, commercially or rc~cariondly important species, fuactional mibutes that support 
food sources or flood control (ee,&,, wetland water scqucssadon), cmthcric d u e s  such as clean 
alr in national parks, or the cxistcncc of charismatic species such as a g k s  or whales. However, 
scicction of ascssmcnt endpoints bascd on public pcrccpdons done could lead to magemen t  
decisions that do not considcr important ecological infomation. While xtsponsivcncss to thc 
public is imp om^ it docs not obviate thc nquircment for scientific validity. 

The challenge is to find ecological values that meet the neccssvy scimtii% rigor ;IS 

assessment endpoints that arc dso recognized as valuable by risk managers and thc public. As an 
illustration, supposc an asscssrncnt is designed IO evaluate thc risk of applying peslicidc around II 
lakc to control insccts. At this lake, however, midges art susceptible to thc pcsdcidc and form tlic 
buc of rr cornplcx food wcb that supports a native fish population popular With spommcn. W e  
both .midges and fish rcprescnt key components of the aquatic cornmunip, sclccthg thc fishcry xi 
the value for defining the 3sscssmcnt endpoint wgcts both ccolog.iwl and community concerns. 
Selecting midges would not, The risk zscssment can thcn chanctcrizc the risk to the fishers, if 
thc midge population is adversely dfcctcd. This choice mintains the scientific validity of the risk 
aSsessmult WMC being responsive to m a g c m c n t  c o n c m ,  In those case  w h m  4 Critical 
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assessment endpoint is idcnthicd h t  is unpopular with the public, the risk ilSScsor may find it 
necessary to present a persusivc we in its favor to risk managers based on xicntiXc qpmcnts ,  

Pnctical ksucs may influence what values are selected as potential messmcnt mdpoints, 
such as what is required by St;lrute (q., endmgcred species) or whcthcr it is possible to achicvc D 

pdcular management god, For cxamplc, in a river h d y  impounded throughout its rc3ch by 
multiple dams, gods for reestablishing spawning tubitat for hc-living mukcmous salmon may 
be feasible only S4Ed;Lms arc rcmoved. If this will not bc considered. selcdon of other ecological 
vdues its potcatid endpoints in this hif ly  modified system may bc thc oaly option .bother 
concern may bc whether it is possible to d i r tdy  mcwurc important vuiablcs. Where it is 
possible to dircctly mc;1Surc attributes of an ;LSsessmcnt cndpoint, crtnpolation is unncccssu)l, 
thus preventing the introduction of II source o f  uncc&ry. Asscssmmt endpoints that m o t  be 
mcssurcd directly but can bc rcprcsentcd by mcasitvcs that are easily manitofid and rnodrled may 
still providc ;1 good foundation for a risk asscssment. Howcvcr, whik mblishc.J measurement 

protocols arc convcnient and usefull, they do not dctcnnine whether M ;LSsmrnCnt endpoint is 
appropriate. Data availability done is not illl adcquatc criterion for sclcction. 

potcntid assessment endpoints bucd on an understanding of the ecosystem of concern. Risk 
mmgcrs  and risk 3sscssors should then come to apccmcnt on the iiml sclcction, 

To ensure scientific validity, risk mcssors u c  rcsponsiblc for sclccting and dcfking 

33.2, Dcfming Assessment Endpoints 
Once ecological values arc sclcctcd as potential xscssmcnt cndpoints, &cy nccd to be 

operationally defined. TWO clcrncnts arc required IO d c h c  an asessrncnt endpoint. 7"hc fvst is 
thc identification of thc speciflc valued ccologicd entity. This can bc a spccics (e.g., cclgx.s, 
piping plover), a bct ional  gaup of species (c.g,. piscivorcs), a community (e.g,, benthic 
invertebrates), an ccosystcm (c.g.. fake), a specific valued habitat (e.g.. wet meadows), ;I unique 
place (e.&.. a remnant of native pmkc), or other entity of concern. Thc second is thc 
chmctcrisn'c about the entity of concm that is imporiant to protect and potcntially at risk, Thus, 
it is ncccssq  to dcfinc what is impora t  for piping plovers (c.g., ncscing and feeding conditions), 
a lake (e.g., nuhcnt cycling), or wct meadow (c4g,, cadcmic plant community diversity), For an 
assessment endpoint to scmc as II clcv interprctatioa of the management goals and thc basis for 
measurcment in the risk assessment, both an entity and M sttribute arc required. 

What distinpishcs assessment endpoints from muagcmmt gods is thcir ncunality and 
specificity. kscssmcnt endpoints do not rc?rcscnt a desired achiwcmexx (ix., goal), As such, 
hey do not  COR^ words like eeprurect," "maintain," or "restorc," or indicate a direction for 
change such as "loss" or "incrczse." Lstcad they arc ecological values defined by specific entities 
and their rncasunblc atvibutcs, providing a framework for measuring s ~ - r c s p o n s c  
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rtltltion&ips. When gods l l ~ c  vcry broad it may bc djfEcult to sclcct appropriate 3sscssment 
endpoints until the goal is broken down into multiple management objcctivcs. A series of 
management objcdves u11 c l d y  the inhaut 3ssumptions within the god and help a risk 
assessor detcmhc which ecologid cntitics and a ~ b u t e s  best nprcscnt each objcctive (SCC text  L 

'$ 
4 l  ', box 2-6). From this, multiple sscssmcnt endpoints may be selectcd. See tcut box 2-9 for 

examples of m q e m c n t  goals and asscssment cndpoints. 
:a. i 
I.* -.. 
,c 

-_ 
Asscssmcnt cndpohts m3y or may not be djstinguishable from mtwrcs ,  depending on the 

assessment cadpoints selected and the type of rntwxcs. W c  it is the entity that influences the 

scde and chmctcr of 3 risk ctssessmcnt, it b the a ~ b u t c s  of M assessment endpoint that 
determine what IO mesure. Sometimes direct m c m c s  of cffcct un be collcctcd on the amibutc 
of concern. Mere this occurs, the assessment cndpoint and mcasuct of cffcct are thc same a d  
no e.mpolation is necessary (e.&, if the zscssmcnt endpoint is "rcproductivt succcss of blue 
jays," egg producion and fledgling success could potentially be directly measured under diffetcnt 
strcssot cxposuc scenarios), In othc: cses, direct mcmres may nor bc possiblc (e.g., :oz;icity in 
endmgtrcd species) and surrogate mesurcs of cffcct must bc sclectcd. Thus. although 
assessment endpoints must bc defined in tams of measunblc omibutcs, selection docs not dcpend 
on the ability to meswc thosc attributes directly or on whcthcr methods, models, and data arc 
currently widable. For pnctical resons, it may bc helpful TO use mcxment endpoints bat have 
well-dcvclopcd tcSt methods, ficId measucmcnt tecbniqucs, and prccdjctivc models (sce Sutcr, 
1993~). Howcvcr, it is no: ncccssary for mcthods to be smdardizcd protocols, Dor should 
assessment endpoints be sclccted simply bcmusc standardized protocols arc readily available. The 
appropriate m c w e s  to use arc generally idendfied duing conccptual model development and 
spec5cd in thc analysis plm. Mcsurcs of ecosystem cbctcn'st ics ma exposure arc determined 
by thc cntiv and attributes selected m d  SCNC as important information in conccptd model 
development. SCC section 3.5.3 for issucs surrounding thc sclcdon ofmc;rsurcs. 

Clearly dehed assessment endpoints provide direction and boundaries for the risk 
assessment and can minimize miscommuniwtion and reduce uncatahty; wberc &cy arc poorly 
defined, in;ippropriatc, or at thc ~ C O I T C C ~  scale, they can bc v q  problematic. Endpoints m ~ y  bc 
too broad, vnguc. or narrow, or thcy m3y bc innppropriatc for the ccosys~crn requiring protection. 
"Ecological integrity" is a frequently citcd but vague goal and is too v a p c  for an sscssmcnt 
endpoint. "Integrity" can only be uscd effectively when its n e d g  is explicitly c h m c t c h r d  for 
a p d c d a r  ccosystcm, habiur, or entity. This may be done by srlccting kcy cntitics or 
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Text Box 3-9. Examplcs of Mnnagemcnt G o d ~  and Asscssmcnt Endpoints 

CWC Regullutoy contcxi/monngcmcnt con1 A.smsrncnt cndpoiat 

Assessing Risks of 
Ncw Chcmical Under 
Toxic Subvmccv 

Protcct 'the environment" frPm "an wucuonablc 
risk of injuy" (TSCA $?[b][l] and PI); protect 
he aquatic cnvironmcnt. Goal wris to cxcctd a 

Sumivnl, growth, and 
rcproduction of fish. 
aquatic invcrtcbmcs, 

Control Act (Lynch ct concentmion ofconcern on no more than 20 days 

Specid Rcvicw of Prcvcnt . , "unreasonable a d v c m  efl'ccts on the Lndividual bird survival 
Gnnular  C x b o h  
B u d  on Adverse 
Effects on Birds 
II-IousekncchL 1993) 

i d  algae 
al., 1994) P year. 

cnvironmcnt" (FLFRA &j3[c][5] and 3[c][d]): 
using cost-benefit cowidcntiom, Goal was to 
have no rtgulirly repeated bird kills. 

Modcling Futurc 
Losses of Bottomland 
Forest Wctlnnds 
(Brody ct al,. 1993) 

_ _  _. ~~ 

National Environmcnal Policy Act may apply to 
cnvironmcnul impact of n e w  lcvcc construction; 
also Clean Watc: Act $404, 

(1) Forest community 
stNmrc and habitat 
vnlue to wildlifc species 
(2) Species composition 
of wildlife communitv 

Pest Risk Assessment 
on Importation of Lags 
From Chile (USDA, 
1993) 

~- ~ .- 

Asscssmcnt v m  done to hclp provide a basis for 
any necessary regulation of the importation of 
timbcr and timbcr products into the Unitcd Sutcs. 

S w i v a l  and growth of 
tree spccics in tho 
wcstcm Unitcd Sntcs 

Baird and McGuire 
Superfund Site invcncbntm 
(tcrrcsmd (2) Survival and 
component); rcprodudon of song 
(Burmaster et at., birds 
1991; Callahan ct al,, 
1991; Mendc ez d., 
1992) 

Waquoi: Bay Estuary (1) Estuarine cclgnss 
Waershcd Risk quality critcri,n-pcsticidcs; cnhgcrcd spccics. habimt abundancc md 
Asscssrncnt (US. EPA, National Estuarine Rcsrarch Raervc, distribution 
19964 MaYsechuscns. Arca of Critical Enviroruncnul (2) Esurinc fish 

Concern. God WM to reestablish and mnintuin 
watcr quality and habimt conditions to ilupport 
divcnc sclihiti-iining commercial, rccrcational. 
and native fish, water-dcpcndcnt wfldlifc, and 
shellfish and to rcvcnc ongoing degndation. 

Protection of the environmcnt (CERCLNSAM). (1) Survival of soil 

Clean Water Act-wctlmds protection; watcr 

spccics diversity and 
abundancc 
(3) Frcshwutcr pond 
benthic invcncbntc 
spccics divelsity and 
abundance 
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processes for an ecosystem and dcscribing attributes that best rcpractnt iatcgity for that sysrcm, 
Asscssmcnt endpoints that YC too narrowly defined may not support cffcctive risk mmgcment.  
If rn asscssmcnt is focused only on protecting the habitat of m cndangmd specics, for example, 
the risk assessment may overlook other equally important chmctcrisrics of tlic c c o ~ ~ s c m  and fail 

represent thc ccosystcm at risk. For inswcc, sclccting a game fish that grow well in rescmoirs 
may meet a "tishable" mmgcnent  goal. bct it would be inappropriate for cvalmhg risk fiom a 
new hydroclcttric d m  if the ecosystem of concern is a stream in which salmon spam (scc te* 

box 5 4 ) .  Although thc game fish will satisfy 'Yihblc" goals and may be highly dcskd by locd 
fishc.mcn, a rcscrvoir spccics docs not reprcscnt the ecosistcm at risk. Subsrituting "reproducing 
populations of indigenous salmonids" for 3 vague "vjinblc fish  population^" zsasmcnt  endpoint 
could therefore prevent the devdopment of m inappropriate risk assessment, 

When well sclcctcd assessment endpoints become powcrful tools in the risk uscssmcnt 
process. One endpoint thst is scnsitivc to many of thc identified stressors, yet responds in 
different ways IO different stressors, may provide an opportunity to considcr the combincd cffccs 
of multiple s~essors whilc still distinpislling thcir ciTccu. For e~mple,  fish population 
rccruitmcnt may bc advcrscly affcctcd at sevcral lifc s ~ g c s ,  in diffcrcnt habitats, through diffcrcnt 
ways, and by different stressors. Thcrcfore, mcuurcs of cffccr, c;uposurc, and ecoqstcm and 
receptor characteristics could be chosen to evaluate rccruimcnt and provide P basis for 
didnguisling d8crcnc stressors, individual effects, and their combincd cffects. 

sclcctcd. The National Crop LOSS Asscssmcnt Nctwwk (EIcck. 1993) sclcctcd crop yields as tlic 
wcssrncnt endpoint to cvalwtc the cumdative cffccts of multiple stressors. Althougfi thc 
primcuy stressor was ozone, the crop-yield cndpoint also allowcd the risk ~ s e s s o r s  to considcr 
the effects of sulk dioxide md soil moisturc. As Bmthousc ct al, (1990) pointed out, M 

cadpoint should be selected so th3t dl h c  cffccts can be cduprcsscd in thc m c  units (c.g., changes 
in the abundance of 1 -ycar-old fish from c q o s u c  to toxicify, fishing pmssurc, and h n b i t x  loss). 
Tiis is cspccially mc when selccting asscssment endpoints for multiple ~mxsors, However, in 
simtions where muitiplc stressors act on the spucturc and function of aquatic and tcncstrial 
communities in a watershed, an m y  of uscssmcn: endpoints that rcprcscnt the cornmunip md 
associnrcd ccolo~cal  proccsscs is more cffcctivc than n single endpoint. When based on differing 
susceptibility to an m a y  of sercssors, carcfdly sclectcd ascssmcnt endpohts c m  help risk 
assessors distinguish thc effccts of diverse s~cssors, Exposurc to multiple mcssors may Icad to 
cEccts at diffcrcnt lcvels of biological org&tion, for a cascadc of cldversc cffccts that should be 
considered, 

to include vviables (SCC ~ C X  box 3-S). F W y ,  t h ~  U S C S S ~ C ~ ~  endpoint could ~ 1 t 0  

The sscssmcnt endpoint cm provide 3 basis for comparing a range of stressors if carcfdly 

I 
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Professional judgment and an 
undcrstmding of the characteristics and 
function of an ecosystem arc important for 
tnnslating gcncml goals into usable 
assessment endpoints. The less information 
available, the morc critical it is IO have 
informed professionals help in the scleaion. 
Common problem cncountcrcd in selecting 
assessment endpoints are summarized in text 

Find zsessmcnt endpoint sclcction is 
m important risk manager-risk ;Lsscssor 
checboint during problem fornulation, Risk 
ascssors and risk managers should agrcc chat 
sclrcted ssessmcnt endpoints cffcctivcly 
rcprcsent the munllgcment gods. In addition, 
he scientific rationdc for tbcir selection 
should bo mtldc cydicit in thc risk uscssmtnt. 

box 2-10, 

- 

Text Box 3-10. Common Problems in 
Sclccting kssessmcnt Endpoints 

3.1. COXCEPTUAL, MODELS 
A conceptual model in problem 

formulation is ;I written description and visual 
representation of predicted rcbtionships 
between ecological cntitics and the s t r e s s o ~  

to which they may bc exposed, Conccptual 
modcls rcprescnt many relationships, Thcy 
my include ccosysstern processes that 

influence receptor rcsponscs or cxposurc 
sccnm'os that qU;llimivcly link land-use 

. Endpoint is a god (tag., maintain and 
restore cndcmic populations) 

Endpoint is vague (e.&., cmuinc  integrity 
instcad of c c l p s  crbundmcc and 
distribution) 

9 Ecological cntity is bcttcr as 3 m e u m  
(e.g., crncrgencc of midges can bc used to 
cvalute an assessment cndpokt for fish 
feeding behavior) 

Ecoloyical cntity may not be as scnsitivc tc 
thc srrcssor (c,g., c3riish VCRUS salmon for 
sedimentation) 

Ecological tntiv is not csposcd to the 
strcssor (c.g., using inscctivorous birds tbr 
avian risk ofpcsticidc applicntion m sccds) 

I Ecological entities arc irrelevant to rht: 
sscssrncnt (c.g., lakc fish in salmon 
S t T r n )  

* Attribute is not sufficiently sensitive for 
dctccthg important cffccts (e,&,, s w i v d  
compared with rccruiancnt for cndangcred 
spccics) 

activities to stressors. Thcy may dcscribc primary. secondary, and t c r t i q  e x p o s ~ c  pathways 
(sce section 42) or co-occurrcncc among esposurc pathways. ecological cffccts, and ecological 
rcccprors, hlultiplc concuptual modcls may be gcnentcd to address scvcml issues in a given risk 
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assessment. Some of the benefits gained by 
developing c o n c c p d  modelf arc featured in 

Conceptual models for ecological risk 
te?ct box 3-1 1. 

assessments arc developed Erom information 
about sxrcssors, potential exposure, and 
predicted effects OR an ec010gicd entity (the 
assessment endpoint). Depending on why a 

risk assessment is initiated, one or morc of 
thcsc wtcgorics of information arc known at 

thc outset (refer to section 2 2  and text box 3- 
5). Thc proccss of creating conccpml 
models helps identify the unknown clcments. 

model depends on thc complexiry of the 
problem: thc number of strcssas, number of 
assessment endpoints, nature of cffccts, and 
chmctcrisrics of the ecosystem. For single 
stressors and single assessment endpoints, 

The complexity of the conccpml 

Text Box 3-11. What Arc thc Bcncfib of 
Dcvcloping Conceptual Modeki? 

Thc process of crcating o conceptual 
modcI is a p o w a l i ~  learning tool. 

Conceptual models L'C easily modified 3s 
knowledge incrcacs. 

Conceptual models highlight what is 
known and not known and can be used to 
plan !irure work. 

Conceptual models can bc a powcrfUI 
comw'cation tool. They providc an 
explicit e.uprcssian of thc assumptions wd 
understanding of a system for odicrs to 
e v d ~ t t .  

. Conccprual models providc a framework 
for prediction and arc the tcmplatc fat 
gcncnting morc risk hypothcscs. * 

L conccpptual models m3y bc shplc. h some cases, the s a c  basic conceprual modci mav be used 
repeatedly (e.g., in EPA's new chemical risk asscssmcnts), However, when conccpnd models 
xc used to describe pathways of individual stressors and tLssessmenr endpoints and the interaction 
of multiple and diversc strcssors and sscssmcnt endpoints (c.g., asscssmcnts initiated to Protect 
ecological values), morc complex models and sevenl submodcis will oftcn bc needed. In *his 
w c ,  it can be helpful to create models that also rcprcscnt expected ccosystcm chractcristics and 
b c t i o n  when strussors are not prescnf 

Conceptuaf modcls consist of two principal cornponcnts: 

A sct of risk hypothcscs that describe predicted rclationships m o n g  strcssor, 
exposm, and assessment endpoint response, dong with the mtiondc for their 
selection 

A dingr;~.n that illuscntcs the relationships pmcntcd in the risk hypothcscs. 
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3.41. Risk Hypotheses 

H # ~ t h c s e s  
Hypo~cses, and Why Arc Thcy 
Important? r l  

ordcr to cvatuatt Iogical or empirical 
consequences, or suppositions tcnrrrtivcly 
accepted to provide a basis for evaluation. 
Risk hypothcsts are spcci5c rrssmptions 
nbour potential risk to assessment endpoints 
(SCC tcX box ;-12) md may be based 
rhcory and logic, empirical data, madiematical 
models, or probabili7 modcls. They arc 

formulated using a combination of 
professional judgment and available 
k.lfomation on thc ecosystem at risk, potential 
sources of messors, strcssor chmctcristics, 
and observed or predicted ecological cffccts 

on sclectcd or potential assessment endpoints. 
Thcsc hypothcscs may predict the cffccts of ;I 
mssor  bcforc &cy occur, or they may 

Risk hyporhcscs arc proposed y1swcrs to 
questions risk ;1sscssors have about what 
responses ;LSscsmmt endpoints will show 
when they arc cvposcd to sxressors and how 
cxposurc will occur. Risk hypotheses clarie 
and Y.ticulmc relationships that x c  posited 
through thc consideration of available data, 
idOrm3tiOn from scicatific litenture, and the 
best profcssjond judgment of risk wcssors 
dcvcloping t!x conceptual modcls. This 
explicit process opens the risk asscssment to 
pcm review and evaluation to cnsure the 
scimeific vdidity of t!x work. Risk 
hypotheses arc not cquivalcnt to sutisticd 
testing of null and alternative hypotliescs, 
However, predictions gcncmted from risk 
hypotheses can be tcstcd in a variety of ways, . .  

effect Dcpmditg on thc scopc of the risk asscssmcnt, risk hypotheses may tx very simple, 
predicting thc potentid effect of onc stressor on one rcccptor, or c.utfemcly complex. 35 is typical 
in value-initiated risk 3sscssmcnts that often includc prospcctivt and ntrospcccivc hypothcscs 
about the cff'ccts of multiple complexes of stressors on diverse ecological reccptors. Risk 
hypotheses rcprcsen: relationships in the conccptual model and arc not designed for statistically 
testing null and alternative hypothescs. However, they c m  bc used to gcnmtc  questions 
appropriate for rcswch. 

Although risk hypothtscs are valuablc even whco information is limited, the m o u t  and 
quality of data and information Will affect the spccikity and level of unccrrainty associated with 
risk hypotheses and the conceptual models they form. When preliminary information is 
confliahg, risk hypotheses can be consnuctcd speciGcally to differentintc bcnvccn competing 
predictions. The predictions can then bc evaluated systematically cithcr by using available data - 
during the malys.is phase or by collecting new d m  before proceeding with the risk 3sscssmcnr. 
Hypothcscs and predictions sct a h e w o r k  for ~ i n g  dm to evaluate functioad relationships 
(e. g., stressor-rcsponsc curvcs). 
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Early conccpnd models iue normally 
broad, idm-g s many potential 
nltlrionships as possible. As more 
hfomtion is incorporated, the plausibility of 
specXc hypothcscs helps risk scssors SOK 

through potcneidllly luge numbers of mssor- 
e&ct relationships, and the ccosystcrn 
processcs that influcncc them, to identify 
those risk hypothcscs most appropriate for the 

analysis phase. It is then that judfiwtions for 
scleeting and omhing hypothcscs are 
documented. Examples of risk hypotheses m 
provided in text box 2-13. 

3.4.2. Conccptuni Modcf Diagrams 

visual reprcsenration of risk hypotlicscs. Tlicy 
IVC useful tools for communi~~ting imporrvlt 

pathways cIwrly ad concisely and can tx 
uscd KO gcncntc ncw questions about 
rclstionships that help formulate plausible risk 
hypotheses. 

are flow diagrams containing boxes and 
mows to i l l m t c  rclntionships (SCC 
Appendix C). When *his approach is used, it 
is helpful to use distinct and consistent shapes 
to distinguish stressors, uscssrnent endpoints, 
responses, cxposurc routes, Lid ecosystem 
proccsscs. Although flow diagnms ;LPC oftcn 
uscd to illustiate conccptual models, thcrc is 
no set configuration. Pic:orial rcprrscnutions 
can be v q  cffcctivc (c.g., Bndlcy and Smith, 
19S9). Regudlcss of thc configuration, a 
diapm's uscllncss is linked to the dctailcd 

Conccptual model diagrams are P 

Typical conceptual modcl diagrams 

29 

Hypthescs include known information that SCI 
the problem in pqcc t jvc  and the proposcd 
rclarionships that nccd cv3luntion. 

Stressor-initiated: Chcrniuls with a high K,,,, 
lend to bionccumulatc, PiW chcmiml A hm 3 
K, of 5.5 and molecular strumre similar to 
known chemical mssor B. 
Kypothcses: B w d  on the K, of chcmicd A, 
he mode of action of chcmiwl 8, and the food 
Neb of thc hrgct ccosistcrn, when the PMN 
hernial is rclc3scd at ;L specified ntc, it will 
lioaccumulatc sufficiently in 5 yars to a u s c  
evclopmcnt31 problcms in wildlife and fish. 

;ffccts-inithtcd: Bid kjlb we= rcpcatcdly 
bscrvcd on golf courscs following thc 
pplication of tlic psticide carbofuran, which is 
ighly toxic. 
Iypotbcyes: Birds die when they co&urnc 
:ccndy applied granulated wbofunn :  is the 
NCI ofapplication incmcs, the numbtt of 
tad birds incrcms. Exposure occurs when 
2nd and dying birds arc consumed by other 
:im;zls, Birds ofpEy and scavenger species 
-ill dic from cating conminatcd birds. 

cologid valuc-initiated: Wuquoit Bay, 
Imsachusctts, supports recreational booting 
id commtrcinl aFd ncmtioml shcllfishing 
d is a significmt nursery for finfish. Large 
its of m~croalgnc clog thc estuary, most of the 
lgnss h z  dicd, and thc ~ ~ 3 1 1 0 ~ s  m gone. 
vpothcscs: Nutncnt loading fmm scptic 
mcrns, air pollution, and Inn fcrcilizcrs 
u c s  e c l p s  loss by shading from algal 
>wth and ditcct toxicity from niaogcn 
rnpounds. Fish and shellfish populations *arc 
:rcsing bcuusc of loss ofcclgmss hclbimt 
i pcriodic hypoxia from cxccss alp1 growth 

and low dissolvcd oxygen. 
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Mitten dcscriptions and justilkations for the rclcitionships shown. Without this, din- a 
misrcprcscnt the processes thcy at intended to i l lmt t .  

' n c n  dcveioping conccptuai model djapms, factors to consider include thc number of 
relationships depjctcd, thc cornprthensjvcncss of 'Jlc information, the ccminty wounding a 
linkclgc, and the potential for rneasUTcment. Thc ~mbcrr of relationships that cy! be depicted in 
one flow diagram dcpmds on their complexity. Scvcrnl models &ne haa~hg1y show more detail 
for smaller portions can be more cffcctivc than aying :o creatc one model h t  shows c ~ q t h i n g  
;It the h e s t  debail, Flaw dingrams that highlight data abundance or scarcity can provide insights 
on how &e mdyscs shodd be approachcd and c m  be uscc! to show the risk ascssor's confidence 
in the relationship. They can also show why ccrhn  pathways were pursued and others wwc not, 

Diagrams provide 3 working and dynm'c reprcscntation of relntionslzips. Thy should be 
used to elfplorc d S h t  ways of Iooking at a probIcm bcforc selecting one or scvcnl to guide 
analysis. Once the risk hypotheses are sclccted and flow diagams drawn, they set the framework 
for &xi planning for the mmalysis phase. 

3.43. Unccwinty in Conceptual iModcls 
Conceptual model dcvclopmcnt may account for one ofthe most important s o u c s  of 

uncertainty ic a risk assessment, If important rcIationships are missed or spccSed inconzctly, the 
risk chanctcrizttion may misrcprcscnt actual risks. Unccminty arises fiom lack of knowledgc 
about how the ecosystem functions, failurc to idennfy and intcrrchtc temporal and sp3tid 
p m c t e r s ,  omission of stressors, or overlooking secondary cffccts, Iu some WCS, little may be 
known about how il mcssor moves through the environment or causcs tldvmc cffccts, Multiplc 
stressors arc the norm and ;L source of confounding variables, pdcuiarly for conccprurtl models 
that focus on 3 single stressor. Professionals m3y not apcc on the iippropriatc conccptual model 
configmtion, Whilc simplihtion and lack of knowledgc may be mvojdrrble, risk 3sstssors 

should document what is known, jw thc model, and r;yrk model compoaem in r e m  of 
uncertainty (set Smith and Shugari, 1994). 

"u'nccrtainty associated with conccptud models cm be explored by consider@ altcrnncivc 

relationships. If more than one conccptual model is plausible, the risk assesso: may cvdmtt 
whcthcr it is t'c3siblc to follow scpmtc models through analysis or whcthcr the models w be 
combhcd to creak a better model. 

Conceptual models should be presented ro risk mangers to cnsm &ne t !ey  communicate 
wcll and address m3gcrs' conccm. This check for complctcncss and clarity is il way to uscss 
thc need for chmgcs beforc rnalysis begins. It is also vdwblc to rwjsit and where ncccsssIly 

revise conceptual models during risk ascssments IO incorponrc new infomintion and rcchcck the 
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rationale, If this is not f a ib l e ,  it is helpful to prcseat any new information during risk 
c h c t k t i o n  dong with associated uncc&ties, 

Throughout problcm fornulation, 
ambiguities, CITOTS, and disagrcemcnts will 
occur, dl of which conhbute to unccrtainry, 
Wherever possible, thm sourccs of 
unccrtahty should be eljminaicd through 
betta planning. Btc;lue all unccrt;linty 
c m o t  bc elimhred ;L description ofthe 
mrurc of the unccreaintics should be 
summvized at thc close of problcn 
fornulation. SCC tcxt box 3-14 for 
recommendations on how to address 
uncertaint)l. 

3.5. ANALYSIS PLrtv 

problem formulation During analysis 
planning, risk hypotheses arc cvdwtcd to 

dttctminc how t!ey will bc assessed using 
avdnblc and ncw data. The plan includes il 
delineation of the sscsmcnt design, data 
necds, mc;Lsurcs, and methods for conducting 

The analysis plan is thc find mge of 

Text Box 3-14. Uncertainty in Problcm 
Form uln tion 

Unccmintics in problem fornulation ;VI: 

mmifcstcd in tbc quality of conccpnral 
models. To address unccminty: 

Bc explicit in dching messrncnr 
cndpoints; include both m cnti;y and its 
mc3sunblc mributcs. 

* Reduce or dcfinc variability by wrcfi,~Uy 
d c f h g  boundaries for the uscssmcnt. 

1 Bc open and explicit about thc smngths 
and limit3tions of pathways and 
relationships dcpictcd in thc conccptuaI 
model. 

Identi@ and describe ntionalc for kcy 
3ssumptiom mode because of lack of 
Jaowlcdpc, model simplifation, 
approximation, or cxtnpol3tion. 

Describe data limitations. 

the analysis phase of the risk rrsstssncnt. Analysis plvls may be bricf or uctcnsivc depending on 
&e assessment. For some assessrncnts (c.g,. EPA's ncw chemical assessments), the analysis plan 
is already part of thc established protocol and a new plan is gcncrrrlly unncccs.xuy. As risk 
assessments become m o x  unique and cornplc~, the importance of n good analysis plan increases. 

The analysis plan includes pathways and rchtionskips identified during problem 
fornulation thnr will bc pllrsucd during the analysis phsc. Those hypotheses considercd more 
likely to contributc tu n'sk arc targeted, The rxiondc for selecting md omitting risk hypotheses is 
incorporated into the plan and includes acknowledgment of data gaps and unccmindcs. [t also 
may include a comp.xison of the level of confldcncc ncedcd for the management decision with 
that expected from altcmadve rrnalyscs in order to determine &CI needs and cvalwtc which 
d y h c a l  approach is best. When new data arc necded, thc feasibility of obt;lining them can bc 

takcn into account. 
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Tdcntifmtion ofthc most critical relationships to evalutc in a risk ascssmcnt is bucd on 
the relationship of assessment endpoints to ccosysrcm ss~cturc and bd04 the relative 
i m p o ~ c e  or influence md mode of a d o n  of stressors on wcssment endpoints, and other 
variables intlut~cing ecological advmity (see section 5.22). However, final sclcction of 
relationships t h r  can bc pursued in analysis is bucd on the m g t h  of known relationships 
bcrwecn stressors and cffccts, the compldcncss of known exposurc pathways, and the quaIity and 
availability of data. 

In situations wherc data are few and ncw dm m o t  be collectcd, it may be possible to 
extrapolate from existing data. Extmpolntion allows the usc of data collcctcd from other 
locations or organisms where similar problems exist. For ocamplc, thc nlationship bctwcen 
nuticnt availability and algal growth is well cstblishcd and consistent. This relationship can be 
clchowledgcd despite ditrcrrnccs in how it is manifcstcd in parricular ecosystems. When 
exmpolating from data, it is important to idcntifj, thc source of thc data, jus* the c.mpolation 
mcthoc!, and discuss recognized uncerraintics. 

A phucd, or riercd, risk 3sscssrnmt approach (set scction 2.2) can facijimtc managcmcn: 
dccisions in cxcs involving minimal data sets, However, whcrc few d m  m ELVIL~ID~IC. 
recommenddons for new tiat3 colIection should be pyt  of the analysis plan, When ncw data arc 
needed and cannot be obtained, relatiomhips that c m o t  be ascsscd x c  a source of uncertainty 

tion. and should be described in the analysis plan and latcr discussed in risk c- 
When dctcrmining what data to analyze and how to analyze thcm, consider how these 

analyses may i n c r m c  undmtmdixlg md confidence h thc conclusions of the risk assessment and 
address risk manilgcrncnt qucsions. During selection, risk C~SSCSSO~S my ask qucstions such as: 
How relevant will the rcsults be to the asscssmcnr cndpoint(s) and conccptxd model(s)? Art 

thcrc suEcient dm of high quality to conduct the nndyscs with codidcncc? How will the 
analyses help egablish muse-and-cffcct relationships? How will results be presented to address 
mamgcrs' questions? Where YC u n c d u e s  likely to become a problem? Considemtion of 
these questions during analysis planning will improve hturc characterization of risk (see section 
5.2.1 for discussion of lines of cvidtacc). 

3.5.1. Sclccting Measurcv 
Assessment cndpoints md conceptual modcls help risk ~ ~ ~ C S S O I S  identify rncuunblc 

am'butcs to quantify and prcdict change. Howcver, dctcmining what mc3sures IO use to 
cvdute risk hypothcscs is both challenging and critical to thc success of a risk asscssmcnt 
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Thcrc are three categories of measures, 

Mcsurcs of effeect are measmblc changes in 
an attribute of m assessment endpoint or its 
surrogntc in rcsponsc to a stressor to which it 
is c,uposcd (formerly mewemcnt  endpoints; 

rncsurcs of stressor existence and movement 
in thc environment and their conuct or co- 
occuxrcnce with &e sscssmcnt endpoint 
Mcsures of ecosystem and reccptor 
chanct&,stics YC rnmsurcs of ecosystem 
ch~~ctcr is t ics  that influence the behavior and 
location of cntitics sclected ;IS the asscssmcnt 
endpoint, t!!e distribution of CL stressor, and 
life-hisory chancteristics of the assessment 
endpoint or its surrogate that may affect 
esposuc or rcsponsc to the stressor, 

scc t t s  box 3-1 5). MC~SUCS of CX~OSLUC uc 

Tcxt Box 3-15. Why Was Mcasurcmcnt 
Endpoint Cbangcd? 

Thc original dciinition ofmeasrrrcmenr 
endpoint w ''a m c s m b l e  chmctcn'stic 
that is rclatcd to the valued chmctcrisic 
chosen as the assessment cndpoint" (Sutcr, 
1989; US. EPA 19923). The d e f ~ t i o n  
refers spccificdly to the rcqmasc ofan 
assessment endpoint to a stressor. It docs not 
include m c w m  of ccosystcm 
chctcI?'stics, lifc-history considentions, 
cxposurc, or other mt;csucs, Bccausc 
memurement endpoint docs not encompass 
these other important mcmrcs and there was 
confiLcion about its meaning, the term was 
replaced with measures of effect and 
supplemented by hvo otlicr atcgories of 

' 

mea.sures. 

EuydpIes of the thrcc vpes ofmessurcs arc provided in r e s  box 3-16 (scc also Appcndiu A.2.1). 
The selection of appropriate mcrrsures is p;rrticulluly complicated whcn a cascade of 

ecological effects is likely to occur from a ncssor. In thcsc cacs, the cffcct on one entity (i t . ,  
the mc3surc of effect) may become P sncssor for otha  ecological cntities (i.e., become n m e s u e  
of exposure) md m3y nsult in impacts on one or norc sscssmcnt endpoints, For example, Xa 
pcsticidc rcduccs earthworm populations, chcvlgc in carzhwonn population dcnsity could be thc 

direct mcsurc of effcct of toxicity and h some cscs my bc 3n wcssmcnt endpoint, Howcvcr, 
the reduction o f  worm populntions may then become a stcondzT m s s m  to which wonn-cating 
birds become cxposcd, m a s u e d  IIS lowmd food supply. This c;uposurc may then result in a 
sccondary rntasmblc efTcct of starvation of young, In t!!s c s c ,  dthough "bird flcdghg 
succes" may be an rrsscssment endpoint that could be measured directly, mc=IsuTcs of c;lrthworm 

density, pesticide residue in earthworms and other food sowccs, availability ofattcrnativc foods, 
nest site quality, and competition for nests from other bird species may dl be useful 
measurements. 

When direct measurement of xscssrncnt endpoint responses is not possible, thc sclection 
of surrogate mcw.rcs is ncccssq. "lit sclection of whak where, a d  how to measure surrogate 
responses dctcrmincs whether the risk asscssmcnt is still relcvant to mmnagtmcnt dccisions about 

;u1 assessment adpoint. As ai? examplc, an wmsrncnt may bc conducted to evdutt thc 
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potential risk of a pesticide used on seeds to 

an endangcrcd spccies of seedeting bird, 
The ~ r ~ s m r t l t  endpoint cnriv is the 
endangered species. E m p l c  attributes 
include fccding behavior, survival, growth, 
and reproduction. While it may be possiblc to 
directly callccr rncmrcs of c.xposurc and 
assessment endpoint liic-history 
Chancter'isTics on the cndangercd species, it 
would not be oppropriatc to c.uposc thc 
cnchgercd spccics :o the pesticide to 

mcasLSuTt sensitivity. In this c w ,  :o cvdwtc 

susccptibility, the m o a  appropriate surrogate 

rnc;uures would bc on sccd-cxhg birds with 

phylogeny, While inscctivorou birds m y  
SCNC as m adcqwc surrogate mcELsure for 
dctcrmining tbc sensitivity of the t n b g c r c d  
bird to thc pesticide, they do not address 

. 

s ~ ~ I u  lifc-history chanct~ri~~iics and 

issues of c*uposwc. 
Problem formulations based on 

assessment endpoints and selected m c m c s  
that address both scnsitivity and likely 
exposure to stiessor~ will be relcvrrnt to 
mmgcmcnt conccI71s. Esscssmcnt 
endpoints arc not susceptible, thcir usc in 
ilsscssing risk c312 lead to poor mmagcment 
decisions (see section 3 . 1 ) .  To lighliglit the 
relationships among goals, assessmcnt 
endpoints, and measures, text  box 3-17 
iIlustmtes how thesc arc rclntcd in water 
quality criteria, In this e m p l c ,  it is 
instructive to note that although water qudity 
criteria arc considcrcd risk=based, they arc not 
full risk assessments. Water quality criteria 

Tcxt Box 3-16. Examplcu of a 
Msnagcmcnt Goal, Asscssmcnt Endpain t 
and Mcuurcu 

God: Viable, self-sustaining coho salmon 
population that supports ;I subsistence and 
sport tishwy, 

Auscssmcnt Endpoint: Coho salmon 
breeding SUCCCSS, survival, and adult 
rcm X t C S .  

Mcxmrcs of Effcct~ 

Egg and fiy rcsponsc to low dissolvcd 
0T6m 
Adult behavior in response to obsnclcs 
Spawning behavior and egg survival with 
changes in scdimcntation 

Mcwurcs of Ecouystcm and Rcccptor 
Zhanctcriuticu 

1 Water tcmpcnturc, wtcr vclocity, and 

* Abundance and distribution of suitable 
physical obmctions 

breeding submtc 
Abundance and diseibution of suitable 

Feeding, resting, and brccding behavior 
Nntual reproduction, powth, and 

food soufccs for fry 

mortality mcs 

Mcuurcs of Expovurc 

Number of hydroclcctric dams md 
ssociatcd cuc of fish pxjsagc . Toxic chemical conccntntiom in watcr, 
scdimenc and fish tissuc. 

9 Nutrient and dissolscd o,uygcn lcvcls in 
ynbicnt waters 
Riparian covcr, scdimcnt loading, and 
water tcmpemturc 
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provide an cflccts benchmark for decision 
making and do not incorpontc measures of 
c,uposurc in the m~anmmt Within that 
benchmark thcrc arc a number ofamnptions 
about significance (c,g., aquatic communities 
will be protected by achieving a benchmark 
dcrivcd fiom individd spccics' tozdcologicd 
responses to 3 singlc chcmicd) and cxposur~ 

Such assumptions cmbcddcd in decision rules 
ilpc important to Ydculcltc (see scction 3.5,2), 

The analysis plan provides a synopsis 
of m c m c s  that will bc uscd to cvalutc risk 
hypotheses. Ihe plan is stronfica when it 

(e.&, 1 -hour M d  .^rday o c p o ~ ~ e  WtngCS). 

conrains explicit statcrncnts-For how mcsurcs 
wcrc sclccted. what they are intcnded to 

cvdwtc, and which ylalyscs hey support. 
Uncmaintics clssodatcd with sclcctcd 
masurcs uc! ancLiyscs and plans for 
addressing them should be included in the plan 
when possible. 

3.52. Ensuring That Flnnncd An:llyscs 
Meet Risk Mnnqcrs' Nccdv 

The analysis plan is a risk manager- 
risk assessor checkpoint Risk assessors and 
risk managers rcvicw the plan to ensure that 
the analyses will provide information the 

nanagcr can use for decision making, Tbcsc 
discussions may also identify what E=L? and 
m o t  be done on the basis of ;I preliminary 
evaluation of problem formulation, A 

reiteration of the planning discussion helps 
ensue that thc appropriate balmcc of 
rcquinments for the decision, data availability, 
and rcsourcc constmints is cmblishcd for thc 

~ 

Text Box 3-17. How Do Water Quality 
Critcria Rclntc to Assasmcnr Endpohntu? 

Water qunlity criten'n (US, EPk 19S6n) hnvc bccn 
dcvclopcd for the protcction of aqutic life from 
chemical strrjsors. This tcxt box shows how the 
elernentr of n wnter qualiry criterion correspond to 
munngement goals, managcmcnt decisions, 
assessment endpoints, md mcuurcs. 

Rqulntory Coal 

CIcw Water Act, 6 IO I : Protcct the chcmic.al, 
physical, and biological intern@ of thc Nation's 
w2tcm 

Propmm Mfanagernent Dccklons 

Protect 99% of individullls in 95% of thc spccics in 
aquatic communities from acute md chronic effccrs 
resulting from exposurc to P chcmiml mssor 

kwessrncnt Endpointv 

i Swiva l  of  fish, aquatic invertebntc, and algal 
spccics under acutc ~xposurc 

Survival, growth, and reproduction of fish, nqutic 
invcrtcbntc, and algal species under chronic 
ws= 

lIeavurcJ of Eflcct 

Labontory L C d  for at Imr eight spccia meeting 
ccmin rcquircmats 

Cbmnic n o ~ b s ~ c d = u d v m ~ f f ~  levels 
(NQAELs) for at Icit thrcc species meeting certain 
requirements 

IeavurM of Ecovstcm and Receptor 
hamtcrlstia 

Water hnrdncss (for some mmls) 

IC water quality cntcrion is D benchmark lcvcl 
rived from J distributional analysis of singlc- 
ccics toxicity d m  IC is mumcd that thc species 
itcd ndcquatcly rcprescnt the composition and 
nsitivitin ofspecies in a noturn1 community. 



risk ilsscssment. This is also M appropriatc timc to conduct a tcchnical rcvicw of the p l m i n g  
outcome. 

Analysis plms include the malpical mct!ods planncd and the nature of the dsk 
chmctcrkation options and considerations to be gcnentcd (c.g., quotients, n m t i v c  discussion, 
stressor-nsponsc curve with probabilities). A description of how chu mdyscs will dishpish 
among risk hypotheses, the kinds of analyses to bc ued, and ntionalc for why different 
hypoheses wcrc sclccted and climinntcd arc included. Potentid extnpolations, modcl 
chanctcrisrics, types of data (including 
quality), and plmed d y s c s  (with specific 
tcsts for diffncnt types of dnn) arc described T c ~ t  Box 3-18. Thc DDpta,Ouolity 

F h d y ,  the plan hcludcs 9 discussion of how 

results will be prcscnted upon completion and 
the basis used for dm selection. 

halysis plvlning is similar to the data 
quality objectives @QO) process (SCC text 

box 2- 1 SI, which emphasizes identifying the prc 
by cmblishing study boundmks and 

and applicability to the problem king 
cvduated (US. EPA, 1994~). The most 
important dXfcreoce bctwccn problem 
formulation and thc DQO proccss is ;he 

presence of a decision rule in o DQO that 

defies  a benchmark for a management 
decision bcforc the risk wcssrncnt is 
completed. The decision rule step specifics 

popdation, spcciiics the action lcvcl for thc 

study, and combines outputs from thc 
prcvious DQO steps into M "if, , tlicn" 
dccision nrlc that defines conditions under 
which thc decision maker will choose 
alternotivc options (often used in tiered 
assessments; see also section 22.2). This 
approach provides thc basis for establishing 
null and altcmntive hypoth~scs appropriate for 

dctcmmng 1 .  necessary dam quality, quantity, 

the mtistical pwmctw that chmctcrizes thc 

- 
1 0bjcctivc.u Proccss 
' The dat3 quality o bjcctivcs (DQO) process 
combines clcments of both planning and 
problem fornulation in irs scvcn-stcp formnr, 

Stcp 1. 
L&.kti.ng information to concisely describe the 
problem to be studied. 

Stntc thc problem. Rcvicw 

Stcp 2. 
what questions the study will ay to resolve 

Identify thc dcckion. Dctcrminc 

mld what naions m y  result. 

Stcp  3. 
Idcndfy infomation and mtasurcs necdcd to 
resolve the decision mrcmmt. 

Idenfly inputs to thc dccision. 

Stcp 4. 
t ime md spatid parameters and whcrc and 
whcn dam should be colJcacd 

Dcfmc study boundnricu. Specify 

Stcp 5. 
Satistical p m e t c r ,  action Icvel, and logical 
basis for choosiag dtcmtives. 

Dcvclop dccision rulc, Dcfiie 

Step 6. Spccify tolcnblc limits on 
dccivion crrom. Dchc  limia bscd  on the 
conscqutncts of an incomc: dccision. 

Stcp 7. 
rltcmtivc data collection dcsims and choose 

Optimizc thc de ign.  Gencntc 

nost rtsourcc-cffcctive designkar mccts all 
3QOs. 
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mtistid testing for signifjwncc that can be tffcctivc in this applicatiorL While *his approach is 
sornctimes appropriate, only certain kinds of risk 3sscssmcnts arc bxcd on bcnchmuk decisions. 
Presentation of strcssor-rcspanse c w c s  With uncertainty bounds will be more approprintc than 
statistical testing of decision criteria ivherc risk manqcrs mus; cvaluatc thc mge of stressor 
effects to which they compare ;L mnge ofpossibilc mimgcmcnt options (sce Suter, 19961. 

what has k e n  done during problem formulation, shows how thc plan relntcs to rnanngcmcnt 
decisions that must be m d c ,  and indicates how data and analyscs will be used to cstimntc risks. 
Men the problem is clcxly defined and tbcrc arc enough data to procccd, analysis begins. 

Thc mallysis plan is thc find synthesis before the risk ssscssmcnt proceeds. It s u d c s  
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Analysis is o process that examines thc cwo primary components of risk, exposure and 
effects, and their rclationships bcmccn each other and ccosysrem chmcteristics. TIC objcctivc is 
to providc the inpcdicnts ncccss;IIy for dctcrmining or predicting ecological responscs to 
suessors under e.uposurc conditions of intercsr; 

Analysis cornem problcm formulation with risk chwxterintion. The ;ISscssment 
endpoints and conceptual models developed during problcm formulation provide the focus and 
strucnuc for the analyses. Plnalysis p h c  products arc summary profilcs thnr dcscribe clcposure 
and &c rehtionship between the strcssor(s) and rcsponsc. These protilcs provide the basis for 
cstimahg and describing risks h risk chanc~crimtion, 

At thc beginning of the analysis phsc ,  
thc information nccds idcntificd during 
problem formulation should h v c  already becn 
addressed (text box 4-1). During the andtlysis 
phase (figure 4-1). the risk uscssor: 

e 

Selects the &n that will be 
used on the basis of their utility 
for evaluating the risk 
hypothcscs (section 41) 

M y z c s  mposurc by 
ex-g the souccs of 
stressors. the M b u r i o n  of 
S U ~ S S O ~ S  in the cnvironmcnt, 
mad the cmat of CO- 

o c c u c n c c  or contact (section 
4.2) 

Test Box 4-1. Data Collcction and rhc 
Analysis Pbavc 

Data nccck are identified during problcrn 
formulation (thc analysis plan step). and dm 
arc collected before the .m of thc analysis 
phuc. These data may bc collccted for the 
specific purposc of a particular risk 
assessment, or they may be available from 
prcvious mdics. E additional data nccds are 
idcntificd as the assessment procceds, the 
analysis phase my bc tcmponrily halted 
while dm arc collected or the assessor (in 
consultation with the risk wager)  may 
:hoose to itcntc the problem formulation 
igain. Data collcction rncthods arc not 
icscribed in that Guidclincs, I-lowevcr, thc 
mlu t ion  of clm for the purposcs of risk 
sessrnent is discussed in section 3.2, 

Analps  cffccu by ~ u m i n i n g  stressor-rcsponsc relationships, the cvidcncc for 
c u a l h y ,  and the relationship bchvccn rnc~urcs of cffcct and assessment 

endpoints (section 4.2) 
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Figure 4-1. Analysis phwc. 

-c 

SummariZcs the conclusions about exposucc (section 4-22) and cffucts (section 
4.32). 

The analysis phase is ff cxiblc, with substmtid interaction between thc cffccts and cqosurc 
Chanc th t ions  ;1s illustrated by the dotted lime in figure 4-1. Zn particular, whcn secondary 
stressors and cffccts arc of concern, cxposurc and cffccts analyses arc conductcd itcntivcly for 
cliffercnt ecological entities, and they can bccomc intertwined mc! c'Lif3Ecult to difFcreatimc. In thc 
bottomland hardwoods mcssmcnt, for c m p l c  (Appdiu D), potential changes in thc plant and 
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&al communities under diffcrcnt flooding sccnnrios wcrc Cxafiincd. Risk mcssors combined 
the strtssor-msnsc and exposure ualyscs within the FORFLO modcl for primary effects on the 
plant community and within thc Habitat Suitability Lndcx for secondary cffccts on dic animal 
community. In addition, the &.tinction bmvccn analysis and risk &tion can become b fwcd  
The model results devclopcd for the boxtomland hardwoods asessmcnt wcrc uscd directly in risk 
characterization. 

Thc mrurc of thc mcssor influences the typcs of ylalyscs conducted. Thc results may 
m g c  from highly quantitative to q u h t i v e ,  dcpendhg on thc stressor and t!!e scope of &e 

assessment. For chcmicd stressors, exposure estimates cmpluizc contact and upe3kc into chc 
orgYlism, and effects: csCim;ltions often entail cmpolntioa from test organisms to t!!~. orgnnism 
of interest. For physical stressors, the initial disturbance m y  a u c  p h q  effects on t l ~ c  

3sscssment endpoint (c.g., loss of wetland acrcagc), In m y  CWS, howcvcr, SCCORW effects 
(egg., decline ofwildlife populations that depend on wdands) may bc tbc principal conccrn. 71e 
point of vicw dcpnds on the asscssmcnt endpoints. Bcc~usc adverse cffccts c m  occur cvcn if 
receptors do not physically contact d i w b e d  habitat, cxposwzl ylalyscs may cmphzizc co- 
occurrence with physical SDCSSOR nthcr than contact. For biological stressors, cxposurc analysis 
is ;u1 evaluation of entry, dispersal, survival, and rcgroduction (On et al., 1993). Bcwuc 
biological stressors cm reproduce, interact with othc: organisms, mnd cvolvc over time, c.upasue 
and tffects cannot always bc quantified With confidence; thmforc, thcy may be ascsscd 
qditativcly by eliciting cqxr t  opinion (Simkioff and A l a d c r ,  1994). 

4.11. EVALUATING DATA AND MODELS FOR ANACYSIS 
At the bcghnbg of the an;llysis p h c ,  the mcssor critically cx;unines the ht3 ad models 

to cmu.re that &cy em bc uscd to evdutc the conceptual model dcvclopcd in problcm 
formulation (sec sections 4.1,1 and 4.12). Scction 4.1.3 nddrcsses uncertainty evdwtion. 

3.1.1. Strcngths and Limitations of Different Type of Data 
 many types of data can be uscd for risk xscssmcnt, Data may come from labontory or 

ficld studies or may be produced as output &om 3 modcl. Fm'lidty with thc strengths and 
limitations of diiffcrcnt types of data cm help assessors build on strength and avoid pitfdlls. Such 
a stntegy hproves  confidence h thc conclusions of the risk uscssrncnt. 

Both labontory and field studics (including field c,qtrimcnc and obscrvational studies) 
c3n provide useful data for risk assessment. Because conditions a n  bc controlled in labomtory 
studies, rcsponscs may be less variable and smaller diffcrrnccs cnsicr to dctccr. However. thc 
controls may limit the m g c  of responses (c.g., animals cannot seck alternative food sources), so 

so 
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they m y  not reflect rcsponscs in the environment. h addition, luger-scale processes arc difficult 
to rcplicatc in thc Inbontory. 

Field observational studics (surveys) mc;Lsuc biological changes in uncontrolled 
situations, Ecolo~sts  obscmc pmcrns and processes in the field and oftcn use stadstid 
techniques (c.g.. correlation. clustering, fmor culcllysis) to describe lltl association betwccn tl 
disturbance and m ecological cffcct For insmcc, physical attributes of means and thcir 
watcrshcds h v c  bccn associated with c h g c s  in m ~omrr~unitics (RjchardS e t  d., 1997). 
Field s w c y s  arc often reported as status and trcnd studies. Messcr ct d. (1991) correlated a 
biotic index with acid concentrations to describe the cxtcnt and proponion of lakcs likely to bc 
impacted, 

than estimates generated fiom laboratory studics or t.bcorcticaI models, Field data 32c more 
imporrant for assessments of multiple stressors or whcrc site-specific factors significantly 
influence csposurc. B e y  arc also oftcn useful for mlyscs of I q c :  gcopphic  scales and higher 
Icvcls of biological orgmhtion, Field survcy dm arc not always necessuy or fcassible to collect 
for scrccning-lcvel or prospcctivc xscssmcnts, 

Field surveys usu3uy represent cxposurcs and cffccts (including secondary c€f'ccrS) bcrtcr 

FicId surveys should be designed with sufticient mtisxical rigor to d c f k  one or more of 
thc following: 

Exposure in h c  system of interest 

Lack of diffcrcaccs, 
Diffcxnccs in rnewrcs of cffect bctwtm rcfercncc sites and study area 

Becausc conditions are not controflcd in field studics, variability my be hi@ and it my be 
difGcult to detect diffcrcnccs. For this reason, it is important to verify that studies h v e  suEcicnt 
power to dctcct important diffcrcnces, 

Field survey are most useful for linking strcssors with effects when stressor and cffcct 
lcvcls YC mesurcd concurrently. Thc prcscncc of confounding factors can makc it difficult to 
attribute obserucd effects to spccific stlcssors. For this rcason, fie!d studies designed to min imkc 
cffccts of potentially confounding f'kctors arc prcfcrred, and thc cvidcncc for c a d t y  should bc 
carefully evduattd (see scction 4&12), In addition, bccausc treatments may not be randomly 
applied or rcplicntcd. classical mtisticd methods nccd to bc opplicd with caution fl4urlbeh 1984: 
Stewart-Oatcn et d., 19S6; Wicns md Parker, 1995; Ebcrhudt and ??romas, 1991). lntcrmediatc 
between laboratory :md field arc sidies that use environmental media collrcted h m  the ficld to 
cuminc rcsponsc in the Iabontory, Such studics may improvc &IC power to detca diffcrcnccs 
and may bc dcsipcd to provide evidence of causality. 
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Most data will be reported as rncasurcments for single variables such as a chcmicd 
concenmtion or the number of dead orglmisms, In some wcs, however, vari&lcs arc combbrd 
and reported as indicts. S c v d  indices arc used to evaluate cffccts, for cmple ,  the npid 
bioilssessmcnt protocols W.S. EPA, 19S9a) and the Index of Biotic Integrity, or IBI (Km, 19Sl; 
Km et d., 1986). Thcsc have scvcnl advmtagcs (Barbour et d,, 199s)' including the ability to: 

Provide an overall indication of biological condition by incorpont& many 
attributes of system strucrurc and function, fiom hdividud to ccosystcm levels 

9 Evaluate responses from a broad range of mtbropogedc stresscrs 

Minimize thc l hh t ions  of individual mctrics for dctccthg spccijic types of 
rcsponses. 

Ladices also have scvcral dnwbncks, many of which xc xsocixcd with combiahg 
hctcrogcncous vxiablcs. Thc h i d  value may dcpcnd strongly on thc function uscd to combine 
vtxLiablcs, Some indices (c.g,* the IBI) combine only meuurts of effects. DEmtia l  smitiviy 
or other factors may &c it difficult to attribute causality when many tcsponsc variables arc 
combined. To hvcstigatc causality; such indica may nccd to bc scpantcd into tbcir componcnrs, 
or analyzed using multivwiatc methods (Suter, 1992b; OR, 1975). Intcrprctation bccomcs even 
more difficult when an indcx combincs measures of exposure and effccts bemusc double counting 
my occur or changes in one variable can m k  cbanges in another. Mcasurcs of exposure and 
effects may nccd to be scparatcd in ordcr to make appropriate conclusions, For thesc reasons, 
professional judgment plays a critical role in dcvcloping and applying indica. 

Expcric~cc fiom similar situations is particularly useful in assessments of stressors not vet 
released (i.c., prospcctivc assessments), Lcssons learned fiom past cxpcriencts With related 
orgmisms arc often critical in trying to predict whahcr an organism will swcivc, reproduce, and 
dispersc in P new environment. Another e m p l c  is toxicity evaluation for new chcmicds throuoh v 

h e  usc of structure-activity relationships, or S A R s  (Aucr cc d,, 1994; Clcrnmts and Nabholz, 
1994). The simplest application of SARS is to identify 5 suitable analog for which data ;vt 

available to cstimatc the toxicity of o compound for which d m  arc lucking, Mort advanced 
oppficaions use: quantitative strumc-a.ctivity relationships (QSARS).  which mathcmciticallv 
model thc relationships betwem chemical structures and specific biological cffccts and are dcnvcd 
using information on sets of rclatcd chcmicds (Lipnick, 199s: Cronin and Dcdcn.  1999. Thc 
use of d o g o u s  data wirhout knowledge of tbc undcrlyizlg proccsscs may substantially hcrcrrsc 
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the unccmhty in the risk asscssmcnt (c.g., Bndbury, 1994): however. usc of thcsc data may be 
thc only option available. 

Even though models may be dcvcloped and used LIS pm of the risk assessment sometimes 
thc risk assessor relies on output of a previously dcvcloped model, Modcls a p~rticularly useful 
when mexurcmcntf m o t  be taken, for cxmplt, when predicting the cffcm ofa chcmid  yet to 

be manufactured. They C E L ~  also provide estimates for times or locations that arc impractical to 
m c m  and c;1p provide 3 basis for cmpoladng beyond the E U ~ C  ofobsmation. Because 
models simplify reality, they m y  omit i m p o m t  proctsses for a particular system and my not 
rcfl ect every condition h the red world. Ln addition, D model's output is only as good ELS the 

qudity of its bput variables, so critical evdwtion of hput data is h p o m g  as is comparing 
model outputs with me;lsurcmcnts in the systcrn of i n t m t  whenever possiblc. 

Data md models for nsk assessment arc often developed in a tiered fashion (also scc 

section 2.2). For example, simple models that err on thc side of conservatism may be uscd W 
followcd by morc elaborate models that provide morc realistic cstinates. Effects data may also be 
collectcd using ;1 ticrcd approach, Short-term tcstS designed to evaluate effccts such ;IS Icthality 
and immobility m y  be conducted first. If the c h c n i d  cvhibits high toxicity or ;L prclirninq 
characterization indicates a risk, then morc expensive, longcr-term tests that m m e  sublethal 
effccts such as chmgcs to growth and reproduction can bc conducted Later ticrs may cmploy 
multispecies tests or field cqcrimena. Ticrcd data should be evduatcd in light of thc decision 
&cy are intended to support; data collected for early t ics  may not support more sophisticated 
nccds, 

412. Evaluatiag Meuurcmcnt or Modcling Studicu 
The assessor's ht task in the analysis phase is to c~d i t l l y  cvalutc sudics to d c t d e  

whether they can support the objcctivcs of the risk assessment. Each study should hcludc ;1 
description of the purposc, mehods used to collect data., and results of the work. The assessor 
evaluates the udlity of studies by CycMly comparing study objectives with those ofthc risk 
wcssrncnt for consistency. In addition, the assessor should dctcmine whether the intcnded 
objcdvzs were rnct and whether the data are of sufficient quality to supgort the risk asscssment, 
This is a good opportunity to note the confidence in the information and tlic implications of 

- 
/ 

different studies for USE in the risk h c t c h t i o n .  whcn overdl confidcnct in thc assessment 
is discussed. Finally, the risk assessor should identify arcxi wherc cxishg htn do not meet risk 
assessment needs, In thcsc cam, collcccing additional data is rccommcnded. 
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EPA is in the process of adopting thc 

American Sociccy for Qualitz, Control's E4 
yidelincs for 3SsUring environmental data 

quality throughout the Agency (ASQC, 1994) 
(tcxt box 4-2). Thesc guidelines describe 
procedures for collecting new dam and 
provide ;1 valwblc rcsourcc for evaluating 
c&g smdcs, Readers may also r c fc  to 
Smith and Shugart, 1994; U.S, EPA, 2994~; 
and U.S. EPA, 1990, for morc information on 
evaluating dm and models, 

whether it can be cvdwtcd for its utiIity in 
risk ascssrntnt. Studics should contain 
su€Ecicnt infomation so that results can bc 
reproduced, or at least so the details of the 

A srctdy's documentation determines 

. ' .  . .  
b ". . .  . 

Twt Box 4-2. The American National 
Standard for Quality rlsvurancc 

The Specifications and Guidelines for Quality 
Systems for Enviroamend Data ColIcction 
and hvironmmtd Technology Progmm 
(ASQC, 1994) recognize s c v d  xes h t  
art hpomt to ensuring that cnviromcntal 
data will m e t  study objectives, incIuding: 

Plvlning and scoping 

9 Designing data collcctian opcntions 

0 Implmmting and monitoring planned 
operations 

.4ssessing and verifying &1;~ usability. 

author's work can be occcsscd and cvalwtcd, I d d y ,  onc should be able to acccss &dings in 
thek entirety; this provides the opportunity to conduct additional mdysts of thc data, if'icedcd. 
For modcls, a number of factors incresc the accessibility of methods and results. Tbesc begh 
with model code and dockentation availability. Rcports describing model results should include 
atl important equations, ables of dl p w e t c r  vducs, any p m c t e r  estimation techniques, and 
tables or gaphs of results. 

Study descriptions m y  not provide dl 
the information accded to evaluate thck utility 
for risk ilsscssmenL Asscssors should 
cowunicatu with the principal investigator or 
other study participants to gain information on 
study p l m  and their implementation. Uscful 
qucstions for evaluating srudics x c  shown in 
te.ur box 4-3. 

4.1.2.2. Evaluathg die Purpose cmd Scope 
Of rhr Srudy 

Asscssors should pay pYticular 
mention to thc objcctivcs and scope of 
studies that wcre dcsipcd for purposes other 

Tat  Box 4-3. Qucstions for Evaluating a 
Study's UtiliQ' for Risk hscvsmcnt 

Arc the study objectives relevant to the 
risk assessment? 

- Art the variables and conditions thc study 
represents compmblc with those 
important to the risk nsscssmcnt? 

. Is the study design 3dcqU;Ltc to meet its 
o bj cctivcs? 

Was thc study conducted properly? 

WOW arc variability and uncertainty treated 
and reported? 
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% \  3 $ than the risk asscssmmt at hand. This can idcnrify imporrant u n c d t i c s  and c w c  that thc 
information is uscd appropriately. iin c m p l c  is the cvdution of studies that measure condition 
(q., stream s w c y s ,  population survcys): While the m c m m c n t s  uscd to cvzllutc condition 

argument they m w  bc linked with sb~ssors, In the best case, this m e m  that the messor was 
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f ,  

7 

, - 
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t ,  

may bc the m e  as the ~C;ISUTCS of cffects idcntified in problem formulation, to support a causal 

m e w e d  at the w c  h e  and plncc CIS the effect . I  

Similarly. a model may have bccn developed for purposes other than risk ssscssrnmc Its 
description should include the intended application, theorcticd h c w o r k  underlying 
assumptions, and limiting conditions. This information can help ucssors iden@ important 
limitations in its application for risk assessment. For cxanplc, 3 model devclopcd to evaluate 

cbcmical ansport  in the wtcr  column alonc is of limited utility for n risk nsscssment of a 
, chemical that putitions readiIy into sediments. 

The variables and conditions cmmined by studies should also be compared with those 

identified during problem formulation. Li addition. the m g c  of vnritlbility cxplorcd in thc study 
should be comparcd with that of the risk assessment. A study tlut exunines animal habitat needs 
in the winter, for c m p l c ,  may miss h p o m t  breeding-scuon requirements. Studics that 

minimize the amount of c.mpolation ncedcd YE prcfcned. Thcsc are studics that rcprcsent: 

The mcaurcs idcntiGcd in the analysis plan (Le., mc3surcs of exposure, effects, I .  

! 
and ecosystem and rcccptot chmcteristics) 

The time b e  of intcrcst 

The ccosystcm and location of intcrcs: 

Thc environmental conditions of intcrcst 

The e,uposure route of interest. 

41,LL Evaluating t/w Design and Impkmenrution of the Study 
The assessor evaluates study design and implcmcntition to determine whcthcr thc study 

objcctivcs w=re met and the information is of sufficient quality to support t!!c risk asscssrnent, 
The mdy design provides insight into thc sources and magnitude of uncertllinty associated with 

the results (sce section 4.1.3 for W i e r  discussion ofunccrtainty). Among the most i rnpomt  
design issues of an effects study is whether it has enough stat ist id power to dercct i m p o m t  
differences or changes. Becausc this information is rmly  reported (Pctcrman, 1990), the assessor 
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m y  nccd to czIculatc the m a p h d c  of lltl cffcct that could be detected undcr thc ,mdy conditions 
(Rotmbcny and Wicns, 1985). 

Part of the cxcrcisc cxunbcs whethcr thc study was conducted prop&: 

For labontory studics, this may mean dctcrmining whcthcr t a t  conditions wcrc 
properly controlled and control rcspanscs weft within ncccptablc bounds. 

For field studies, issues include idcntihtion and control of potentially 
confounding v;rriablcs and careful nfennce site selection. (A discussion of 
rdcrcncc site sclcction is beyond the scope of these Guidclincs; howcvcr, it has 
bem idcntificd ;IS 2 candichtc topic for future dcvciopmcnt) 

For models, issues include the prognm's structure md logic m d  thc correct 
specification of algorithms in the model code (US. EPA, 1994~). 

Evaluation is easier if stankd mcthods or quality xssurulcdqualiry control (QNQC) 
protocols arc available and followed by the study. However, h e  asscssor should still consider 
whcthcr the identified precision and accuracy gods wcrc achieved and whether &cy arc 
appropriate for the risk ;ISSCSS~CI~L For k.lstancc, detection limits idcntiEicd for onc cnvimnmcntal 
rnatrk my not be achicvclblc for anothm, and thus it may not bc possible to dctcct conccnntntions 
of interex Study results a n  still be uscful cvcn I f a  standard method was not used, Howcvcr, 
this places an additioarrl burden on both the nuk~ors and rhc ~SSCSSOTS to provide curd cvdurc 
evidence thrrt the J?udy was conducted properly. 

4.13. Evnlunring Unccminty 
Uncertainty evaluation is a thcmc throughout the analysis phase. Thc objcctivc is to 

describe and, where possible, quantify what is known and not known about mposurt and cfkcts 
h the system of htcrcst. Uncertainty d y s c s  incrcse the crrdibiIiry of mmsmcnts by explicitly 
describing thc magnitude and direction of unccmhtics, and they provide the bask for cfficicnt 
data collection or applicztion of refined methods. Unccmintics characterized during the analysis 
phase YC used during risk chmc!crimion, whcn risks an: cstimorcd (section 5.1) and the 
confdcncc in different Lines of cvidcncc is dcscri bcd (scc section 5.2.1). 

This scction discusses sources of unccrtahty rclcvant to the d y s i s  of ecdogicd 
cvposure and effccts; source aad c .mple  m t c g i c s  ivc shown in text box U, Section 3A.3 
discusses uncertainty in conceptual model devclopmcnt. Rc3dm YC also rcfetrcd to the 
discussion of uncerahtics in the cxposure xscssmcnt guidclincs (US. EPA, 1992b). 
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Sourccs of unc&ry that arc encountered when evdu;lting information includc unclcrrt 
communication of the data or its manipulation and mors in thc information itsclf(dcscnptivc 
mors). Tbcsc arc d l y  chmcttrizcd by criticdy e.Uamining the sources of information and 
documenting the decisions mndc whcn handling it, The documentation should allow the rcadcr to 
make an independent judgment about the validity of the assessor's decisions, 

Sources of uncertahp that primarily arise whcn cstim;lting the value of  ;L panmetcr 
include variability, uncCrtainty about a quantity's me vaiuc. and &ti gaps, The term vatiabilie 
is used here to desctibc n chanctcri,.tic's h u e  hetcrogcneiy, Examp1c.s include thc vlrriabiliv in 
soil organic wrbon, scaxm.d differences in mimd diets, or d.iffcrcnccs in chemical scnsidviry in 
diffucnt sptcics. Variability is usually described during mccrtainry andysis, although 
heterogeneity may not reflect a lack of knowledge and cmnot um;LLly be reduced by M e r  
m e m m e n t  Variability can be described by presenting a distribution or specific pcrctntilcs 
from it (e&, mcm and 95th percentile). 

Uncertihry about a quantity's me value may includc u n c d t y  about its rnognitudc, 
location, or time ~foccurrcncc. This uncertainty can usually be rcduccd by taking additional 
measurements. Unccmhty about a quantity's me rnngnitudc is usually dcscribcd by sampling 
error (or variance in experiments) or mcasurcmcnt error. W c n  the quantity of intcrcst is 
biological response, sampling error can greatly influence IL study's ability to dctcct cffccts. 
Propcrly dmipcd studics will specify samplc sizcs l q c  enough to dctcct important signals, 
Unfortunately, many studies have sample sizes that are too small to dacct anythLng but gross 
changes (Smith and Shugm 1994; Peterman, 1990). The discussion should highlight situtions 
where the power to dctcct diffcrcncc is low. Mct;l-mdysk has been suggtstcd as a m y  to 
combine results from different studies to improve thc ability to dctcct effects (Lakd and Mostcller, 
1990; Petitti, 1994). Howevcr, thcsc approaches have thus far been applied prLnarily in human 
epidemiology and ru'e still controvmial (Mann, 1990). 

Iutcrcst in qmt&ing spatid uncertainty has i n a w e d  with thc inmaskg usc of 
geographic information sysrcms (GIs), Strategies includc verifying thc locations of nmotcly 
scnscd fcarures and ensuring that thc spatial resolution of data or 3 method is commensutc With 
the nceds of the assessment. A growhg litcnturc is addrcshg other analytical chdlengcs aften 
associated with using spatial dab (c,g,, collinearity and au:ocorrcIation, b o u r n  and S ~ C  

effects, lack oftruc rcplication) (Johnson and Gage, 1997; F o t h d n g h m  and Rogerson. 1993: 
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Tcxt Box 4-4. Unccrhinty Evaluation in thc halysiu Phase 

saurca of 
unccminry k m p l c  nnnlyrds pbusc strntcdcs Snecinc exnmola 

rfnclear 
communication 

Conoct principal invcltigntor or othcr study 
participylrs if objccrivcs Or methods of litenrum 
studies arc uncluu. populntioru. 

Docunicnt decisions made during the c o m c  ofthc 
usnsmcnt. toxicity study, 

Vcrify thnt dntn SOUKCJ followed nppmprinrc 
QMQC proccdurcu. 

Clarify whFthcr the m d y  WVEU designed to 
chmctcria Id populations or rcgional 

Discus rationale far sclccting tho critical 

Doublc=chcck wlculntions and d u a  entry. Dncn'pu'vc cmrs 

Variability Describe hctemgcnciry using point estimates (c'g., 
ccnaal tendency and hi@ cnd) or by conmcting 
probability or frequency dismbutions. 

Diffcrcntiatc from unccminry due to lack of 
know Icduc. 

Displny diffcrcnccs in spccits sensitivity 
using ;L cumulntivc distribution function. 

Data gaps Collect nccdcd data. Discuss nuonale for using ;I fnctor of 10 
to cxrnpolstc benvccn a lowcst-obscrvcd- 
sdvcnwffm lcvcl (LOAEL) and (I Descnbc appmechcs uscd for bridging saps and 

their ntionnlcs. S O U L ,  

Differcntiac science-buscd judgments h m  policy- 
bucd judgmcnu, 

Uncertainty ubout 
a quantity's true 

Use stnndnrd sta:istlcal mcthods to c o n s m a  
probnbiliry distributions or point estimates (c.g.. 

Present the uppnconfidencc limit on thc 
arithmetic mean soil concenation, in 

arithmetic mcan, 
value confidence h i t s ) ,  nddldon to thc best cstirnatc ofthe 

Evnluatc power of dcsigcd cxpcrimcnts to detect 
diffmnccs. 

Collcct ndditionnl daw, 

Vcrify loation of sampler, or othcr spatial fe.uurcs. 

Discuss kcy  aggregations and model 

Ground=truth m o t e  icnsing data, 

Discus combining diflercnt spccics into a Model smcmn! 

(process models) 
unccnajnty simplifications. group bud On similar fccding habits. 

Comparc modcl predictions with dam collected in 
thc system of intcrcst. 

Evduatc whcthcr altcrnntivc models should be Unccminty about 

(empirical 
models) 

Prcscnt rcsulu obtained using dtcrnativc 
P model's form combincd formnlly or ucaud scpmtcly, models. 

C o m p m  modcl predictions with data collccrcd in 
thc system of inmrcst. 

Comparc mula of a plmt upmkc modcl 
with dutn coflectcd in thc ticld. 
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Wens md Pxker, 1999, Luge-scale asscssments gcncnlly require aggregating infomation at 

smaller scales. It is not known how oggrqarjon affcczs unccminry (Hlulsakcr et de, 1990). 
Nearly cvcry clssessmcnt must treat situations wherc &ta arc unavailable or available only 

for p m c t c r s  othcr than those of intcrcst E>c~nplcs include using tabotatory dam to estimate a 

wild animal's response to a Stressor or us in^ a bioaccumulation mexuremcnt from a diffcrcnt 
ecosysten These data gaps YC usutllly bridged with II combination of scientific analysts, 
sc ienac  judgment, and perhaps policy dccisions, In dcrivins an ambient mtcr qualiry criterion 
(text box 2-1 71, for cxmplc, dm and analyses arc uscd to construct distributions of species 
sensitivity for P particular chemical. Scicntific j u d p c a t  is used to intiir that spccics sclrctcd for 
testing will adequately rcprcsent the m g c  of sensitivity of spccics in the environment, Policy 
defines the extent to which individual species should be protcctcd (t.g., 90% vs. 9S% of the 
spccics). It is important to Cistinguish thcsc clemcnts. 

Data gaps can often bc fillcd by completing additional studies on the unknown p m c t c r .  
When possible. the necessary data should be collected. At rhc least. oppomhics for filling dau 
gaps should bc noted and carried through to risk chmcterimion. Dam or knowlcdgc gaps that 

arc so large that they preclude the analysis of either exposure or ccologicd cffccts should also bc 
noted and discussed in risk chmctcrimion, 

An imponant objective is to dis~inguish variability  om uncertainties h t  arise from lack 
of knowlcdgc (c.g.. uncertainty about CL quantity's true value) (US, EPA 1995b). This 
distinction facilitates thc interpretation and communication of results. For inSt;mcc, in their food 
web modcls of herons and mink MacIntosh et al. (1994) scpmtcd cxpectcd variability in 
individual animals' feeding habits from the uncertainty in the incm conccnmtion of ckcmid in 
prey species. They could then placc m o r  bounds on the cxposurc disuibution for the animals 
using thc site and cstimatc thc propmion of the animal population that might exceed a toxicity 
thrcshold. 

Sources of uncertainty that Yisc primarily during model dcvclopmcnt and application 
include process rnodct s t r u w c  and thc relationships between vakablcs in crnpirical models. 
Process model descriptions should hcludc assumptions, simplifications, and aggregations of 
v3liablcs (see text box 4 5 ) .  Empirical model descriptions should include thc ntionalc for 
selection and model performancc Sttis2ics (e.g., goodness of fit). Uncertainty in process or 
empirical models can bc quantit;ltivcly cvduatcd by compxing model rcsults io measurcmcrnts 
takcn in the systcrn of interest or by comparing the results of diffcrcnt rnodcls. 

Whcn littlc is known, ;I uscful approach is to cstimatc cxposurc a d  effects based on dtcrnntivc 
sets of assumptions (sccnuios). Each scenario is m k d  through to risk chmcterimtion. whcrc 

Mcthods for analyzing and dcscribing uncertainty can m g c  tiom simple to cornplcs. 
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the undnfyiug m p t i o n s  and tbc scenario's 
plausibility arc discussed Results C;LII be 
presented a a series of point estimates with 
different aspects of uncertainty reflected in 
each, Classical mtistical rncthods (c,g., 
coddcncc limits, pcrccntj.lcs) can readily 
describe parameter uncc.minty. For modcls, 
sensitivity analysis can be used IO cvdute  

how model output changcs with chvlgcs in 
input variables, and unccrt3inty propagation 
w11 bc analyzed to c.Uaminc how uncmainty in 
hdividual parameters c3n affect the o v c d  
uncertainty in the rcsults. The availability of 
softw;lrc for Monte Carlo analysis has greatly 
increased the use of probabilistic methods; 
rcaders are eccounged to follow suggested 

Text Box 4-5. Convidcring the Dcgrce of 
Aggrqation in Models 

Wiegcrt and Bartell (1 994) suggest the 
following considerations for evaluating the 
proper degc t  of aggrcgation or 
disaggregation: 

2. Do nor greatly hcrcsc the disaggregation 
of the structural aspects of the model 
without a corresponding incrme in thc 
sophistication of the funaional 
relationships and controls. 

3, Disggrcgntc modcls only insofar s 
required by the gods of the model to 
facilitate testing. 

best practices (c,g., US. EPA, 1996b, 1997b). 
Other methods (e,g., fuzty mthematics, Bayesian methodologies) arc available but havenot yct 
been cxtcnsively applied to ccologicd risk assessment (Smith and S h u g q  1994). Thc Agency 
docs not cadorsc the use of any one method and cautions that the poor execution of any mehod 
can obscure rather than clarify the impact of uncertdnty on m assessment's results, No martcr 
what technique is used, the S O U C ~ S  of unccrtainv discussed nbovc should be addressed. 

' 

42. CEWRACI'EmTION OF ESPOSURE 
E.uposure chcteriz3;tion describes potential or actual contact or co4ccurrencc of 

~ w s o r s  with receptors. It is based on measures of exposurc and ecosystem and rcccptor 
chilncteristics that arc used to analyze ncssor sources, their distribution in the environment, and 
tSe extent a d  pat~rm of contact or c~-occwcncc  (discussed in section 4.2.1). The objucdvc is 
to produce a summary exposure profile (section 4.2.2) that identifies the rcccptor (ix., the 
exposed ecological entity), describes the coursc a stressor takes from the sourcc to the receptor 
(ix., thc exposurc pathwqrj, a d  describes the intensity and spatial and tcmponl cxtcnt of co- 
occurrcncc or conucf Tbc profile also dcscribcs the impact of variability and uncertainty on 
cxposurc cstimatcs and reaches 3 conclusion about thc likclihood that c.xposurc will occur. 

The cxposurc profiIc is combined with an cffccu profile (discussed in section 4.3.2) to 

estimate risks. For thc mposurc profile to be uscfd, it should bc compatible with thc stressor- 

rcsponst relationship gcncmtcd in thc cffccts chanctcriPrioa 
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42.1. Exposurc Gndyscs 

to describe exposure in terms of intensity, space, and time in units that can be combined with thc 
effects assessment. In addition, the ;ISstssor should bc able to tmce thc paths of ~ t r~ssors  fiorn 
the source(s> to the receptors (k, dcscribc the cxposurt pathway), 

A cornplctc picture of how, whcn, and wherc e.xposurc occurs or bas occurred S 
devcloped by cvalulzting sourccs and releases, thc distribution of tbc strcssor in the cnviroimcnt, 
and thc extcnt and pattern of contact or co-occurrcncc. Thc order of these topics bere is not 
necessarily $e order in which thcy arc cxccuted. The ascssor may start with information about 
tissue rcsiducs. for cmnplc, and attempt to link thcsc residues with P source. 

~ 

’ .  

~ 

1 :  
I 
I 

I 

I I 
3.2.1.1. Describe llle Source($) 

is rclcased (c.g., a smokcmck, historically contaminated sc0imcnts) or thc m g c m e n t  pmcticc 
or action (e.6.. dredging) that produces srrcssors. In somc ;~ssessmcnts, the a&b.l SOUTEES may 

no longer exist and the source may bc dcfmcd cu tbc currcnt location of the stressors, For 
csiunple, contaminated scdirricnts might be considered a source because thc industrial plant that 

A sourcc can be defined in two general ways: a the place wbac he s&cssor originates or 

produccd the c o n d a n t s  no longer opcmtcs. A source is the firs: component of thc exposurc 
pathway and si@cmtly influences where and when suessors eventually will bc found. In 
additios many mmgement dtmatives focus on modifying the sourcc, 

c?cpasurcs and mcmpt to link them to sourccs, or start with known strcssors and attempt to 

i d c n q  souccs and quantify conmcz. In ;my cxc, the objective ofthis step is to idcndfy the 
sources, evdwtc what stressors YC generated, and identify other potential sources. Text box 4-6 

Exposure analyses my start with the source when it is known+ begin with known 

provides some uscful questions to ask when describing sources. 

of stressors’ rclcasc. Thc location of a soucc and the cnvironmcntd media that first rcccivc 

chanctcrhtion should also consider wlicthcr other constituents emitted by CL source influcncc 

! 
In addition to idcntifyhg sources, the assessor c x m h c s  the htcnsity, W g ,  aad location 

I secssors arc two atrributcs that dcsewc p~rt iculu anendon. For chemical strcssors, thc source 

transport, masformation, OF bioavailability of thc Strcssor of interest. The prcscnce of I 
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chloride in the feedstock of il cool-fired powcr 
plant influaces whether rncrcuxy is emitted in 
divalent (e.g., M mercuric chloridc) or 
clcrncntd form (Meij, 1991), for cumplc. h 
the best WC, messor gcncntion is mcsurcd 
or modeled quantitatively; however, 
somcbcs  it only be qualitcltivcly 
dcscnid. 

countc rpm or multiple sourccs, so it may be 
ncctssary to c h a c r i z c  these a well. Myly 
chemiwls occur ntltunlly (e.g., most metals), 
arc g c n e d y  widespread from othcr sourccs 
(tag., polycyclic aromatic hydrocarbons in 
urbm ecosystems), or nay have significant 
sources outside the boundaries of the cmcnt 
wcssmcnt (e.g., atmospheric nitcogm 

deposited in Chesapeake By). Many physical 
stressors also have natural counterparts. For 
instance, consmction activities m y  rclcsc 
h e  scdimcnts. into a stream in addition to 
those coming from a mturiiy undercut bank. 
Human acrivities my also c h g t  thc 
magnitude or frequency of mtunl disturbance 
cycles. For c.uamplc, development may 
decreiisc the frequency but increase the 
stvcrity of tire or my incrcasc the frequency 
and severity of flooding in a watcrshcd 

Thc assessment scope idendficd during 
pi&g dctcnnines how multiple sources YC 

M a y  S~TCSSO~S have natural 

Tcxt Box 4-6, Questions for Sourcc 
Description 

Wherc docs the stressor ori@tc? 

~~t environmcntal media k t  receive 
stressors? 

Docs the source generate other 
constitucnts that \\ill influence a stressor's 
eventual distribution in thc cavironmcnt? 

Arc thcrc other sourccs of the same 
stressor? 

thcrc background sourczs? 

Is the SOWCC still active? 

Docs tlic sourcc produce a disxinctive 
sigmturc that wn be sccn in the 
mvironmenr organisms, or cornmyitits? 

Additional qucstionv for introduction of 
biologkal strcssoru: 

Is thcrc aa opportunity for repeated 
introduction or escape into the new 
environment? 

9 Will thc organism k prcsmt on a 
tmsportablc itcn? 

Are rhcn mitigation requirements or 
conditions that would kill or impair thc 
organism bcforc enay, during transport or 
at thc port of entry? 

cvalutcd, Options include (h order of incrcsing complexity): 

0 Focus only on the sourcc undcr cvdwtion and cdculatc thc incrcrncntd risks 
attribunble to hit source (common for uscssmtnts initiated with an identified 
soucc or stressor). 
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Consider d1 sources of o stressor and calculate total risks artributablc to that 
messor. Rclnnvc source amibution can be acccrnplished 3s o scpmtc step 
(common for 3sscssmcnts initiated with an obscrved cEect or M identified 
stressor). 

Consider all stressors influcncing an assessment cndpoint and cdcuiatc cumulative 
risks to that cndpoint (common for assscssmcnts initiated because of concern for an 
ecological value), 

Source characreriation can be particularly important for inmduced biological strcssors, 
since many of the m t e g i c s  for reducing risks focus on preventing entry in the first placc, Qncc 
the sourcc is identified, the likelihood of cnw may bc c h c t e r i z c d  qualitatively. In their risk 
d y s i s  of Chilem log impomtion for cxamplc, the assessment rem concluded that the beetle 
Hylurgus lignipcrdu had il high potcntid for cnty  into the Unjtcd States, Tlieir conclusion was 

based on the beetle's attraction to freshly cut logs and tcndency to burrow under the bark, which 
would providc p:orcction during msport  (USDA, 19924, 

4.2.1.2. Describe the Distribution of tlrc Stressors or Disrurbtd Environment 
The second objcctivc of cxposurc d y s i s  is to describe the spatial and temporal 

didbution of s~essors in thc environment. For physicd slressors that directly alter or elimimtc 
portions of the enviranmea~ the assessor describes the temporal aad spatid distribution of the 
disturbed environment. Bccausc cxposurc occurs when rcceptors co-occur with or contact 
sstssors, this chancterization is a prerequisite for estimating cxposurc. Strcssor distribution in 
the environment is e m n h c d  by evdwting pstthw~ys from the source as well as the formation and 
subsequent distribution of secondqy sucssors (see text box 47). 

4.2.12.1. Evaluating Transport Pathways. Stressors can bc nrnsportcd Via many pathways 
(see text box 4s). A careful evdudon  cm help enme that mesuremcnts arc taken in the 

appropriate ncdin and locations itnd th3t rnodcls includc the most important proccsscs, 
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For a chemical strcssor, the evaluation 
d y  begins by detclmining into which 
mcdia it can partition. Key considcntiom 
include physicochcm'cal propcdcs such as 
solubility and vapor pressure. For a m p l e ,  
chemicals with low solubility in water tcnd to 

be found in environmental compartments With 
higher proportions of organic carbon such as 
soils, scdiments. and biota. From there, the 
cvalwtion may cxamine thc trylsport of thc 

contamhtcd mcdium, Because chemical 
mivturc constituents may havc different 

Text Box 4-7. Questions to Ask in 
Evaluating Strcssor Distribution 

mar arc the important trmsport 
pathways? 

- What chanctcrktics of tlic strcssor 
influence transport? 

What chanctcristics ofthc ccosystcm will 
influcncc transport? 

Whcrc will thcy bc transported? 

What sccondxy stressors will be firmed? 

The attributes of physical s~essors 
also influcncc what  thcy will go, The skc of 
suspcndcd p d d e s  determines whcrc thcy 
will eventually deposit in n s m .  for 
example. Physical stressors that climimtc 
ccos~stcms or portions of tbcm (e.&,, fishing 
;~ctivitics or thc consmction of dams) my 
xquh  no modeling of pathways-the fish at 
hwcsted or the valley is flooded. For thcse 
direct disturbances, the challenge is usually to 
evaluate scconday stressors and effects. 

Thc dispctsion of biological strcssots 

has been desc:ibcd in two ways, n?; ditTuion 
and jump-dispsrsal (Simberloff and Alexander. 
1994). Diffusion involves ft pdd sprwd 
from the csz;lblishmcnt site and is primady 3 
function of reproductkc mtcs and motility. 
JumpCispcrsd involvcs erratic s p r c ~ I ~  ovcr 

~- 

Tcxr Box 4-8. Gcncml Mcchanisms of 
Tnnvport and Dispersal 

Physical, chcrnicd, and biological 
s tras 0 I%: 

By air m c n t  
In surface water (rivers, lakes, s~cams)  
Over u d o r  through the soil surface 
Through ground wtcr  

Primarily chcmical stressors: 

Through the food web 

Primarily biologics1 strc:: .\\0Ps: 

Splashing or hndrops 
Human activiry (boats, m p c r s )  
Passive tnnsmiml by other orgylisms 
Biological vectors 
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periods of h e ,  d y  by mcms of a vcctor. The gypsy moth and zcbn musscl hnvc spread this 
way, the gypsy moth viz egg masses on vehicles and the zcbn musscl via boat b d h t  water. 
Some biological sciessor~ can use both mtcgics, which rn3y make dispersal ntes  vcry difficult to 

predict. TIC evaluation should consider factors such as vcctor availability, attributes that cnhmct 
dispersal (c.g., ability to fly, adberc to objccu, disperse reproductive units), md habitat or host 
necds, 

For biological strcssor~, ;ISSCSSO~S should consider the additional factors of survival and 
reproduction, 0rg;aniSms use 3. Wide mugc of stntegies to w i v c  in advase conditions; for 
e,u;unplc, fungi form rcSting mgcs such as sclerotia and chlamydospores and some amphibians 
become dormant during drought. The swivd of some organisms c m  bc mmurcd to some 
extent under labontory conditions, However, it m y  be impossible to det&c how long rcsdng 
stages (c,g., spxcs) an suNive under adverse conditiom: many cu remain viable for years. 
Similarly, reproductive mtes my vary substantidly depending on specific mvkonmcnd 
condizions. Thercforc, while life-hisTory data such as tcmpcnturc and subsmtc preferences, 
important predators, competitors or diseases, habitat nerds, md reproductive ntcs  arc of great 
value, &cy should bc intcrprctcd with caution, and thc uncertainty should be addrcsscd by using 
sevcd  different sccmios. 

Ecosystem chvacterisdcs influence the trmqort  of' dl rypcs of stressors, The challenge is 
to determine the particulv aspects of the ccosystcrn that YC most important. In some CLXS, 

ecosystem ckuactcristics that influcncc disnibutioa lllt known, For c;uamplc, hne sediments tcnd 
to accumulate in aruc11s of low energy in st~eams such as pooh and backwaters. 0th cases need 
more professional judgment. When cvduting tltc likcEhood that an introduced oq&m will 
become established, for ins.tance, it is mefd to know whcthcr tiic ecosystem is g c n d l y  similv to 
or d8crent from the one whcrc the biolo&d sucssor originated. Professional j u d p e n t  is uscd 
to d c t d c  which chctC=risxics of the currcnt and on@ ecosystems should be compartd. 

4.2.1.2.2. Evafuaring Secondaty Sacrssors. Seca;;dYy sucssors wli grcrrtly alter conclusions 
about risk; they may bc of geatcr or lesser concern tbm thc primary stressor. Srcondap sucssor 
cvalwtion is usually part of exposure chmctcht ion;  howvcr, it should bc coordinated with thc 

ecological cflccts c h c t c r k d o n  to ellsure that all potentidy impomt secondixy s~cssors arc 
considered. 

For chemids,  thc evaluation usudty focuses on membolites, biodepht ion products, or 
chcmicds formed through abiotic proccsscs. As m c;uample, microbial tlction incrcascs the 
bionccumdation of mercury by transforming inorganic forms to organic spccics. Many azo dycs 
m not toxic because of their lvgc molecular six,  but in m anaerobic cnvironmca~ b e  polymer 
is hydrolyzcd into morc toxic wtcr-soluble units. Secondary stressors cm also be formed 



I 

I 
I . .. 

through ecosystem processcs. Nuhent inputs h t o  ILD eshlrvy c311 dccrwse dissolved oxygen 
conccntntions because the incrcasc primar)l production rtnd subsequent decomposition. 
Although mnsfomtion an be invcsdgated in thc labontory, rates in the field may dif€cr 
substantially, and some procnscs may be dZEcult or impossible to replicate in 3 laboratory, 
When evaluating field hf'omtion, thou& it may bc difficult to distinguish berwccn 
transformation proccsscs (e.&, oil dcpdation by microorganisms) and tnnsport proccsscs (c.g., 

volatihtion). Although thcy may bc difficult to distinguish, the assessor should be aware that 
thesc two d i f f m t  processes will largely dcte.rl?linc if secondary stressors ivc likely to be formed. 
A combination of thesc factors will also determine how much of the s e c o n d q  strcssor(s) may be 
biowdable to receptors, These considemions reinforce the need to have a chcmical risk 
mcssment t a m  experienced in physicallchemical as well as biological processes. 

conscqucnccs that will affect thc sscssment endpoint can bc a difficult task Thc removd of 
riparian vcgention, for c?cmplc, c3n gcnmtc many sccondvy strcssors. including incrmcd 
numents, sucam temperature, scdimcntation, and dtcrcd meam flow. However, i t  may be thc 
tcmpcrature change that is most rcsponsibk for adult d m o n  mortality in ;L particular stTc3nl. 

a combination of the two. If strcssors have already been rclczicd, dircc: measurement of 
environmental media or a combination of modcling and mcaswcment is prcfmd. Modcls 
cnhslncc the ability to invcstigattc the consequences of different mmgerncnt scenarios and my bc 
~ t c c s s y  if measurements are not possible or pncticable. They arc also us& if o quanthdvc 
relationship of SOUTCCS and stmsors is dcsircd As tuamplcs, land usc activities have been rclatcd 
to downsttcm suspended solids conccnmtions ( O b m ,  1951), and downstream flood p e h  
h v c  been predicted Etom the extent of wetlands in II watershed (Novitski, 1979; Johnston et d., 
1990). Consideratiom for tvaluthg data collection and modeling studies m discussed i . ~  section 
4.1. For chemical strcssors, readers m y  also refer to the c;upomrc mscssmmt guidelines (US. 
EPA, 1992b). For biological stressors, distribution m y  bc difficult to predict quantitcltively, If it 
cannot be measured, it c m  bc evaluated qualitathcly by comideting the potential for m o r t .  
s w i v d ,  and reproduction (see above), 

By the end of this step, the cnvironmcntd disibution of the strcssor or the dismbcd 
environment should be described, This drsctipuon provides the foundation for estimating the 
conuct or eo-occurrencc of the stressor with ecological entities, When contact is known to Ixwc 
occurred, describing the s?rtssor's cnvironmcntal distribution can help identie potential souccs 
and cnsurc that dl impomt exposures arc addrcsscd. 

Physicd disturbances can also gencnte secondary stressors, and idcatifjring the specific 

Strcssor d idbu t ion  in thc cnvkoment can be described using rnemment s ,  models. or 
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42.13. Describe Contact or CeOccurrencc 

Tnc third objective is to describe 'Lhe 
extent and partem of co-ciccurrcnce or contact 
between ~ e s s o r s  and receptors (ix., 
c.uposurc). This is critical-ifthcrc is no 
cxposu~c, thcrc can bc no risk. Thcrcforc, 
~scssors should bc carcfid to include 
sinutions where e.uposurc may OCCLU in the 
funuc, where cxposure b3s occurrcd in thc 

past but is not currently evident (clg,, in some 
nrrospcctivc assessments), and where 
ecosystem components important for food or 
bbitslt arc or may be q o s c d ,  resulting in 
impncts to the valued entity (e.g,, see figure 

strcssor and receptor co-occurrcnce, acntal 
stressor contact with receptors, or stressor 
uptake by ;I rcccptor. The t c m  h which 

D-2). E.XPOSWC CUI be dacribcd in t e r n  of 

~ ~~ ~ ~ ~ - -  

T a t  Box 6.9, Qucstions To Ask in 
Describing Contact or Co-Occurrcncc 

Must the receptor clcrually contact thc 
stressor for ndvcrsc effects to occur? 

Must the strcssor bc taken up into a 
rcccptor for advusc c!Yects to occur? 

What chmctcristics of the rcccptors will 
influcncc the extent of contact or co- 
occurrence? 

Will abicdc chancteristics of the 
cnviromcnt influence thc cscnt of conmt 
or co-occurrcncc? 

Will ecosystem processes or community- 
lcvcl intmctions innuencc the c x m t  of 
contact or co-occurrence? 

c;uposurc is described dcpcnd on how thc stressor muses adverse effects ad how thc stmsor- 
rcsponsc relationship is described. Relevant qucstions for examining conttlct or coacurrcnce arc 

shown in text box 4-9. 
Co-occurrcnct is particularly uscll for cvalwting stressors that can wusc cffccts without 

physically contacting ecological mcptors. Whooping m c s  provide a C;LSC in point: they use 

sandbars in rivers for their rcsting ucas, and thy prcfcr sandbars with unobmctcd views. 
Manmadc obstrumions such CIS bddgcs can intcrfcrc with rcsting behavior without cvcr acrually 
contacting thc birds. Cosccurrcncc is cvdwted by c o m p h g  stressor distributions with b t  of 
the receptor. For hsmcc,  stressor loation maps may be overlaid with maps of ecological 
receptors (c.g., bridge placement overl;lid on maps showing hjstoncal c m c  rcsthg habitat), Co- 
occurrence of3  biologicd stressor and receptor may be used to cvdwtc exposure when. for 
example, introduced species md native species compcte for the m c  resources. GIS has 
provided new tools for evaluating CO-OCCUTTCECC. 

Most stressors mmt contact rcccptors to cause 3n effect, For exmplc, trce roots must 
conuct flood waters Scforc their growth is impaircd. Conuct is o function of thc amount or 
excent of a strcssor in M environmcnul medium and activity or behavior of the rcccptors. For 
biological S ~ C S S O ~ S ,  risk ~ s c s s o r ~  usually rely on professional judgment; contact b oftcn mumcd 
to occur in IL+CCLS md during times where thc stressor and receptor are both present, Contclct 
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variables such ELS the mode of W s s i o n  bctwcca organisms may inftucncc the contact between 
biological strcssors and receptors. 

For chemicals, contact is quantified ;LS 

the mount  of a chcmid hgcsted, hha.Ied, or 
in material applied to the skin (potential dosc), 
Ln its simplcst form, it is quantified as an 
cnvironmcntd conccnation, with rhc 
assumptions that the chemical is well mked or 
that the organism moves mdomly through 
the medium. This approach is commonly uscd 
for respkd media (watcr for aquatic 
organisms, air for tcrrcmid organisms), For 
ingested media (food soil), anotlicr common 
approach combines modeled or measured 
coamnh~mt concentrations with ssumprions 
or paaxneten describing the contact rcltc 
W.S. EPA, 199;b) (SCC tcxt box 4-10). 

Finally, some strcssors must not only 
be contacted but also must be intcrndly 
absorbed. A toxicant that causcs liver tumors 
in fisk for c.xunpie, must be absorbed and 
reach &e target organ to cause the effect, 
Uptake is evaluated by considering the 
mowit of stressor internally absorbed by an 
organism. It is ;I function of the stressor (c.g,, 
a chemical's form or a pathogen's sizc), thc 

mcdium (sorptivc properties or presence of 
solvents), thc biologid membnne (htcgity. 

I 

Text Box 4-10, Eumplc of an Exposurc 
Equation: Ca!culating n Potential Dosc 
via Ingcstion 

FR, - 

m m 

Potential avcngc daily dose (c.g,, 
in mdk6hY)  
Avcagc contaminant 
concentration in the k* typc of 
food (c,g,, in mgkg wet weight) 
Fnctiori of intake of the k* food 
type hat is from the 
contaminated arc3 (unitlcss) 
Normalized ingestion ntc of thc 
k"' food type on a wet-weight 
basis (c.g., in kg foodkg body- 
wcight-chy). 
Number of contuninatcd food 
WS 

Note: A similar equation can bc uscd to 
dculatc uptake by adding an absorption 
factor that accounts for the h c t i o n  of the 
chemical in the k* food typc that is obsorbcd 
into the organism. The choice O f  PQttXltid 
dosc or uptake depcnds on the form of thc 
strcssormsponsc relationship. 
Source: US. EPA, 1993b. 
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pcnneability). and the organism (sickness, 
active uptake) (Sutcr et d.* 1994). Bcc;luse 
of intenctions between thcsc four factors, 
uptake will vary on D simtion-specific basis, 
Uptake is usually assessed by modi*$ m 

estimate of contact with a factor indicnting the 
propomon of the stressor that is available for 
uptake (the bioavdable hction) or a a l y  
absorbed. Absorption factors mc! 
bioavailability m m c d  for thc chemical, * 

ecosystem, md orgYrism of inrcrcst YC 

prefmcd. Internal dosc 
- by using II phrmcokinetic model or bv 

illso bc cvduatcd 

iornarkcrs or residues in rcccptors 
. Most strcssor-response 

relationships aprcss the mount of stressor in 
terms of media conccnmtion or potential 
dose nthcr than intcrnal dosc; this limits thc 

utility Gf Upt3kC csrirnatts in risk 
Howcva, biomxkcrs and tissue rcsiducs can 

provide valuablc confirmatory evidence that t 
', cxposurc has occurred, and tissue residues in 

prey organisms c m  bc uscd for cstkmting 
risks to thcir predators, 

! 

Tcx-t Box 4-11. Mcauuring Intcrnal Dose 
Using Bioxnarkcrs and Thsuc Rcsiducs 

Biomxkm and tissue residues at 
parriculvly useful whcn exposure  cross 
many pathways must be intcgntcd and when 
site-specific factors influcncc bioavdability. 
Tbcy can also be vcry uscfid when 
mcuboIism and accumulation kinetics are 

interpretation of rcsdts morc difficult 
(McCmy and Mackq, 1993). Thesc 
methods arc most useful when thy can be 
quantimtivcly linked to the mount of Stressor 
originally connacd by thc organism. In 
addition, they arc most udul when thc 
soessor=rcsponsc rclationship cxpttsscs the 
amount of stressor in t a m s  of the tissuc 
rcsidue or biomarkcr ( v u  Gcstcl and van 
Bmmlcn,  1996) Standard analytical 
methods DC g c n d l y  av3ilablc for tissue 
rcsiducs, making them morc mdily usable for 
routine usrssmcnts than biomkers. 
Radm M C  refmed to the review in 
Ecotoxicology p o l .  3, Issue 3, 1994). 
Huggctt ct 31. (1992). and the dcbatc in 
H m  Health md Ecological Risk 
Asscssmcnt (Vol, 2, h c  2,1996). 

impowt .  dthough thcsc fiaors can make 

The chmctcristics of the ccosystcm and rcceptors must be considered to reach 
appropriate conclusions about exposure, Abiotic xtributes my inenase or dccrwsc the mount  
of a mcssor conttlctcd by receptors. For cxmplc, naturally anoxic arcas above contamhnted 
scdimcnts in m c s t u y  may rcducc the time bottom-fccding fish spcnd in contact with sediments 
and thereby rcducc their mposurc to cont33nin;ults. Biotic interactions an also influcncc 
e.uposurc. For rxmple, competition for highqulity rcsourccs may forcc some orgmisns into 
disturbed i ~ e ~ ~  Tbe intcmction between cxposu.~ and rcceptor behavior can influcncc both 
initid and subsequent exposurcs. Some chcmjcds rcducc the prcy's ability to cscape predators, 

I 

for instrulcc. and thcrcby m q  incrcasr predator exposure to thc chcmicd as well as the prcy's risk 
ofpredation. Altcmatively, org3nisms may avoid XES. food, or water with contamination &cy 

can detect. !We avoidance C;UI Educt cxposurc to chemicals, it mny incrmc 0th risks by 
altering habitat w g t  or other behavior. 

I 
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Thrce dimensions should be considered when estimating exposure: intcnsity, h e ,  and 
space. Intensity is the most fdliu dimension for chcmical and biological s~cssors md m3y be 
expressed as the mount of chenicd contacted per &cry or the number of p;lthogcnk orgmkras 
per unit YCD. 

The ternpod dimemion of cxposurc has upccts of duration, frequency. and timing. J 
Duration wn be expressed ;1s the time over which cxposure occurs, somc thrcshold intcn:;ity is 
exceeded, or intcnsity is intcgmted. If cxposurc occurs as repeated discrete cvcnts of about thc 
s m c  duration, frequency is thc important ternpod dimcnsion ofcxposurc (c.g., the frcquaicy of 
high-flow events in streams). If the rcpeatcd events havc s i p i f i w t  and vvinble dmtions, both 
duntion and frequency should be considcred. In addition, the tirring of expsurc, including the 
order or scqucncc of events, can be rn important factor. Adirondack Mount;rin hkcs rtccivc high 
conccntntions of hydrogen ions and aluminum during snow meit: this period also corresponds to 

the sensitive life stclges of some aqwtic orgznisms. 

timc. The duration over which intensity is averaged is determined by considering the ccologicd 
effects of concern md  the likely patten of exposure. For cxmplc, an assessment of bird kills 
associated with granular c a r b o h  focuscd on short-term cxposurcs bccausc tlic cffcct of 
conccrn was acute lethality (I-Ioucknccht 1995). Bcc~usc toxicological tests arc u s d l y  
conducted using c o n s a t  cxposu~cs, the most rcdis.tic cornparisom bewccn cxposurc and effcct~ 
arc made when c.uposurc in thc real world does not vary subsmtially. In &tsc casts, thc 
arithmetic avcngc exposure over the time pcriod of ioxicologicd sign8cancc is the appropriate 
s t~ t is t i c  (US. EPA, 1992b). I-Iowcvcr, as conccnmtions or contact mtcs become more episodic 
or variable, the arithmetic ~ V C M ~ C  my nor rcflccr the toxicologidy sipficant llspcct of the 
cxposuc pattern. In r.utrcmc CLLSCS, svcnging may not be appropriate at all, and 3sscssors may 
need to usc EL to?cicodynamic model to uscss chronic effects. 

of uca (c,g,. hcctarcs of paved habint. square meters that cxcced II p ~ c d a t  chcrnical 
thrcshold). At larger spatial scdcs, however, the slupe or Ynngcment of exposure may be m 
i m p o m t  issuc, and area donc may not be thc appropriate descriptor of spatid atcnt for risk 
assessment. A gcncd  solution to the problcm of incorponting pattcm into ccoiogicd 
tlsscssmcnts has yct to be dcvclopcd: howcvcr, landscape c c o l o ~  and GIS h v c  gratly e.upmdcd 
the options for andyzing and prcscnting thc spatid dimension of c.xposun: (c.g.. Pastorok et d,, 
1996). 

Thc results of exposure analysis YC sumrn~zcd in thc ~ p o s u r c  pro& which is 
discussed in the ncxt section. 

In chemical ELssessmcnts, intensity and time are oficn combined by avenging intensity over 

Spatial cxtcnt is anothcr dimension of cxposurc, It is most commonly cxpnscd in t m  

70 



t 

'I 

4.2.2. Exposurc ProWc 
Thc find product of exposure analysis is an c;rposure proFilc. Eq0su-c should bc 

dcscribcd in terms of intcnsity, space, and time in units that can bc combined 4 t h  the effccts 
assessment. Thc assessor should summarize the paths of stcssors itom the sourcc TO the 
rcccptors. complcting thc exposure pathway. Depending on the risk assessmcnt, the profile may 
be a written document or 5 module of cl l q c r  process modcl. La my L?SC, thc objcctivc is to 
ensue that h e  information needed for risk chmctcrimtion has been collcctcd and evaluated. In 
addition, compiling the e,xposure profile provides an opportunity to veri& that the important 
expsurc pathways identified in thc conceptud modcl wcrc evdwtcd. 

The exposure profdc identifies the 
reccptor and describes the cqosurc pathways 
and intensity and spatial and tenponl cxtcnt 
of co-occurrcncc or contact, It also describes 
the impact of variability and uncertainty on 
exposurc estimates and reaches a conclusion 
about the Likelihood that exposure will occur 
(see text  box 4-12), 

The profile should describe the 
applicable c.up0su.r~ pathways. Ue.uposurc 
can occur through many pathways, it may be 
useful to rank them, perhaps by contzibution 
to total exposure. As an illustration, considcr 

assessment of risk to grebes feeding in II 

Tux: Box 4-12, Qucstionv Addressed by 
thc Exposure Protdc 

How does exposure occur? 

What is exposcd? 

How much c.uposung occurs? When and 
whcx does it occur? 

How docs exposure v q ?  

How unccmin are the cxposurc eszimmcs? 

What is thc Likelihood that CXPOWC d l  
occur? 

rncrcurylcontami213tcd lakc. The grebes m3y be e.xposcd to rnehyl m a c u p  in fish that originated 
from historically contaminated sediments. They may also be e,cposcd by drinking lakc water, but 
comparing the RVO e.qosure pathways may show that the fish pathway contributes thc vim 
majority ofexpsurc to mercury. 

The profile should identi@ the ecological entity that the cvposurc cstimcltts rcprescnt. For 
example, thc cxposurc estimates may describe thc lo& population of grebes feeding on a specific 
lakc during the summer months. 

The ilSscssor should explain how each ofthe thrcr gcnenl dimensions of exposure 
(intensity, time, and spacc) was tmtcd. Continuing with the grcbe example, cxposurc might be 
expressed as the daily potcntial dose avenged ovcr the summer months and over tlic extcnt of the 

lakc. 
The profile should also describe how exposure can v u y  depending on receptor attributes 

or stressor lcvtls. For instance, the e.uposurc may be highcr for grebes eating a larger propahon 
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of bigger, more contamitlirtcd fish Vxiobility can be dcscribcd by using a &bution or by 
describing where a point cstimatc is ucpcctcd to fall on P distribution. Cumulntivc-distribution 

(see Appendk B, figures B-1 and 13-2). Figures 5 3  to 5-5 show cxmplcs of cumulntivc 

hquency ?lots of exposure dab The point cstimatddcsaiptor approach is used whcn thcrc is 
not enough irrformntion to describe a distribution. Dcscriptors discusscd in US, EPA, 1992b, arc 
ncommtnded including ccnrrol tendmy to rcfcr to tbe mcan or median of the distribution, high 
cnd to refer to c\~osurc cdmatcs that YC expected to ,call bctwecn thc 90th and 99.9th percentile 
of the exposure dismbution. and bounding esstimarcs to refer to those higher than any actual 
exposure. 

scc sction 4. I .3 for it discussion of the different SOUTCCS of unccrrainty). In purdculu, thc 

mcssor should: 

I functions (CDFs) and probabbility-density functions (TDFs) arc nvo common prcscntdon formats 

The c.uposurr: profile should summltrizc important unc&tics (q,, lack of knowledgc; 

e Identify kcy assumptions and dcscribc how they wcrc handlcd 

e Discuss (and quannfy, ifpossible) the mngnimdc of .sampling mdor m c m c a t  
cnor 

. Idennfy the most scnsitivc variables influencing cxpos~uc 

Identify which unctrtaintics can be reduced through the coUcction of morc clam 

Uaceminty about ;I quantity's true vduc cm bc shown by calculating mor bounds on a 

All of the abovc information is synt!csized to r ach  a conclusion about the likelihood that 
pokt cstimattc, 3~ s h o w  in 5~ 5-2. 

c,uposurc will occur, complctbg the c.posurc profile. It is one of the products of the analysis 
phase and is combined with the stressor-rcspnsc profile (the product of thc ecological effects 
cbanctcriz;ltion discussed in the next section) during risk chmctcht ion.  

43. CHARACTEIUZATION OF ECOLOGICAL EFFECTS 

links them to the assessment endpoints, and evdwtcs how they change with varying strcssor 
Icvels, The characterization begins by evaluating effects data to specify the effects that arc 
clicitcd, verify that they arc consistcnt with the sscssment endpoints, and confirm that the 
conditions under which they occur are consistcnt with the conceptual model, Once the effects of 

To chmcterize ccological effects, the assessor dcscnbcs the effects clicitcd by 3 strcssor, 
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interest arc idcntzed, the sscssor conducts an ecological rcsponsc analysis (section 4,3,1), 
evaluting how tbe magnitude of the effects c h g c  with vyyiag stressor lcvcls and the cvidcncc 
that the mcssor causes the cffcct, and then linking the effects with tlic sscssmcnt cndpoint. 
Conclusions arc summ&ed in a stressor-rcsponsc profile (section 4,3,2). 

43.1. Ecological Response Analy~iu 
Ecologicd rcTonse andysis cxcunines thrce ptim31.y elcmcnts: the rchtionship bctwccn 

stressor levcis and ecological effects (section 4.3,1 A), the plausibility that effects may occur or 
YC occurring as 3 result of exposurc to stressors (section 4.3.1,2), and linkages benveen 
rneclsmblc ecologicd effects and xsessmcnt endpoints when the latter m o t  be dircctly 
measured (section 4.5.1.3). 

4.3.1.1. Stressor-Response Analysis 

resulting rcsponses, The stressor-responsc relationships uscd in a pYticulv sscssmcnt dcpcnd 
on the scopc and nature of the ecologicd risk ;LSscssmCnt 3s dcfincd in problem formulation and 
reflected in the analysis plan. For example, an ;1sscssor m3y nccd a point cstimcltc of an cffcct 
(such as an LC5J to compare with point cstimatcs from othcr SECSSO~S. The shape of the 
stressor-response CLLNC may be ncedcd to dctcrmine the presence or nbsencc ofan cffccts 
thrcshold or for evaluating incremental risks, or sbwsor-rtsponsc c w c s  may bc uscd as input for 
efTccts modds, If sufficient data arc available, thc risk xscssor may construct cumulative 
distribution functions using multiple-point csdmatcs ofcffccts. Or the assessor m y  usc process 
models that cllrcady incorpontc empirically dcrived secssor-response relationships (SCC section 
C,;.I.~), Text box 4- 13 providcs somc questions for stressor-response d y s i s .  

follo~ving II theme of variations on the clssical stressor-rcspnsc rclatioaship (c.g,, f i p c  C2). 
More complex relationships arc shown in figure 4-3, which illustrates ;L m g c  ofprojcctcd 
responses of zooplankton populcldons to pesricidc cxposuc based on Inborntory tests, In field 
studies, the complexity of thcsc tcsponscs could i n c r a c  even further, considchg factors such 

To evalutc cco~ogicd risks, one must understand the relationships between strcssors and 

This sccuon describes 3 m g c  of strcssor-rcsponsc approaches w d a b l c  to risk assessors 
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as potential indirect cffects of pcsticidcs on 
zooplankton populations (e.g., competitive 
intmctions bctwecn species). More complex 
pnttcm c3n also occur at hig!m lcvcls of 
biological o r g h t i o n ;  ecosystcms may 
respond to stressors with abrupt shifts to new 
community or systcrn types (Holling, 1978), 

In simplc WSQ, one response variable 
(e,g., mortality, incidcnce of abnonnalitics) is 
analyzed, and mosi quantitative techniques 
h v c  been dcvciopcd for Univariatc malysis. 
Ifthe response of intcrcsr is composed of 
m y  individual variables {c.g., spccics 

. . . . .  .. 
I .  

._ ' I .  

. .  , . . , I  

Text Box 413, Qucstionv for Streisor- 
Rwponsc Annlysiv 

Dots thc assessment rcquirc point 
estimates or stressor-rcsponsc curves? 

Docs the sscssrncnt require the 
cstablishmcnt of B "no-cffcct' Icvcl? 

Would cumulative effects didbutions be 
USCful? 

Will d y s c s  bc used as input to a proccss 
modd? 

a: Stressor-response curves 
[e.g,, dose-% mortality) 

b: Point estimates 

Intensity of stressor (e,g., doso) 

Figure 4-2. A simplc cxnrnple of a s trcssor-rcsponsc relationship, Substantially 
morc cornplcx rclatiombips are typical of many ccologhl risk uscssmcnts, $,vcn 
thc range of sh'wsors, endpoints, and environmental situations oftcn cncountcrcd. 



Intensity of Stressor 
(pesticide concentration) 

Figure 4-3. Vorintions in strcssor-rcspoasc rclationships. Thesc curvcs illustmtc ;1 
mngc of rcsponscs to pc.stiridc cxposurc oftbc intrinsic r;ltc of incrmc o f  
zooplankton populntionv (adapted from Schindlcr, 1987). 

abundulccs in an aquatic community), 
rnultivariatc techniques may bc usefd. These 
havc a long history of use in ecology (see 
texts by Gouch, 1982; Pielou, 1984; Ludwig 
and Rqnolds, 198s) but havc not yct been 
cxtcnsivcly applied in risk xscssmtnt. I%k 
quyltifyiag stressor-responsc rclcldonships is 
encouraged, qditcltivc cvaluations m also 
possible (text box 4-14), 

Stressor-rcspansc rclationships can be 
dcscibed using intensity, timc, or space. 
Lntcnsity is probably the mos~ fmiliar of thcsc 
and is oftcn uscd for chemicals (c,g,, dose, 
concentration). Exposurc duntion is also 
commonly used for chcmicd sicssor- 
response rdtltionships; for aamplc, median 

. .  

Tcxr Box 4-13, Qunlitativc Strasor- 
Rcspon.uc Rchtionships 

Tlic relationship between stressor and 
rcsponsc em be dahbcd qualintivcly, for 

and low, to describe thc intensity of rcsponsc 
given cxposurc to a stressor. For e.uamplc, 
Peaktine et al. (1985) assumed tlut seeds 
would not germinate if thcy wcrc inundated 
with water 3t the critical time. This strcssor- 
rcspow relationship was dcscribcd simply as 
a yes or no, In most cases, howcvcr, thc 
objectivc is to describe quantkativcly thc 
intensity of response associated with 
exposure, and in the best mc, to dcscribc 
how intensity of response changes with 
incrcmcntd incrma in txpos~rc. 

instance, using categories of hi& medium, 
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mc for toxicity tests with wildlife species. 
Risk assessors sometimes use curve- 

fitting anillyses to dctcrminc Pirrciculrrr lcvcls 

of cffcct These point estimates x c  

intcrpolatcd from the fitted line. Point 

3 
kr 
!h], , 

Tcxt Box 4-15. Median Effect Lcvcb 

Medim cffccts are those cffccts elicited in 

stressor, typically chernicd stressors. Median 
effect concentrations can bc c,uprtsscd in 

SOO/& of tea orgdsms cvoscd to a 

cstimntcs may bc adequtc for simple 
assessments or comparative studies of risk and 

t c m  of lethality or mortality and m known 
as LCs0 or LD5,, dcpcnding on whether 
concmmtiom (in bc or in Or 

cue also uscful if I I  decision rule for thc I doses (mgkg) were uscd. Median effccts I 

(text box 4-1 Sj ut frcqucntly selected 
bemusc he level of mccd ty  is w d  
at the midpoint of the rcgtssion curve, While 
(I 50% effect levcl for an endpoint such ;ls 
survival may not be nppmpriatcly protcctive 

other than lct!~ality (c.g., effects on growth) 
MC e-rcssed as EC,* or ED,o. The median 
cffcct lcvel is always associated with o time 

sscssment was identified during the planning 
phase (see section 2). Median effect levels 

paramctcr (c.g., 24 or 4s hours). Bccausc 
these tests seldom exceed 96 horn, their 
main value lics in evaluating short-term 
cEccts ofchcmi.s, Stqhan (19,7) 
discusses scvcnl Statistical methods to 
~ d m a t c  the medim effect I c v ~ .  
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for tbc assessment endpoint. median effect levels can be used for prc- ;rssessmcnts or 
comparative puq~oscs, especially when used in combination with uncCrtainty modifying factors 

I 

(see tcxt box 5-3). Selection of EL different effect level (IO%, 20%, ctc.) CUI bc arbitrary unless 
there is some clenrly d e h c d  benchmark for thc asscssmcnt endpoint. Thus, it is prcfenblc to 
carry s e v c d  levels of cffcct or the catirc stressor-response c w c  forwvd to risk estimation 

When risk ;~sscssors at puticululy interested in cf€ects at lower acs so r  levcls, rhcy may 
seek to establish "no-cffect" stressor lcvcls bucd on cornpuisons txrwccn experimental 
neauncnts and conuols, Stati.stid hypothesis testing is fkqucatly used for this purpose. mote 
that mtktical hypothescs arc different from the risk hypotheses discussed in problem' 
formulation; sce text box 5-12), An exmplc ofthis approach for deriving chcmicd no-cffect 

, 

lcvcls is provided in tcxt box 4-16, A featurc 
of s ~ t i s h l  hypothesis testing is that the risk 
xscssor is not rcquircd to pick o particular 
effect level o f  conccm. Tbc no-cffect lcvcl is 
dctcmincd instcad by cxperimcntal conditions 
such as the numbcr of replicates as well as the 
variability iahacnt in the &u. Thus it is 
i m p o w t  to considcr thc lcvcl of effect 
detectable in the experiment (k, its power) in 
addition to reporting the no-cffccr Icvcl. 
Another drawback of this approach is that it is 
difficult to evdwtc d c c t s  associntcd with 
stressor levcls other thm the actual trcatmcnts 
tested. Scvenl investigators (Stcphan and 
Rogcrs, 1985; Sutcr, 1993n) havc proposed 
using regression analysis as UY altcrnativc to 

statistical hypothcsis testing. 
In obswvationd field studics. 

statistical hypothesis testing is often used to 
compare sitc condidons with a refercnct 
sitc(s). The difficultics ofdrawing propcr 
conclusions from thcsr types of studies (which 
ficqumtly cannot employ rcplicction) havc 
h e n  discussed by m y  investigators (sce 

Text Box 4-16. No-Effcct Lwvclu Dcrivcd 
From Statistical Hypothesis Turing 

Smtisticd hypothesis tests have typ id ly  been 
used with clmnic toxicity rcsts of chemical 
stressors that cvalute multiplc endpoints. 
For each cndpoint thc objective is to 
dctcrm.int the highest t c s  level for which 
e f f m  s c  not mtisdcdly diffcrcnt from the 
controls (tbt ao-obscrvcd-ndversc-cffcct 
level. YOAEL) and rbc lowest level at which 
effects wcrc statistidy s i a w t  from the 
control (the lowcstsbswcd-advcrse-cffct 
lcvcl, LOPLEL). The m g c  between the 
NOAEL and the LOAEL is somctimcs called 
the d m u m  acccptablc tOXiCaQK 
concenmtion, or MiiTC. Thc MATC, which 
can also be repol.ted 3s the gcomctric man of 
thc NOAEL and the LOAEL (ix., G U T C ) ,  
provides ;1 uscfd rcfercncc with which to 
comparc toxicities of various chemical 
StrCSSOTs. 

Reporting the results of ckonic tests in tcrms 
of thc MATC or G M T C  has becn widely 
used Within the Agency for cvduaMg 
pesticides and indusnial chemicals (c.g., 
Urban md Cook, 1956; Nabholz 1991). 

seaion 4. I. I}, Risk assessors should e,uamine whether sites were cvcfdly matched to minimize 
diffcrtnccs othcr than the strcssor md consider whether potcntial covariatcs should be included in 
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h t  incrcflsing thC confidence that observed diffcrencts ELIZ: due to 

the treatment, 

displayed as cuulative distribution functions. Figurc 5-5 shows u c;u;unplc for species 
sensitivity derived from multiplc-point csthatcs (EC,s) for freshwater algae (and onc vascular 
plant species) c,uposcd to XI herbicide. Thcsc distributions can help identify sucssor lcvtls that 
affect a minority or majority of spccies. A l.imkhg factor in the use of cumulative frcqumcy 
disrributions is the mount of data nccdcd as input Cumul~uvc cffecrs distribution hc t ions  a 

Experimcnul data c m  be combined to pencrate multiple-point csdmtrtcs that c3n be 

be derived modcls ha t  use Montc Carlo or other mcthods to gcamtc distributions 
based on aesured or cszimatcd variation in input p m c t c r s  for the models. 

Stressor-rcsponsc relationships can bc consauctcd far each sawor  separately and then 
combined. Alternnntivcly, the rellltions2ip between rcsponsc a d  the suite of sscssors can be 
combined in one analysis, It is preferable to dircctly cvdutc complex chcmiul mivtures prcscnt 
in cnvironmend media (c,g., wmewattr cfnuents, contaminated soils W.S. EPA, 19$6b]), but it 
is important to consider the relationship betwcen thc samples tcsted and thc potential spatial md 
temporal variability in the ~ u r u t c .  TOC approach taken for multiple smsso~ depends on the 

feasibility of measuring them and whcthcr 311 objective of thc llSScSSmcnt is to project diffcrcnt 
S C ~ ~ S S O ~  combinations. 

In some w c s ,  multiple repasion analysis an be used to empirically rclatc multiplc 
stressors to ci response. Dctcnbcck (1994) uscd this approach to cvalutc change in the watcr 
qdiy of wctlvlds resulting from multiple physical scrc~sors. Multiple rcgrcssion analysis a n  be 
difficult to interpret if the cxplmtory Variables (Le., the strcssors) arc riot indcpcndent. Principal 
components d y s i s  cm bc used to mct indcpcadcnr mplwtory vxhblcs formed h m  liaw 
combinations of the on@ variables (Piclou, 1984). 

\rrccn multiple stressors arc prcsmt stressor-rcsponsc analysis is particularly c!dlcnging. 

43.1.2. Est@ blish ing Cause-an d-Eflect Rdationsh ips (Co usalhy) 
Causality is the relationship between cauc (one or more stressors) and cffcct (response to 

d ~ e  mssor[s]). Without ;I sound basis for linking C;LUSC: a d  cffccf uncertainty in the conclusions 
of an ecological risk asscssment is IikcIy to be high. Developing causal relationships is especially 
important for risk uscssmcnts driven by obsmed ndvasc ecological cffccts such ;1s bird or fish 
kills or a shift in thc species composition of an urn This scction dcscribrs considmtions for 
evalu;lting causality baed  on critcrin developed by Fox (1991) prim;lriIy for obscrvatiod data 

and additional criteria for cvperimental evaluation of camlity modiGcd fiom Koch's posiates 
(e.g., scc Woodman and Cowling, 1987). 
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Evidcncc of ausdity may be dcrivcd eom obscrvatiod evidence (c.g., bird kills are 

associated with ficld application of a pesticide) or experimental data (Iabonrory tests with the 
pesticides in question show bird kills at Icvcls similar to hose found in the ficld), and c a u d  
associations can bc strengthened when both types of information zrc avvailablc. But since not all 
situations lend thcnlsclvcs to formal experimentation, scicntists have looked for ohcr criteria, 
b s e d  largely on obscmtion nthcr than cxpcrimcnf to support a plausible argument for cause 
md effect. Tcxt box d l 7  provides criteria bacd on Fox (1991) that x c  very similar to others 

1986% b), While data to support some 
critcria may be incomplete or missing for any 
givca asscssrncnt thcse critcria offtr a useful 
way to evaluate avdable information, 

Stressor and responsc is oftcn the main reason 
that adverse effccts such is bud kills arc 
linked to specific evcnu or actions. A 
stlongcr rcsponsc to a hypothesized causc is 
more likely to indicate true causation, 
Additional strong evidence of causation is 
when 3 rcsponsc follows &cr a change in the 

hypothesized wue (prcdictivc pcrfommce). 
The prcsence of n biological p d i c n t  

or stressor-response relationship is another 
important criterion for causdity. Thc 
strcssor-response relationship need not be 
linear. It can be 3 rhrcshold, sigmoidal, or 
pmbolic phenomenon, but in any case it is 
important that it a n  bc demonstrated. 
Biological gradients, such as effects that 
dccreasc with dist;mce fTom a toxic dischugc, 
LVE frequently used EIS cvidcncc of causality. 
To be mdible, such relationships should bc 
consistent with c m n t  biologicd or ccologiwl knowledgc (biological plausibility). 

association) provides strong evidence of causdity. Consistency may bc shown by P pcatc: 
number of instances of association between stressor and rcspomc, occmnccs in diverse 

Tbe strcngtb of associxion betwcen 

A cause-andeffect relationship that is demonsated rcpeotcdly (consistcncy of 
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Tcxt Box 4-17. Gcncnl Critcria for 
Causality (Adapted From FOX, 1991) 

Critcria strongly af'firming causality: 

9 Strength ofssociation 

- Prcdictivu pwfarmmcc 

Dcmonmtion of a smssor-response 
relationship 

Consisitmy of association 

Criteria providiag a bxiis €or rcjccting 
causality: 

Inconsistency in association 

Ternpod incompatibility 

Factuai 'mplnusibility 

Other relcvant cntcrin: 

Specificity of association 

Theoretical and biologiwl plawibiliv 



ecological systcms, or associations d c m o m t e d  by diverse methods (Hill, 1965). Fox (1991) 
adds that in ecocpidcmiology, ;UT association's occmcncc in morc than onc specia and 
population is very strong cvidcncc for CIIUsEltion. An c .wp le  would be the many bird spccics 
killcd by carrbohm applications (I-louschecht. 1993). Fox (1991) dso believes that causality is 
supporrcd if thc smx incident is obscmd by diffcrcnt persons undcr differat circumst;mces and 
at different times, 

Convcrscly. inconsistency in ssociation bctwcen smssor and response is strong evidence 
against causality (e.& the messor is prtscnt without the cxpcctcd cficct or the effect occurs but 
the stressor is not found). Temporal incompadbiIiV (k thc prcsumcd cnuc doa not prcccdc 
thc cffect) and incompatibility with experimental or obsmationd cvidcncc (factid implausibility) 
arc also indications agaji,-t 3 ausd rclcltionship. 

ussociation and probnbilip. The morc specific or diagnostic the cflcct, thc morc likcly it is to 
h v c  ;I consistent C ~ U S C ,  However, Fox (1991) argues that effect specificity docs little to 

strength o causal c h h .  Disease can haw rnultiplc C~USCS, o s u b s - c c  can bthwc diferently in 
different enviromonu or cause sevcnl different effects, md biochemical cvrnts my dicit many 
biological rcsponscs. But in gencd, the morc specific or localized the effects, thc ezier it is to 
identify the cause. Sornctimes, 3 stressor may havc a distinctive mode of action that suggests its 
role. Yodcr md R;mkin (1995) found that p n t t m s  of c b g c  obscrvcd ix fish and bcnthjc 
invcrtebntc communities could S C N ~  as indicators for diffcrcnt types of anthropogcnjc impact 

Two othcr criteria may be of somc help in defining c;lusal rclationships: specificity of an 

(cage, numcnt cnrichment vs, toxicity). 
For some pathogenic bialogid 

stTessors, the causal cvalu;ldons proposed by 
Koch (see text box 4-15) may be uscful. For 
chemicals, ecotoxicologists have sli@tly 
modificd Koch's posrulatcs to provide 
cvidcnce ofcausclli~, (Sutcr, 1993a). "he 
modifications arc: 

b Thc injury, dysfuction. or 
other putative effect of the 
tosicznt must be rcgdarly 
usociatcd with exposure to the 

tosicant and my conmbutory 
causal factors. 

~~ ~ 

Tcxt BOX 4-1s. Koch's Postulntcv (Pelcu 
and Rcid, 1972) 

A pathogen must be consistently found in 
;Issociation with a given diswc.  

Thc pathogen must bc isolated fiom thc 
host and grown in purc culturc. 

LVhcn inocuiatcd into test animals, the 
s m c  disease symptoms must be esprcsscd. 

?he pathogcn must again be isolated from 
thc test organism. 

so 
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Lndicators of cxposurc to thc toxicant mus: be found in thc affktcd organisms. 
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toxiwnt under coatrolled condidom, md  my contributcty factors should be 
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mmiksted in the m e  way during controlled cxposurcs. 

flic m e  indicators of exposure and cffects must bc idcntificd k~ the controlled 
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c.uposurcs as in thc fieid. 

These modifications i vc  conccptually identical to Koch's posnrlmcs. While uscful, this 
approach may not bc practical if resources for cxpcrimcnotion cvc not avdablc or ifan rrdvcrsc 
cffcct may be occurring over such a wide spatid cxtcnt that txperimenution aad C O I T C ~ ~ ~ O R  may 
provc difficult or yield equivocal results. 

proposed thrcr rules for establishing thc cflccts of airborne pollutants on thc health and 
productivity of forests: (1) the injury or dysfunction symptoms obscrvcd in the w c  of individual 
rrecs in the forest must be associated consistently with tlic prcscncc of the supcctcd causal 
factors, (2) the same injury or dysbction symptoms must be sccn when hcnlthy trccs arc'cxposcd 
to thc suspected causal factors under controlled conditions, and (3) mural variation in r c s i m c c  
and susceptibility obscmcd in forest trees also must be sctn when clones ofthc m e  trees (uc 

exposed to thc suspccted c a u l  factors undcr contxollcd conditions. 

n i u n ~ c s ,  Options include evaluating separated components of thc mixnUe, dcvcloping and 
testing 3 synthetic mixture, or dctcrmining how a mi.muZ's toxicity rclntcs to that of individual 
components. Thc choice of method dcpends on the god o f  the assessment md thc resources and 
test data thar YC mailable. 

Labontory toxicity idcntifhtion wdutions (TIES) can bc used to help determine which 
components of a chemical mkvturc cauc toxic effects. By using hctiomtion and othcr methods, 
the TIE approach c;m help idcntify chcn.icals rcsponsiblc for toxicity and show the relative 
conributions of diffcrcnt chcmicals in aqueous cfflucnts (US. EP.4.19SSa. 19S9b. c) and 
sediments (c.g., Anwcy et ale* 1990). 

components rn well chmctcrizcd. This approach allows for mmipdzrtion of the mivturc and 
investigation of how varying thc componcnts that YC prcscnt or their ratios may af'fcct mkturc 
toxicity, bur, it allso requires additional assumptions about the relationship betwccn cffects of the 

Woodmm axid C o w h g  (1 987) provide a specific amplc o f  a c a d  evaluation. They 

Experimental techniques MC frequently used for cvdwting aus3Jity in complex chemical 

Risk ~sscssors may udlizc data h m  synthetic chemical &WCS if the individud chemical 
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toxicity, but it also requires additional assumptions about the rclatioaship bctwccn cffccts of the 
synhetic mivturc md thosc of the envkonmcntal miuhlrc. (See section 5.1.3 for additioaal 
discussion of mixtures.) 

43.13. Linking Mcawres of Eflcct to 

tlssessmtrnt Endpoints 
Assessment endpoints cxprcss the 

environmental values of concern for 3 risk 
assessment, bur they annot always be 
measured directly, When measures of effect 
mer from assessment cndpoints, sound and 
e.uplicit W g e s  betwecn them arc needed. 
Risk clssessors may make these iinkagcs in the 
analysis phase or, especially when !inkages 
rely on professional judgmcnL work with 
meassures of effect through risk estimation (h 
risk c h c t c r h t i o n )  and h e n  comcct them 
with asscssmcnt cndpoints. Common 
empoiations used to h k  mcurcs  of effect 
with xscssment endpoints yz shown in text 

box 4-19. 

43.13.1. General Conridclrations, D u h g  
the preparation of thc analysis plan, risk 
assessors identify the cutrrpolations rcquired 
betwccn assessment endpoints and m e w c s  
of effect During the d y s i s  phase, risk 
wcssors should revisit the qucsdons listed in 

Tcxt Box 4-19, ExampIcs of 
Extrapolations To Link Mcasurcs of Effccr 
to Asvcssmcnt Endpoints 

Every risk assessment has data gaps that 
should be nddrcsscd, but it is not always 
possible to obtain more information When 
there is a lack of time, monetary rtsources, or 
a pncdcd mcms to a c q k  more data, 
empolations such as those listed bclow may 
bc the only way to bridge gaps in clvdablc 
data. Extrapolations may be: 

Between rcsponscs (e.g., mortality to 
growth or reprodmion) 

From labontory to ficld 

Bctwccn spatial scales 

From data collcctcd over a short dmc b c  
to l o n g c r ~ r n  cffects 

text box 4-20 before proceeding with SpcciGc empolation approaches. 

largely dctcrminc how consctvntivc il risk 
zscssment will be. The cxly stages of a ticred risk assessment typically USE conscrvotivc 
estimates because the d m  needed to ndcqwtcly ilsscss cxposurc and cffcm arc usually lacking, 
When cl risk h s  been idcnrifcd, substqucnt tiers use additional data to oddrcss the unccntlintics 
that were incorporated into the initial ;Issessment(s) (SCC text box 2-8). 

The wtw of thc risk assessment and the type and mount of data that are avaihblc 
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The scope of the risk wcssment also 

innuenccs cxtmpolation through the nature of 
the assessment endpoint. P r d i m h y  
assessmeats h t  cvalutc risks to gcnenl 
trophic lcvcls such as herbivores may 
m p o l n t c  between different gcnm or 
families to obtain a range of sensitivity to the 
stressor, On the othcr hand, wcsments 
concmed with rnmitgcmcnt strategies for P 

particular species my employ popul;rtion 
modtts. 

Analysis p h c  activitics may suggcst 
additional c?Etrapolation needs, Evaluation of 
exposure may indicate different spatial or 
ternpod s d c s  thyl originally planncd. If 
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Tcxt Box 4-20. Quation!! Rclntcd to 
Selecting Extmpolation Approach6 

How spccific is the asscssmtnt endpoint? 

Does the sp3tial or tcmpod cscnt of 
txposurc suggest the need for additional 
receptors or empolation models? 

An thc quantity and quality of the data 
available sufficient for planned 
c.utnpo/ations and models? 

Is thc proposed c,mpolation technique 
consistent with ecological information? 

How much uncertainty is acccpctble? 

spatial scales arc broadened, additional rcccptors m3y nccd to be incIuded in empolation 
models. If a stressor persists form extended time, it may be necessary to cxtmpolntc short-tcrm 
responses over a longer exposure period, md population-Itvcl cffcrs may bccomc more 
important, Whmvcr metbods arc cmployed to link sscssmcnt endpoints with rncasum of c f f c ~  
it is hportvlt  to apply them in a mannet consisTcnt with sound ecological principles and use 
enough appropriate data. For cxtmplc, it is inapp:opriate to use saucrurt-activity rclatiorships to 

prcdia toxicity from chemical m c t u r c  unless the chcmiol undcr consideration has a similar 
modc of toxic action to the reference chemicals (Bndbuy, 1994). Similarly, cxtmpoli-itions 
between two specics may bc morc credible iffactors such 3s similarities in food pdcrcnccs, body 
mrss, physiology, and scasond behavior (c.g., mating and migration habits) arc considered 
(Smplc ct d., 1996). Rotc or biologkdly implausible ex&qolations will erode the assessment's 

o v d  credibility. 

Although many d3t3 are available for chemical strcssors and aquatic species, they do not exist for 
dl ma or effects. Chemkd c3ccts &ub;rscs for wildlife, amphibians, and repdlcs arc c w ~ m c l y  
limited and there is even lcss information on most biological and physical stressors. Risk 
;1sscssors should be aware that e.utnpolations and rnodcls arc only as useful as thc data on which 
they are bllscd mc! should recognize the g a t  unccdntics msociatcd with cxh-apoladons that 
lack an adcqwtc empirical or proccss-bued rationale. 

of effect to assessment endpoints, % noted below. 

Finally, many e ,~~~po ln t ion  metbods arc Ijmitcd by thc avdabbility of fllitablc databscs. 

The rest of ~s section nddrcsscs thc approaches used by risk tlsscssors to link mcsurcs 
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Linkages b z c d  on professional judgment This is not as dcshble as empkkal or 
process-based approaches, but is the only option when d m  arc lacking. 

L k g c s  b s c d  on empirical or process models, Empirical extrapolations use 
cxpCrimentd or obscrvatiod data that may or may not be org,;mizcd into o 

database. Process-based approaches rcly on some lcvel of understanding of the 
undcrlying operations of the system of intacst. 

43.13.2. Judgment Approaches for  Linking iMeawcs of Eflecr to Asscssm'nt Endpoints. 
Professional-judgment approaches rcly on the professional cxpcrrisc of risk uscssors, expert 
panels, or others to relate changes in nesurcs of cffcct to chmgcs in mscssmcnt endpoints. They 
arc essential whcn dambases arc inadequate to support crnpirical models and process modcls are 

wvzilablc or in;lppropriattC. Profcssional-judgment lkhgcs between mesurcs of effect and 
assessment endpoints can be just 3s credible as empirical or process-based expressions, provided 
they h v c  ;1 sound scientific basis. This section highlights professional-judgment extrapolations 
between species, from laboratory cht3 to field effects, and betwccn geographic mas, 

Bec;lusc of the uncerrainty in predicting the effects of biological stpessors such as 
introduced species, professiocal-judgment approaches x c  commonly used For cxunplc; hcrc 
may bc rnewms of effect hta OR a foreign pathogcn h t  attacks a certain trcc spccics not found 
in the Unitcd Sntcs, but the rrsscssmcnt endpoint CORCCRIS the survival of a conmcrcially 

imporrant tree found only in thc Unitcd States, In this wt, o careful evaluation and cornp;lrison 
of the Lifc histtory and cnvironmcntd rcquircmcnc; of both the pnthogcn and the N O  trcc specks 
my conmbutc t o w d  a useful dctcmimtion of potcntid cffccts, cvcn thou@ thc unccminty 

my be high Expert paneis are typically used for this kind of evaluation (USDA, 19%). 

However, such data arc not always available, Frequently, risk a.sscssors muit m p o l a t c  fiom 
laboratory toxicity test dat3 to field cffec'~. T e ~ t  box 4-21 S&CS some of the 
cousidcntions for risk ;~sscssors whcn exuapolating from laboratory tcst results to field 

Risks to organism in field situations arc best cstimatcd from srudics at thc site of htcrcst. 
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situations for chemical sp~ssors. Factors 
altering expowc in the field are among the 
most i rnpowt  factors limiting e;utnpolations 
from labontory tcst results, but indirect 
effecs on exposed crganisms due to 
prc&tion, competition, or other biotic or 
abiotic factors not tvdued in the labontory 
my dso bc si@c;mt. Vyiations in dircct 
chemicd cffccts bctwecn labontoy tcsts and 
field situations may not contribute as much to 
the ovenll mc&ty ofthc extrapolation. 

labontory multiple-species tern YC 

somdmes used to prcdicr field effects. While 
thcsc ICS% hzvc the advantage of evaluating 
some aspects of a red ecological system, they 
also have inherent s d e  limit;ltions (cg,, lack 
of top trophic Icvels) and may not adequately 
represent features of the field system 
important to the sscssmcnt endpoint. 

judgment arc frequently rtquircd when 
~ c s s o r s  wish to use Geld data obtained from 
one gcognphic area and apply them to a 
diff'ercnt m a  of coucm, or to cxtmpolate 
from the results of labontory tests to more 
than one geographic region, In cithtr CYC, 

risk ~sessors  s'nould consider variations 
between regions in enviromatd conditions, 

In addition to single-species tests, 

Empotations based on professional 

rext Box 4-21. Qucstions To Considcr 
UVbcn Extrapolating From Effcctv 
Dbscwcd in thu Lubomtory to Fidd 
Effccts o I Chcmialu 

Exposurc factors: 

v How will cnvironmcntaI fate and 
mnsfarmation of thc chcmid ~Kcct 
c.uposue in the ficld? 

How compmblc YC e.uposurc conditions 
and the timing of exposure? 

. How compmblc ;UT hc routes of 
exposure? 

How do abiotic factors i n f l u c n ~ ~  
bioavdability and exposure? 

How likcty arc prcfcrcncc or woidmcc 
bc hwiors? 

Effccts factom: 

WK is known about thc biotic and abiotic 
factors controUing populations of the 
o r g ~ s m s  of concern? 

How may cxpowc to thc same or other 
mcssors in the field have dtcrcd organism 
scnsitivity ? 

spatid scales and heterogeneities, and ccologid forcing functions (see bclow), 
Variations in environmental conditions in differcnr gcogmphic regions may alter stressor 

cxposun and effects. Xf exposures to chemical stressors c m  bc nccuratcly estimated and YC 

expected to bc sirnilur (cage, SCC text box 4-21), the m e  species in difftrcnt urn may respond 
similuly. For c,mmplc, if tbe pesticide granular arbofbran were applicd at compmblc rates 
throughout the c o u n ~ ,  sccd-cadng birds could bc cxpcftcd to be similarly xff'ccted by the 
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pesticide (Houstknccht, 1993). Ncverthclcss, tfic intlumcc of cnvironmcntrsl conditions on 
messor cx?osurc and cffccts can bc submtial  

For biologid stressors, mvirommtd conditions such tls c h t e ,  habin6 and suitable 
hosts play mjor roles in dctcmmng wbcrhcr ;1 biological mssor becomes established. For 
crmple, climate would pment csrablishmcnt of the Meditemacvl f i t  fly in the much colder 
northcastern United States. Thus. a thorough cvdution of environmental conditions in the area 
vcrsus the narurd hbi ta t  of the Strcssar is importylt. Evcn so, mvly biological mcssors c3n 
adapt readily to varying cnvironmcntal conditions, and the abscncc of natural predators or 
d i s c ~ c s  may play an even more importmt rolc than abiotic fx ton .  

For physical stressors that have natural coun:crpm, such as fix, flooding, or tenpmturc 
variations, effects my dcpend on the diffmncc benvccn bumanauscd and natural vxktions in 
these pmvetcrs for a p d c ~ . I u  region. Thus, thc comparability of wo rcgioas dcpcnds on both 
the pattern and a g e  of natural disturbances. 

Spatial scdcs and hetmgcneitics s e c t  comparability bcnvccn rcgiom, Effccts obscmed 
over a large s d c  may be difficult to tmpo la t c  born one gcogslphical loation to another, 
mainly because the spatial heterogeneity is likely to differ, Factors such as number and size of 
Imd-covcr patches, distancc betwccn patches, connectivity and condudvity of patches (c,g., 
migration routes), mc! patch shape my be important. E ~ p o l a t i o n s  can be strmgthcacd by 
using appropriate rcfcrcncc sitcs, such u sitcs in comparable ccortgions (Hughes, 1995). 

;uc critical abiotic vaxkbks that cxcrt ;1 major influcnce on thc s i c t u r t  and function of 
ccologid systems, Exmplcs  hcludc tcmpentun fluctuations, fk fxcquency, light intensity, and 
hydrologic regime. Lfthesc Wkr si@cmtly betwccn sitcs, it may be imppropriatc to 
cmpolattc effects from one system to ylother. 

Gosselink et d, (1990), Preston and Bedford (1988). 3nd Risscr (1988) my be usdid to risk 
~ c s s o r s  concerned with cffccts in different gcognphicd arcas. 

1 1  

Ecolo@cal forcing functions may differ bctwccn geographic regions. Forcing funcrions 

Bedford and Preston (19SS), Dacnbeck et al. (1992), Gibbs (1993), Gilbert (1987, 

43.1.3.3. Empirical and Procas-Bascd Approaches for Linking Mcasures of Eflect to 

Assessment Endpoints. A variety of cmpiricd and proecss-based approaches arc avdlablc to risk 
~SCSSOTS, depending on thc scopc of thc sscssment and thc bta and resources wailrtblc. 
Enpirial and process-based approaches include numer id  cmpolations W e e n  rnc;~surrs of 
effects md assessment endpoints. Thcsc linlwgcs range in sophistication from applying ;VI 

uncertainty factor to using ;I complcx rnodcl requiring cxtcnsive mcsures of effects and mcasurcs 
of ccosystcm and receptor chanctmistics as input. But even die most sophisticated qutimtive 
models involve qualitative elements and assumptions and thus require proftssiod judgment for 
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evaluation. Individuals who usc models and interpret their results should bc fjmiliat with the 
underlying assumptions and components contained in thc model. 

43.13.3.1. Empirical Amvoackv. Empi.dcal approaches arc dcrivcd hrn cxpcrimend data or 
observations. Empirically bmcd uncertainty factors or wonomic empolations may be uscd 
wben adequate cffccts databases are available but the undtrstclnding of underlying mechmisms of 
action or ccologid principles is limited. When sufficient information on st~cssops and receptors 
is availabk, process-bascd approaches such as pharmacokinctidphmacodpmic models or 
population or ecosystcm process rnodcls may bc used. Regardless ofthe options uscd risk 
~ s e s s o r s  should justify and adequately document thc approach scl~ctcd. 

of assessment endpoints, Unccrtak;ty factors YC empirically derived numbers that arc divided 
into mesure of cffem values to give an estimated stressor level that should not cause advcrsc 
cffccts to the rrsscssmcnt endpoint. Unccdnry factors h v c  bccn developed most ticquently for 
chemicals because cxtcnsivc ccotoxicologic htabascs arc available, cspecidly for aquatic 
organism. U n c t , d t y  factors YC useful when decisions must be made about s~rcssors in a short 
t ime and with little infbmxion. 

Uncertainty factors' have been uscd to compensate for xscssxnent cndpoindcffccr 
mcssurcs difFercnccs benvccn endpoints (xutc to chronic cffccts), betwccn spccics, and bcbvccn 
tcs situations (c.g., laboratory to field). Typically, thcy v q  invcrscIy witb the quantity and type 
of measures of cffccts bta available (Zccmul, 1995). Thcy havc been used in screening-lcvcl 
asscssrncnts of new chemicals (Nobholz, 1991), in assessing thc risks of pm'cidcs to aquatic and 
terrcstrid organims (Urbm and Cook 1986). and in dcvcloping bcnchark dose lcvcls for 
human hcdth effects (US. EPA, 1995~) .  

Dcspitc their uscfulncss, unccrtainy factors can also be misused, especially when uscd in 
an overly conscrvvarivr fahion, M whcn chub of factors llpc multiplicd togcthcr without sflicient 
justification. Like other appronchcs to bridging data gaps, uncc,rta.inty factors arc often bucd on 
a combination of scimtific analysis, scicntit?c j u d p a c  and policy j u d p c n t  (sce SCCUOR 41.3). 
It is important to differcntimc t h a c  thrcc clcmcnts whcn documenring the basis for thc 

Unccruinty factors arc uscd to ensure that m w s  of effects are suEciently protective 

uncertainty factors ucd 
Empiriwl data can be uscd to faciliatc c.mpolntions bctwcen spccics, gcncra, t'amilics, or 

orders or functionid groups (c.g.. fccding guilds) (Sutcr, 1993a). Sutcr et al, (198;), Sutcr 
(1 993;1), and Bmthousc et d, (1957,1990) dcvclopcd mcthods to cxtnpolatc toxicity bctwcen 
ficshwclrcr and marine fish and arthropods. As Sutcr notes (1993~~). thc unccrt;lindcs xxiociated 
with extrrrpolating between orders, clmscs, and phyla tend to be vcry high. However, one 
c,xtmpolatc with fair certainty bctwrcn aquatic species within gcncn and gcnm within funilies. 
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Further appliations of this approach (e.&, for chcmid  &ssors and t d d  orgylisms) arc 
limited by a lack of suitable databas .  

In addition to taxonomic &obrlscs, dosc-swling or dometric regression is uscd to 
 pola ate the effects of D chemical stressor to another species, Allomcay is the mdy ofchmgc 
in the proportions of various puts of m organism M o conscqucncc of growth a d  development. 
Proccsscs that influence toxicokinetics (c.g., rend c l m c e ,  basal metabolic ntc, food 
consumption) tend to vuy across species according to allometric scaling factors that can bc 
cxptessed is J nonlinca function of body wcight. That scaling factors an be used to csdmatc 
bioaccumulation rrnd to improve htcrspccics extrapolations ~ c w r n m  1995; Ktnags 1973; US. 
EPA 2992c, 1995d). Although allomeaic relationships arc commonly used for human health risk 
ELsscssments, they h v c  not been applied as extcnsivcly to ccologid effects (Sutcr, 199%). For 
chemical sucssors, allometric relationships c3n embit an assessor to esdmatc toxic effects to 
specks not commonly tested, such as native mammals. Ir is importnnc hat the zscssor consider 
the t;uconomic rckttionship benvecn the known spccics mci the anc of interest. The closer they 
are related, thc mort likely thc toxic rcsponsc will be similar. Allorncrric approaches should not 
be applied to species that differ gcatly in uptake, metabolism, or dcpuntion of a chemical. 

43.13.3.2. Proces.v-Bascd Amrouckv.  Process models for cmpo[otion u e  rcprtscnmduns or 
abstractions of ;1 system or process (Starfield and Blcloch, 1991) that incorpontc ctlud 

relationships and provide o predictive capability that does not dtpend on thc availability of 
c~.iiSring stressor-response inf'orm;ltioa as empir id  models do (Wiegert and Barc~ll, 1994). 
Process models enable ;~sscssors to tnnslatc dam on individual cffccts (c.g,, mortality, growth, 
and roproduction) to potential dlltmtions in specific populntions, communities, or ccoystcms. 
Such models can be used to evaluate risk hypotheses about the duntion and scvcrity of LL stressor 
on an sscssrnmt endpoint that C ~ O K  be tested rcadily in the laboratory. 

There are two major types of models: single-species population modcls and multispecics 
community and ecosystem models, Population models describe thc d y n d c s  of a f i t c  group of 
hdividuals through &.e and hmc been used extensively in ecology and fishcries managment a d  
to a~sess the impacu of power plants md toxiunts on specific f sh  populations ( B m h o u c  et al., 

1987, 1990). They can help m w c r  questions about short- or long-tern chmgcs of population , 

sizc and m c u e  and can hclp estimate the probability that a population will dcclint below or 
grow above a spccificd abundvlcc (Ginzburg e: d., 1982: Ferson ct al,, 1989), The larter 
application may be usehl tvhcn ~~sscssing the cffcct5 of biological ~ ~ ~ C S S O ~ S  such x introduced or 
pest spccics, Bmthousc et d. (1986) and Wicgcrt and Bartell (1 994) prcscnt cxccllent rcvicws 
of population models. E d e n  (1989) has revicwcd population models ttut c3n be used for 

- 

tcrrcs~al risk mcssment. 
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Proper use of population modcb rcquircs a thorough understanding of thc nntun! history 

of thc specks undcr consideration, as well 3s knowlcdgc of how the spasor influences its 
biology. Model input ~311 include somatic growth ntcs, physiological rates, fccundiv, survivd 
ntcs of various ciasses Within the population, and how thcsc change when tbc populauon is 
exposed to thc strcssor and other environmental factors, In addition, thc cffccts of population 
density on thcsc parameters MC i m p o m t  (EI3sscl1, 19S6) and should bc considered in thc 
uncertainty analysis. 

patdcularly uscfd when the assessment endpoint involvcs m c m  (c.g., community 
composition) or i i~~ct ional  (c.g., p r i m q  production) tlcmcnts. They can also be useful when 
secondary cffccts arc of concern. Changes in various communiv or ccosystcm components such 
3s populations, functional types, feeding guilds, or environmental proccsscs c;rtl be estimated. By 
incorponting submodcls describing thc dynamics of individual system componcnts, these models 
permit evaluation ofrisk to multiple assessment endpoints within the context of thc ccosysr~rn, 

Risk ;1sscssors should determine thc appropriate dcgce of aggrcgarion in popuhtian or 
multispecics modcl p m c t c n  baed both on thc input data available and on thc dcsircd output of 
the modcl (also sce t e s  box 4-5). For cxmplc, if o decision is rcquircd about 3 pYZicular 
species, a model that lumps species into ~ o p h i c  levels or fccding guilds will not bc vciy whl. 
Assumptions conc&g aggregation in modcl panmetcrs should bc included in the u n c c d t y  
discussion. 

Community and ccosystcm modcls (c.g,, Bartcll ct al,, 1992; O'Ncill et al,, 1982) are 

432. Stressor-Rcuponuc Profilc 

Iemed. This may be EL written document or a module of a largcr process modcl. In my a e ,  the 
objective is to cmwc &at thc information nccded for risk chmctcrkation has been collcctcd and 
evduated. A w c l l  approach in p r e p k g  thc stressor-rcsponsc profile is to h a g h e  tlut it Will 
be used by wmconc clsc to pcr?brm the risk chmctcrhtion. Profilc compilation also provides 
an opportunity to v c e  that the assessment endpoints and mcaswcs of cffcct idmtificd in the 
conceptual model were evaluated. 

Thc final product of eco1ogia.I rcsponsc mdysis is 3 summary profile of what b3s becn 
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trophic levels, communitirs,  ecosystem^, or 
landscapes. The nnturc ofthr: cffect(s) should 

Risk MSCSSors should sevd Text Box 4-22. Qucstions Addresvcd by 
q u d o m  in the stressor-rcsponsc profile (text 

box includc 4-22). singk Affected spccies, ccologid populations, entities gcncral may --- What ecological cntitics at i&?cctcd? 

thc s ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~  Proac 

What is the namc of the cffcct(s)? 

should be rcported as sppropriatc. At thc 

community Icvtl, effects may be summarized 
in t c m  of smcm.rc or function depending on 
the uscssmcnt endpoint. At the landscape 

'IIus i€ o singlc spccics is &cctcd. the cffccts 
should rcprcscnt pclnmctcrs approprim for 
that Icvel of organization, Exmplcs includc 
effects on mortality, growth, and 
rcproduction. Shoiz- and lon&-tc.rm effects 

9 Mow do changes in rne3~urc5 of cffccs 
rclatc to chmngcs in uscssmcnt endpoints? 

. $mat j, unceminv uc;soci;ltcd with the 
analysis? 

Whcrc appropriatc, what is thc timc sw lc  
for rccovcp? 

wilnt c w a ~  information iinks h c  sxnssor 
with any observed effccts? 
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At the a d  of the ~ ~ i d y s i S  P ~ C ,  the SUCSSO~-ESPO&C ilnd ~ v p ~ s u t c  p d h  US& to 

estimate risks, These proales provide thc oppormnity to review what has bccn l m c d  and to 

!xmmarkc this information in the most usefui format for risk cbanctcrh~on. Whatever form the 
profiles rake, they cnsurc that the ncctSS;VY infomtion is available for risk chmcterizztion. 

I '  

i' 
1 
I 
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Risk c h c t c r b t i o n  (figure 51)  is thc %d phase of ecological risk assessment and is the 
culmination of the planning, problem formulation, and aasslysis of prcdictcd or observed advcrsc 

ecological effects rclxcd to the asscssment endpoints. Completing risk chmctcrizrtion allows 
risk ~ S C S S O R  to c l e  the rclationships btrwcen stressors, cffccts, and ccolo@cal rarities and to 
reach conclusions regarding the O C C U I T C ~ ~ C ~  of cxposurc and rhc adversity of ~zckitlg or 
anticipated effects, Hac, risk assessors first usc thc rcsults of the analysis phase to develop an 
&te of the risk posed to thc ecological entitics included in thc assessment endpoints idcntifkd 
in problem ,formulation (scction 5.1). After cSrimahg the risk, the assessor dcscribcs the risk 
cstimatc in thc context of thc s ignhncc  of any advmc cffccts and lines of evidence supporting 
their likelihood (scction 5.2). Finally, tbt ;LSscssor idenrifics and summllrizes h e  uncertainties, 
assunptions, and qdif icrs  in the risk sscssmcnt and rcpom the conclusions to risk mmgcrs 
(section 5.3). 

Conciusions prcscntcd in the risk chancterhtion should providc clcat information to risk 
managers in order to be usc l l  for cnvitonmcntd decision making (NRC, 1994: see scction 6). If 
thc risks arc not s&icicntly dciincd to support o rnulagemcnt decision, risk r n k g c s  may elect 
to proceed with another itcntion of onc or more p h c s  of thc risk ascssmcnt process. 
Reevaluating thc conceptual model (and associated risk hypodtcscs) or conducting additional 
studies my improve the risk estimate. AItmtivcly, EL monitoring program my help mmgcrs  
cvaiutc &e consequmccs of ;I risk management dccision, 

5.1. RISK ESTIMATION 
Risk cstination is the pmccss of integrating clcposure md effects dah and evaluating aay 

associated unccrtclinties. The process uses exposure and stressor-rcsponsc ptofilcs developed 
according to thc d y s k  plan (section 3.5'). Risk cs.tim3tcs c;m be dwclopcd using one or morc 
of the following tcchniqucs: (I) ficld obswational studies, (2) c;ltcgorid nnkings, (3) 
comparisons of single-point exposure and effects c s h t c s ,  (4) comparisons incorpdmMg the 
entire stressor-response relationship, (5) incorporation of variability in cxpomtc yldor cffccts 
c s b t e s .  and (6) process models tb3t rely partially or cntircly on theoretical appro;uimations of 
e;uposurc and cffccts, These techniques arc described in the foI10wing scctions. 

5.1.1. RuuultY of Field Obscrvationnl Studies 

provide empirical cvidcncc lkking exposure to cgects. Field s?wcys masure biologic31 
Field obscrvvatiod studics (surveys) can scrvc as risk estkmtion tccbqucs because they 
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PROBtEM FORMULATION 

ANALYSIS 

e' 'RE! CHARACTERIZATlON 
% c !#- 

c' '. ,#*' '. --. 

I 
v 

Communlcattng Results to the RJsk Manager 
A 

changes h natural settings through collection of c;upasurc and cffecrs data for c c o l o ~ d  entities 
idcntXcd in problan formulation. 

A mjor advmugc of field survcys is that thcy can bc used to cvalutc multiple stressors 
and complex ecosystcm relationships &at m o t  be replicatcd in thc laboratory. Field surveys rn 

dcsigncd to delincatc both cxposws  and d e c t s  (including secondary cffccts) found in 
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rnturd'systems, whereas cstimatcs gcnentcd 
from labontory studics gcnedy  delineate 
cithcr cxposurcs or effects under controkd or 
prescribed conditions (see text box 5-1). 

Whilc fidd studies may best rcprcsent 
rcaliry, as with other kinds of studies thcy can 
be limitcd by (1) a lack ofrcplica$on, (2) bias 
in obtaining rcprcsenutivc smplcs, or (;) 
f i l u e  ro mczurc critical components of dic 
synem or m d o m  variations, Further, a lack 
ofobscrvcd eff~.cs  in ;1 field s w c y  may occur 
b e a u s  the rneasurcrncnts lack the sensitivity 
to detect ecofogicd effects. Scc section 4.1.1 

for additional discussion of the svcnghs and 
limitations of different types of data. 

SeveraI assumptions or qualifications 
need to be clearly artkulated when describing 
the r c d t s  of field s w c y s .  A prbnary 
qualification is whcthcr ;L a d  relationship 

Tat Box 5-1. An E.mmplc of Ficld 
Methods Uscd for Risk Eqtimntion 

Along with quoticnts cornpYing ficid 
mmsupcs of exposure with laborarory acute 
toxicity clan (SCC Text Box 5-3), EPA 
evaluated the risks of gmular carbofumn to 
birds bmcd on incidents of bird kills following 
carbofuran applic;ltions, Morc than 30 
incidents invoiving ncvly 30 spccics of birds 
were documented. Although rcvicwers 
idmtified problem with individual ficld 
mdics (c,g., lack of appropriate control sites, 
lack of data on wrcass-search efficicncics, no 
c.u3mmtion of potential qmcrgkric effects of 
othcr pesucidcs, and lack of consideration of 
other 2otential rcccptors such as small 
mammds). there was so much cvidencc of 
mortality associated with carbofuran 
application that thc study dcficicncics did not 
alter the conclusions of high risk found by thc 
uscssment (Houcknccbt 1992). . 

bctwccn seessors m d  effccts (section 4.2.1.2) is supportcd. Unlcss causal relationships YC 

carefully cxuni~~cd conclusions about cffccts that arc obscrved may be inaccurate bcwusc the 
cEccts arc caused by factors unrelated to t l ~ c  sbcssor(s) of concern. h addition. field w c y s  
taken at one point in time arc usually not predictivc; thcy describe effects rrssociatcd only with 
e,uposurc scenarios associated with pas? and existing conditions. 

5.12. Categories and hnkings  

used to rank risks uskg categories, such as low. medium, md high, or yes and no. This approach 
is most ftcqucntly used whcn cxposurc and cffccts dnn arc limitcd or arc not easily exprcssrd in 
quantitative terms. The US. Forest Servicc risk ascssmcnt of pest introduction from impomtion 
of logs from Chile used qulitativc categories owing to limitations in both the cxposurc and 
effccts dam for the introduced sprcics of concern as tvcll ;ts the rcsourcrs avaiiablc for thc 
rc;scssrncnt (sce tcxt box 5-2). 

In some mcs,  profcssional judgment or other qudintivc cvdwtion techniques may bc 



Ranking tcchniqucs can be uscd to i- translate qu;rlimtivc judgment into a 
uthcmaticd comparison. Thcsc methods YC 

For e,uamplc, Harris ct d, (1994) evdutcd 
risk reduction opportunities in Ckcca Bay 

expert pmcl to compare thc rdativc risk of 

I fiequtntly used in comparative risk exercises. 

(Lclkc Micbjgan), Wisconsin, employing nn 

scvcnl mssors against heir potential effects. 
Mathematical analysis bscd  on fuzzy set 
thcory was uscd to rmk thc risk f?om each 
ficssor fiom a number of perspectives, 
including degree of immediate risk dmtion 
of impacts, and prevention and remediaion 
managcmcnt. The rcsults servcd to rylk 

based on best professional judgment 
potential cnvironmcntd risks from strcssors 

TcG'Box 5-2. Using Qualitative 
Catcgorics to Estimaoc Riyks of ;IO 

Introduccd Spccics 

The hportcltion of logs fiom Chile r c q r h d  
an wcssmcnt of the risks poscd by the 
potential introduction of the bark becde, 
N y l w p  lignipcrdu (USDA, 1993), Experts 
judged the potential for coloniztticn and 
spread of the species, and their opinions were 
mprcssed 3s high, mcdium, or low as to the 
likclihood of cstablishment (cxposwc) or 
consequential effects of thc beetlc. 
Unccdntics were sitnilaly c.xprcsscd A 
md&g schcmc ws then used to mm the 
individual clemcnts into an o v d l  cstimxc of 
risk (high, rncdium, or low). N m t i v c  
cxplmations of risk accompanied thc overall 
rankings. 

5.13. SinglePoint Exposurc and Effcctu Comparisons 
When suf3icicnt data =e avdable to quantify cxposut and cffccts cdmatcs, the simplesr 

approach for comparing the cstbmtcs is a ntio (figure 5-2a). Typically, the ntio (or quotient) is 
expressed M an cxposwc conccnmtion divided by an effects concenmtion. Quoticnts arc 
commonly used for chcmid  stressors, wherc rcfcrcncc or benchmark toxicity values arc widdy 
a v h b l c  (SCC t~xt box 5-3). 

The principal advmtagcs of the quotient mabod arc tlut it is simple and quick to usc and 
risk ~scssors and m w g m  arc f d l k  With its application. It provides an cfficienf hc.upcnsivc 
means of idcnrifying bigh- or low-risk s i t d o n s  that can allow risk tnXUgCinC!IK decisions to bc 
&de without thc nccd for furrhcr information. 

Quotients have dso bccn used to i n t cp te  the risks of multiplc c h & d  s~~ssors:  
quotients for the individual constituents in a rnivnVc 3 s ~  gcnentcd by dividing ach  c.xposwc lcvcl 
by o corresponding toxicity cndpoht (e.&, LCs0, EC,,,, NOAEL). Although the toxicity of ;I 
chcmicd m L w c  my be g e a m  thyl or less than prcdictcd fiom thc toxicities of individual 
constituents of the ni.xtuc, a quotient addition approach ;~ssumcs that toxicities YC additive or 
opproximcrtcly additive. This assumption may be most applicable when the modes of action of 
&cmicals in ~1 mivture ace similar, but thcrc is evidcncc that cvcn with chemicals having 

c 
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a: Comparison of point estimates '! 

Exposure Stressor-response 
estimate 

(e.g., mean 
cancentra tion) 

estimate 
@*gel G o )  

I 

? 
I 
1 I 
I I 

b: Comparison of a point estimate of a stressowesponse 
relationship with uncertainty associated with an exposure 
point estimate I 

e.g,, uncertainty around UJ 

I mean concentration 

Intensity of Stressor (e,g., concentration) 

Figarc S-2. Risk estimation techniqucs, a. Comparison o f  cxpouurc and 
stressor-response point mharcs.  b. Comparison of a point cstimotc from 
tbc strcsuor-rcuponsc tclationship with uncertainty associated with an 
cxpovurc point cutimatc. 

dissimilar modes of action, additive or nearadditive intenctions are common (Iidncrnrtan, 19S1; 
Brodcrius, 1991: Broderius et d., 1995; Mcrmcns et al., 1984a. b: McCarty and Macby, 1993: 
Sawyer and Sdc, 1985). Howcvcr, caution should be uscd when assuming that chemids in a 

mixture act indepcndcntly of one rtnothcr, since many of the supporting studies were conducted 
with aquatic organisms, md so m3y not be rclcvant for other endpoints, cxposurc sccna.rios, or 
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spccics. When thc nodes of action for 
constituent chcrnicals LUE unknown, the 
assumptions m d  rationale concerning 
c h n n i d  intmctions should be cIcx1y stated 

A nulnba of limitations restrict 
application of the quotient mcthod (see Smith 
and Cairns, 1993; Sutcr, 1993a). While a 
quotient can be useful in answering whether 
risks arc high or low, it my not bc hclpfd to 

a risk manager who net& to makc 3 dccision 
requiring an incrcmcntal qwtifiwtion of 
risks, For cmnplt ,  it is seldom usc+kl tc s;ry 

that il risk midgation approach will reduce B 

quotient value from 25 to 12, sincc t ! s  

reduction cannot by itsclf be clearly 
hterprcted in terms of cffccts on an 
assessmcnc endpoint. 

caused by ddcicacics in the problem 
formulation and ahalysis p h c s .  L For example, 
an LC,,, dcrivcd fiom D 96-hour Iaboratory 
test using constant: cxposurc lcvcls may not be 
appropriate for an wcssrncnt of cffccts on 
reproduction resulting fiom short-term, pulscd 
Cup OSurCS * 

Other limitations of quotients my be d 

Text Box 5-3. Applying thc Quotient 
Mctbod 

When appiying the quoticnt method to 
chcmiwl strcssors, the cffcm conccnmtion 
or dose (c.g., an LC50,LDJo, EC,,, EDfo, 
NOAEL. or LOAEL) is frcqucntly adjutcd 
by unc&nty factors bcforc division into the 
cxposurc number (US. EPA, 1984; Nabholz, 
1991: Urban and Cook, 1986; sec section 
4.3.1.31, although EPA uscd a slightly 
different approach in c h ~ t i n g  the risks to 
thc survival of birds that fongc in a ~ c u l t u r d  
arcas whcx thc pcsticidc granular carbofurvl 
is applied (I4ouseknccht, 1993). In this case, 
EPA calculated the quodcat by dividing the 
estimated cxposurc lcvcls of c a r b o b  
gmnulcs in surfacc sails (numbcr/f?! by thc 
ganulcs/LD,, derived from singlc-dosc avian 
toxicity tests. "'hc calculation yield5 vducs 
with units of LD,dft. It was assumed that o 
higher quoticut vduc corrcsponded to an 
incrcsscd likelihood that J b i d  would'bc 
exposed to lethal lcvtls of gylulv 
wrbofumn at the soil &e, Minimum a d  
maximum values for LD,Je wcrc cstim;ltcd 
for song5irds, upland g m c  birds, and 
wmdowl that my fongc within or n c x  10 
different a n i d t u n l  crops, 

In addition, the quotient method my not be the most appropriate method for predicting 
secondary CECCG (d~bough such effects may bc infmcd). Intmctions and cffc& bcyond w b t  

arc predicted from the simple quotient may be critical to ch;mctcrizhg the full extent of impacts 
from e.xposurc :o the strcssors (e.g,, bionccumulation, euEophhtion, loss of prey spccies, 
o~portunitics for invasive species), 

Findly, in most cues, the quotient method does not explicitly considcr uncertainty (c.g., 
empolation from tcstcd sptcics to the specks or community of concern). Some unccrtahtics, 
howcvcr, can be hcorponrrd into single-point estimates to provide a statement of Uclihood that 
the effcc~s point cstimatc cxceeds the c.uposurc poht csthittc (fiprcs 5-2b and 5;). If cxposurc 
variability is quantified, then the poin~ csthate of cffccts can be compmd With II cumdative 
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\ Intensity of Stressor (e.g,, concentration) 

e& probability that LC,, > mean concentration 

Figure 5.3. Risk estimation tcchniqucs: cornparkon of point cstimntcu with 
associated unccrtninties. 

cxposurc distribution as dcscribcd in text box 54. Further discussion of comparkons bctwccn 
poht cstimtcs of effects and didbutions of cxpasurc my be found in Sutcr et d, 1983. 

In vim of thc advantages and limitations of rhc quotient m d o d ,  it is important for risk 
assessoi~r~ to consider the points listed below when tvaltucing quotient method Cstimatcs. 

How does the effect conccnmtion Elate to the assesrncnt endpaint? 

What cxtmplation~ xc involved? 

How docs thc point cstimatc of cxposurc rclatc to potential spatial and tcmpod 
vxhbility in exposure7 

Arc data suffkirnt to providc confidcncc intervals on thc endpoints? 
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I 5.1.4. Cornparkom Incorporating thc 
En tire Strasor-Rcuponsc Rcli tionship 

the magnitude of response is available. thcn 
risk e,.timation can cvamine risks associated 
with m y  diffmt ftvels of eqosurc  (fiprc 
54). These estima1cs arc pydcularly uscful 
when the risk iLSScssmCnt outcome is not 
based on cxccedancc of o prcdctcrmined 
decision rule, such as ;L toxicity benchmark 
level. 

There arc advantages and limitations 
to compmhg a strcssor-response c w c  with 
an exposure distribution. The slope of the 
effects c u m  shows the magnitudc of changc 
in effects asociatcd with inccmcntal changes 
in c.qosure, and the capability to predict 
changes in the magnitude and likclihood of 
cffccts for 
uscd to compare different risk mauagcmcnt 

incorpontcd by calculating uncertainly 

I 

If a w c  reiating tbe stressor ~ e v c ~  to 
I 

exposurt scenarios can be 

options. Also, uncertainly m be 
I 
i 

~~ 

T a t  Box 5-4. Comparing an Exposurc 
Distribution With B Point Estimutc of 
Effccru 

RIC EPA Officc of Pollu$on Rcvcntion and 
Toxics uscs 3 Probabiliszic Dilution Model 
(PDW) to gcncntc ;I distribution of daily 
avml;e c h m i d  conccnmions based on 
estimated variations in strcrun flow in a model 
systm. The PDW model comparcs this 
exposun: distribution with an aquatic toxicity 
test endpoint to csthntc how many days in a 
I-year period tbc endpoint conccntration is 
mcecdcd ( k b h o l z  et de, 1993; U,S, EPA, 
19SSb). The hquency of cxceedancc is 
based on the duntion of the toxicity test used 
to derivc the cffccts endpoint, Thus, if the 
endpoint w s  ;u1 acute toxicity Ievel of 
conccrn, i u ~  excccdanct would be idcnt5ed if 
the level of concern was excecdcd for 3 h y s  
or morc (not ncccssarily coasccutivc). fhc  
exposure cstimattcs arc consmative in, that 
they ;Issumc ~ m t ; m c o u s  mixing d t h c  
chemical in the water column and no losscs 
due to pliysical, chcmical, or biodegradation 
cffects. 

bounds on the stressor-rcsponsc or exposure estimates. Comparing exposure and mssor- 

mabod, howcvcr, limitations from thc problem formulation and d y s i s  phases may limit the 
utility of the results. Thcse limitations my include not fully considering scconday e f fm,  
assuming rhe eqosurc pattern uscd to derive &e stressor-response CUNC is compmblc to the 
cnsironmentd cxposure pattern, and faitux to consider unccrrak~ties, such as c.xtmpolations born 
tested species to the species or community of conccm. 

I 
I mponsc curves provides a predictive abiliry lacking in the quotient rncthoit. Like the quotient 

I , 

5.15. Comparisons Incorporating Variability in Exposure andor Eflccnu 
If' the exposurc or stressor-responsc profiles dcscribr thc variability in cxposurc or effects, 

then many diffcrcnt risk estimates cm bc calculated, Variability in c,yosuc can bc used to 
estimate risks to moderately or hifly exposed members of ;I population king invcsdgated, while 
variability in effects an be used to c b t e  risks to avmgc or sensitive population 
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Figure 5-1. Risk cvtimntion technique: strmsor-raponzrc CUNC versus a cumuhtivc 
distribution of cxpouurcs. 

members. A major advantage of this approach is its ability to prec!ict cbangcs in the mpitudc 
and likelihood of effects for djffcrcnt cxposurc scenarios and thus provide ;I means for comparing 
differtnt risk mmgcmcnt options, h notcd abovc, comparing distributions also allows one to 

identify and qamtie risks to different scpcnts  of the populatioa Limitations include the 
incrtsed data r cqkmen t s  compared with prniously described tcMques and the implicit 
assumption that the f d l  range of vuiability in thc cxposurc md effects data is n d c q ~ l y  
rcprescntcd. As with the quotient method, sccondruy effccts arc not readily evaluated with this 
rcchniquc. Thus, it is dcshblc to corroborate risks estimated by distributional comparisons with 
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field studies or othcr lirics of evidence. Text 
box 5-5 and figure 5-5 illusmtc the use of 
cumulative cxposure and cEects distributions 
for ~ ~ t h ~ t i n g  risk. 

51.6. Application of Process Modclv 
Process rnodcls arc mathematical 

expressions &,st rcprcsent our understanding 
ofthc mcchdstic opcntion of o sysTcm under 
evaluation, They can be useful tools in both 
analysis (see scction 4.1.2) and risk 
chancteriz;ltion. For illustcxivc purposcs, it 
is useful ro disigujsh between analysis 
process models, which focus individually on 
either exposurc or effects evrtlutions,  id risk 
estimation process models, which intcgntc 
cxposurc and cffccts information (SCC test bos 
5-6). The sscssmcnt of risks Elssocistcd with 

long-:cm changes in hydrologic conditions in 
bottomland forest wctlands in Louisiana using 
the FORFLO model (Appendk 0)  linkcd the 
attributes and plocemcnt of levees and 

(cxposurc) with changes in forest community 
strwurc and wildlifc hbimt suiubility 
(cffccts). 

A major advmogc of using process 
models for risk estimation is the ability to 

considcr ''what i f '  scenarios and to forccast 
beyond thc limits of obscrvcd dab that 
c0mm.b tcchniqucs b s c d  solely on cmpiricnl 
data. The proccss modcl cm also consider 

' comsponding wtcr  lcvcl mcsurcrncnts 

Text Box 5-5. Comparing Cumulativc 
Exposurc and Effccts Distributions for 
Chcmicnl S t r c ~ o m  

Exposurc distributions for chemical strcssors c3n 
bc compand with cffccts dimiutions dcrivcd 
from point estimates of acute or clironic toxicity 
valuer for diffcrcnt spccics (c,g., HCN, 1993; 
Cardwcll ct at., 1993: Bakcr ct PI,, 1994; Solomon 
ct at., 1996). Figure 5-5 shows a distribution of 
cxposurc conccnmtions of M herbicide conipared 
with singlc-spccics toxicity dam for algsc (and onc 
vascular plant spccics) for the m e  chcmical. 
The d c p c  of overlap of the curvcs indiwtcs thc 
likclihood that ;1 cemin pcrcentagc of spccics may 
bc advcrscly dfccrcd. For cuamplc, figurc 5-5 
indicatcs that thc 10th centilc of algal spccics' 
EC, valucs is cxcccdcd lcss than 10% oftlic time, 

The prcdictivc vnluc of this approach is cvidcnt. 
Tlic dcgcr  of risk Eduction that could bc 
achicvcd by CtlangM in cxposurc asswinred 4tli 
proposcd risk mitigation options c3n bc rcadily 
dctcrmincd by comparing modified cxposurc 
dihbutions with the cffccts disrribution cuwc. 

Whcn  using cffccts distributions dcrivcd from 
singlc=spccics toxicity d a k  risk 11sscsso~s should 
considcr thc following qucstions: 

Docs the subsct of  spccics for wliich taxicity 
test dnm ;uc available rcprcscnt the m g c  of 
spccics prescnt in hhc mvironmcnt? 

Arc pnrt~cululy scnsitivc (or insensitive) p u p s  
of organisms reprcscntcd in thc distribution? 

If ;1 critcrion lcvcl is sclccted-q+, protect 95% 
a1'specics-dots tlic 5% of potcntinlly nffcctcd 
spccics includc organisms of ccologiwl, 
comnrcrcinl, or rccrcational signi ticnncc? 

scconrhy effects, unlikc uthcr risk cstirnation tcchiqucs such as thc quoticnt mcthod or 
comparisons af cxposurc and cffcct disaibutions, In addition. somc process models rn forccast 
the combined cffccts of 
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Fiprc 5-5. Risk estimation tcchniqucs: comparison of cxposurc distribution of 
an herbicide in sudacc waters with frcvhwiter singbspccia toxicity daw See 
tcxt box 5 4  for furthcr discussion. Rcdmvn from Baker ct al, 1994. (Ccntilc 
nnkv for specim LC5 dara wcrc obtaincd using thc formula (100 x nl[N+l]), 
whcrc n iY thc rank numbcr of the LCs and IV is the totnl numbcr of data points 
in the sct; adapted from Pnrkhurst ct nl,, 1995). 

multiple stressors, such as thc cffects of multiplc chcmicds on fish population susrainabiliv 
(Banthouse et af., 1P90). 

Proccss model C U ~ ~ U ~ S  may bc point estimates, disrributions, or correlations; in dl CZCS, 

risk xsessors should htcrprct them with care. They may imply tl higher lcvcl of ccrt;linty than is 
appropriate and arc all too often viewcd withour sufficient ancntion to underlying assumptions, 
The lack of knowledge on basic life historics for many spccics and incomplcrc knowledgc on the 
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s t r u c ~ n  and function of ;L particular 
ecosystem is oftcn lost in the model output. 
Sincc proccss models arc only as Sood 11s the 

assumptions on which 'Lhcy are bascd, thy 
should bc rreatcd 3s hypothetical 
rcprcsenmtions of r d i t y  until appropri;ltely 
tcsted with empirical ht3, Comparing model 
results to field data provides a check on 
whether our undcrstlnding of the system was 
correct (Johnson. 19?S), particularly with 
respect to the risk hypothcscs prcscntcd in 
problem fornulation. 

5.2. RISK. DESCRIPTION 
Following preparation of the risk 

cstimate. risk ~scssors need to intcrprct and 
discuss the available information about risks 
to thc asscssmcnt cndpoints. Risk description 
includes an evaluation of the lines of evidence 
supporting or refuting the risk esrimatc(s) and 

~. ~ 

Text Box 5-6. Estimnlkg RiYk With 
Proccsv Modcls 

Models that intcgratc both ezc'poswr and 
cffects information cm bc uscd to cstimatc 
risk During risk esdmation. it is important 
that bo& thc strengths ad timimtions ofo 
proccss model appronc! bc highlighted. 
Brody ct d. (1993; sce Appendix 0) linked 
rwo process models to i n t cp tc  cxposurc and 
tffm information and forecast spatial and 
:cmporal changes in forcst communities and 
tl~cir wi.ldliFc habitat vduc. While tlic models 
WEE uscful for projccting long-tmn effects 
based on an understanding of thc underlying 
rncchvlisms of change in forcst communities 
and wildlife habiDs thcy could not evdutc 
311 possible strcssors of concern and werc 
limircd in the plant and wildlitc specics tlicy 
could consider. Understanding both thc 
strength and limitations of models is cssenthl 
for accwtcly rcptacnting the ovcrall, 
confidence in h e  asscssrncnt. 

an intcrprctauon oftht  sign5cice of the advcrsc cffcca on the asscssmcnt cndpoints. During 
the d y s i s  phase, the risk ;Lssessor may have csmblished thc relationship h e e n  the wcssmcnt 
endpoints and measures ofcffcct md asocintcd lincs of cvidcncc in quantifiable, eaily described 
:crms (sed011 4.3.1.5>. If not, thc risk asscssor cm relate the avdablc lines of cvidcncc to thc 

sscssment cndpoints using qualitative links. R C ~ ~ ~ C S S  ofthc risk &ation technique, the 

technical m t i v c  supporhg the risk estimate is as important as the risk &te itself. 

52.1. Lincs of Evidcncu 
The dcvclopment o f  lines of evidence provides both a process a d  a framework for 

rcaching ;l conclusion regarding confidcncc in the risk cstimatc. It is not the kind of proof 
demanded by cxpcrimendists (Fox, 19915, nor is it o rigorous csmination ofwcights of 
evidcncc. (Note that the term "weight of evidence" is somcthcs uscd in lcgd discussions or in 
other docurncnts, cg,, Urban and Cook, 1956: Mienzie et d,, 1996.) Thc p h c  Iincs ofuvidcncc 
is used to de-emphasize the bducing of opposing factors bmcd on assignment of quantimtivc 
values to r c x h  a conclusion about o "wwcight" in favor oFa morc inclusive approach., which 
evalutcs all mailable information, cvcn evidence that may bc qualimtivc in m ~ .  It is important 



that risk llsscssors provide n thorough rcprcsentadon of all lines of cvidtncc devclopcd in the risk 
assessment nthtr than simply reduce their hterprctation and description of thc ecological effects 
that may result fiom cxposurc to sttcssors to ;L sysscm of numeric calculations and rcsults, 

Confidence in the conclusions of a risk assessment my be hcrcmed by using scveral h c s  
of evidence to interpret and cornparc risk cstimrrtes. These tines of evidence may be derived fbm 
dZfercnt sourccs or by different tcchiqucs rclcvmt to odvnsc cffects on thc uscssment 
endpoints, such as quotient estimates, modc!ing results, or field observational studics. 

There arc thr tc principal categories of factors for risk ~scssors to consider whcn 
evaludng lines of evidence: (1) dcquacy and quality of data, (2) dcpec and type of u n c c h t y  
associated with the cvidcnce, md (5) relationship of the cvidence to the risk sscssmcnt questions 
(set also sections 3 and 4). 

Data q d t y  dircctly influences how confident risk ~ s c s s o ~ s  can bc in thc results ofs 
smdy and conclusions they may draw from it. Specific concerns to consider for individual lines of 
evidence include whether the rxpcrimenul dcsign ww appropriaic for thc qucstions poscd in a 
particular sntdy and whcther &t3 quality objectives W C ~ C  clear and adhcrcd to. An evaluation of 
the scientific undersanding of natural variability in the attributes of tlic ccological cntitics under 
cmsidcntion is important h drtc.m.hing whether t hee  were sufficient data to satisQ the analyses 
chosen and to detennhc if the ;uldyscs were sufficimatly sensitive and robust to idcntie strcssor- 
caused perturbations. 

linc of cvidcncc. Occ major sourcc of u n c c d n t y  comes from ecctnpo!xions. Thc grcatcr thc 
number of cmpolations, thc more uncc rh ty  introduccd into a study. For cwnplc, wcrc 
c.utnpohtions used to infer cffccts in one spccics from another, or from o ~ l c  tcmporal or spatial 
scdc to mother? Were conclusions dnwn from empolations from Iabomtoy to ficld effects. or 
were ficld cffccts infccrcd from limited infomadon. mch 3s chcmid  structure-activity 
relclrionships? Were no-cffcct or lowcffcct lcveb used to address likclihood of cffccts? Risk 
3ssessors should considcr thcsc and my othcr sourccs ofunccrahty whcn c d u t i n g  thc rclativc 

Dircc~ly rclatcd to data quality issucs is the cvalution of the relative uncc6.ntics of each 

imporancc of particular lines of cvidcncc, 
Finally, how dircctly lines of cvidcnce relate to the quckons asked in thc risk scssmcnt  

may Octcrminc thcir rclauvc impomicc in tcrms of the ccological cntity and the attributes ofthc 
assessment endpoint. Lincs oicvidcncc dircctly rcllrtcd to the risk hypothcscs, m d  thosc that 
csmblish ;1 causc-and-cffcct reliltionship based on a dcftnitive mechanism ntbcr than associations 
done, arc likely to bc of pcatcst importancc. 

Thc tvalution process, howcvcr, involvcs murc thm just listing the cvidcncc that 
supports or refutes the risk estimate. Thc risk assessor should cuefully emmine cnch factor mc! 
evaluate its conmbudon in the context ofthc risk asscssrncnt. Thc impomcc of lincs of 
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cvidcncc is that each and every factor is dcscribcd and intcrprcted, Data or mdy resula arc often 
not reported or carried forward in the risk assessment because thy arc of insufficient quality. Lf 
such data or results arc elimimtcd from the evaluation proccss, howcvcr. valuable information 
my bc lost with rcspect to nctded 'mprovcments in methodologics or recommendations foe 
further srudics. 

(sce text boxes S-1 and 5 - 3 ,  field studies and quotients. Both approaches xc relevant to the 
assessment endpoint ( swivd of birds that fonge in agicuitural a c u  where carbofuran is 
applied), and both arc :elevant to thc wposurc scenarios dcscribcd in the conceptual model (see 

f i p c  D-I), The quotients, howevcr, YC limitcd in their ability to express increnentd risks (q,, 
how much greater risk is expressed by a quotient of '2" vcrsus a quotient of "P), while h c  field 
srudics bad some dcsign flaws (see text box 5-1) Ncvcrthcless, because of the strong cvidcncc of 
causal relationships from thc ticld studies md consistency with the laboratory-dcrivcd quoticnt, 
coniidence in ;I conclusion of high risk to the ustssrnent: endpoint is supported. 

investigate possible reasons for my disagreement nthcr than ignore inconvcnicnt evidence. A 
starting point is to distinguish bcnvcen true inconsistencies and those relatcd to differences in 
statistic31 powers of dctcction. For cxunplc, a model may predict adversc tffccts that w r c  not 

observed in B ficld s m e y .  Thc risk ;Lsscssor should ask whether rhc e.uperimmtd design of the 
field study had suffkicnt power to dctcct the predictcd diffcrcncc or whcthcr tbe endpoints 
m e a e d  wcrc compmble witb those used in the rnodcl. Convcrscly, the rnodcl may lime bccn 
unrealistic in its predictions. while itendon ofthc risk ascssment proccss and collection of 

As il c a c  in point, consider the two lines of cvidcncc described for thc ccubofmn example 

Sometimes lines of evidence do not point toward thc same conclusion, It is i?~po~t;~' l t :  to 

additiod data my help resolve uncertainties, this option is not always avaihblc, 
Lines of evidence that are to be cvalwtcd during risk characterkition should bc defined 

cxly in thc risk assessment (during problcm fornulotion) through the dcvclopment oftllc 
conceptual model and selection of assessment endpoints, Further, thc analysis plan should 
incorpor;ltc me3surcs that will contribute to the intcrprcution of thc lines of evidence, including 
methods of reviewing, analyzing, and smar iZ ing  thc unccrcainty in thc risk assessment 

Also, risk ascssmcnts often rely solely on labontory or in situ bioassays to uscss odvcrsc 
cffccts that may occur 51s D rcsul: of c;uposurc to SVCSSOR, Although thcy may not be mmifcstcd 
in the field. ecological cffccts demonmtcd in thc laborrtoty sIiould not be discounrcd as B linc of 
cvidcnce, 

S.22. Determining Ecological Advcrsiv 

have been csdnated and the supporting lincs of cvidcncc cvaiuatcd. Tbe ncxt ~ I e p  is :o htcfprct 
At this point in risk chmctcrhtion, thc changcs mpcctcd in the assessment endpoints 
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whether thcsc changes 
represent changes that arc undcsinblc becwsc they altcr vducd mctunl or Euncriod attributes 
of the ecological entities under consideration. The risk assessor evdluatcs the d c g c  ofadvcrsity, 
which is often a difficult task ;md is frtqumtly bmcd on thc risk assessor's profcssiond judgment. 

When thc rcsults of the risk wcsment uc discussed with the risk m m g c r  (section 6). 
other factors, such ;IS thc economic, Icgd. or s o 4  conscqucnces of ecoiogicaf damqc, should be 
considered. The risk manager will use dl of this information to dctcrminc whrthcr a p m i d a r  
adverse cffcct is acccptable and may dso fmd it useful whcn communic3ting thc risk to intmsrcd 

The followkg arc critcria for evaluating advcrsc changcs in assessment cndpoints: 

considercd ndvmc, Advcrsc ecological effecti, in this context, 

parties, 

Nature of effects and inrcnsiy of effects 
Spatial and tcrnpod scdc 
Potential for rccovcry, 

The r x m t  to which the criteria YC cvaluated dcprnds on tlic scope aid cornp1exicit)l of she 
risk L1sscssment. Undcrstuldir,g the undcrlying assumptions and sciencc policy judgments. 
howcvcr, is important even in simple CSCS, For cxmpic, whcn c x c e e ~ c c  of o previously 
established dccision d e ,  such as II benchrnxk srrtssor lcvcl, is used irs evidcncc of adversity (c.g.. 

see Urban and Cook, 1986, or Nabholz, 19911, thc reasons why this is considctcd cdvcrsc should 
be clcxly understood. h addition any cvduation of adversity should c x m h e  all relevant 
cntcrk since noce arc considered singuIarly dctcmimtivc. 

To distinguish adverse ccological changes from those within the normal pattern of 
ecosystem variability or those resulting in little or no significant dtention of biota, it is important 
to consider thc mrurc and intcnsity ofcffccts. For cuamplc, for an assessment endpoint involving 
survival, growh, and reproduction of o species, do prediacd cffects involvc survival and 
rcproduction or only growth? If suhrival of offspring will be affected. by whzt perccnngc will it 
m h ' !  

Y 
c 
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, 
I It is imporcant for risk wcssors to 

consider both the ccologid and statistical 
ConteXtS of an cffcct when evaluating 

intensity. For cxmple, a statistically 
significant 1% decrcac in fish growth (sce 
tcxt box 5-7) may not be relevant to an 
assessment endpoint of fish ppulatian 
viability, and P 10% decIine in nproduction 
may bc worse for a population of slowly 
reproducing trees than for rapidly reproducing 

Nrrturd tcosystcm variation can makc 
planktonic algnc. 

it very difficult to observc (detcct) sucssor- 
related pcrmrbotions. For cumpic, natural 

*. . ,* *,." v .  , .  

Tcxt Box 5-7. What Arc Shtisticdly 
Sigdimnt Effects? 

Stdsticd tcshg is the "stitistical proccdure 
or dccision rule that IcxJs to establishing the 
tmth or falsity of P hypothesis . . ," (Alder 
and Roessler, 1972). S ta t i s t id  SiGnifiCvlcc 
is based on thc number of &ti points, the 
mturc of their distribution, whcthcr 
intcrtratmcnt variance CYCCCdS 
ints3trc;lment varimct in thc data, and the a 
priori significance Ievcl (a). Tic types of 
statistical tests and the appropriatc protocols 
(c.g., power of test) for thcsc tests should be 
mblished as p y t  of the analysis plan during 
problem formulaion. 

fluctuations in makc fish populations arc oftcn large, with intra- and in temual  variability in 
popuhtion levels covering scvcnl orders of mgnitudc. Furthcmorc, cyclic events of vuious 
periods (e.&., bird mipition, tides) arc very h p o m t  in nm.rd systcms a d  may mask or delay 
strcssor-rcl;rtcd effects. Prcdicthg thc effects of mthropogcnic stmsors against this background 
of variation can be vcry difficult Thus, a lack of statistically si@cant cff"cts in a field study 
docs not automatically m e a  that advcrse ccologicd effects arc absent Rdm, risk L~SSCSSO~S 

should then consider other lints of cvidcnce in reaching their conclusions. 
It is also important to consider thc location of the effect within the biological hicmchy 

and the mcch;laisms that my result in c c o l o ~ d  chmgcs The risk ;1sscssor may rely on 
mechanistic qlatx-ttions to describe complm ecolog.icd brmctions and t l ~ c  resulting effects that 
othchvisc may bc masked by variability in the ccologid components. 

The boundaries (global, landscape, ecosystcm, organism) of tbe risk msmmcnt rn 

initidly idcntiiicd in the analysis plan prcparcd during problem formulation. Thex spatid and 
temporal scdcs YC further dcfmcd in the analysis p k c .  whcrc specific e;uposure and cffccts 
scenarios YC cvdmtcd. Thc spatial cbcnsion acornpasses both thc extent and partcm of effect 
as well as thc contcxt of the cffcct within thc luldscapc, F x ~ o r s  to consider hcludc the absolute 
area affected, thc w e n t  of critical hbitats ;Iffcctcd compared with o l q c r  am of intcrcs and 
the role or usc of thc affected area Witbin the IulQape. 

Advcrsc effects to mcssmcnt endpoints vary with h e  absolutc m a  of thc cffcct. A f q c r  
aec tcd  area may bc (1) subject to a grcatcr number of other s~cssors, increasing the 
complications from stressor intemctions, (2) morc likely to contain scnsitive species or habitats, or 
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(2) more susceptible to hdsmpc-lcvtl changes because m y  ccosystcms may be dtcrcd by the 
stTcssots. 

Xcvertbelcss, a smaller yea of cffcct is not always mocinted with lower risk Tlsc 
function of 1u1 area within thc landsape may be more important thm thc absolute XCL 

De,.trucnon of small but unique ares, such as criticd wctlmds, may have i m p o m t  cffccts on 
local and regional wildlife popul;ltions, Also, in nvcr system, both rjfflt and pool YCS provide 
i m p o m t  microhbitau that maintain the structure and function of the total rive: ecosystem. 
Stressors acting on these microhabitats may rcsult in adverse effects to the entire systcm, 

Spatial factors arc important for many specks bcwuc oE the lhhgcs between ecological 
Imdscapcs and population dynmks.  Link3gcs bcwecn landscapes can provide refuge for 
dfcctcd populations, and orgYlisms may require corridors between babiut patches for succcssful 
mipt ion 

The tcrnponl scale for ccosperns can vary from seconds (photosynthesis, p rokqo t i c  
reproduction) to cennvies (global climate change). Chmgcs within B €ores ecosystem un occur 
p a d d y  ovcr decades or centuries and may bc affcctcd by slowly changkg cx~mal  factors such 
as c l i n ~ e .  Whcn intcqxeting odvcrsity, risk ssessors should rccognizc that rhc t ime scale of 
stressor-induced changes opentcs within thc contcxt of multiplc natural time scales. In addition, 
tcmpod rcsponscs for ccosystcms may involve intrinsic time Iags, so rcsponscs to II smssor may 
be delayed. Thus. it is important to distinguish a smxsor's long-term impscts from its 
inmediately visiblc effects. For cmplc .  visible changes resulting fiom eutrophication of aquatic 
systems (turbidity, cxccssive mmophytc growth, population decline) m y  not becomc evident for 
many ywrs Aer initial incrcstses in n u ~ c n t  Icvels. 

recovery. Recovery is the nte and extent of r e m  of a popdntion or community to somc aspect 
of its condition prior to a stressor's introduction, P l c  this discussion deals with recovery as a 
result of processes, risk mitigation options may include rcstondon activities to facihtc or 
spccd up the tccovcry p:occss,) Bccauc ecosystcm are d y d c  and, cvcn under n a n d  
conditions, constantly chmngiig in rcsponsc to chmgcs in the physicd cnviroruncnt (c,g,, weather, 
natural disturbances) br other factors, it is wealistic to expect that il system will remain static at 

somc level or i C M  :O e.u;lctIy the same Stllte that it W;LS bcforc it W ~ S  disturbed (Landis et al,, 
19951, Thus, the attributes of a "rccovcrcd" system should be c;rtcfully dcfined. Examples might 
include productivity declines in a eutrophic systm, rccmblishment of a species at a p h c d ~  
density, species rccolonhtion of a druTlagcd habitat. or the restontion of health of discascd 
orgasism. The Agency considercd the recovery ntc of biological comm&tia in streams and 
rivers fiom disturbances in sctdng excctbnce fkquencies for chcmkd  stressor^ in wastc 

Considcxbg tbc tempord scale of adverse cffects leads logicdly to a considcntion of 

effluents (US EPG 199:). 
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Recovcxy can be cvdwtcd in spite ofthc dit36cuIty in predicting cvcnts in eco10gid 
systems (c.g., N i d  et d., 1990). For rxynplc, it is possible to distinguish cbulgcs that arc 
d y  reversible (c.g,, s & e m  rtcovcry fiom s m g c  cfflucnt discharge), frequently irreversible 
(e.g., cmblishmtnt of introduced spccits), and always irrcvcrsiblc (c.g., c?ctinction). Risk 
3sscssors should considcr the potential irrwmibility of significant strucwd or functiond chmgcs 
in ccosysrcms or ccosystcm components whcn wdwting ndvcrsiry. Physical altcntions such 3s 
deforestation in the coastal hills of Vcncmcla in recent history ad i? Britain during tbc Neolithic 
pcriod, for m p l c ,  changed soil structure and seed SOUTCCS such that forests c w o t  cs i ly  grow 
again (Fisher and Woobnanscc, 1994). 

Thc relative n te  of rccovery cm also be cstimntcd. Fur imtmcc, 6sh populations in a 
meam are likely to mover  much fs tc r  born exposun: to ;L degradable chemical than from habiut 
alterations resulting kom stream c b c l h t i o n . .  Risk MSCSSO~S an usc howlcdgc of factors, 
such as the ternpod scales of orgdsms' life histories, the availabiliry ofndcqwtc stock for 
rccruitmcnt, and the inrcrspccific and trophic dynamics of thc populations, in cvduring the 
reladvc ~ I C S  of rccovq.  A fisheries stock or forest might rctovcr in dcmdcs, il bcnthic 
hvcrtcbntc community in YC;LIS* and D pl;mktonic community in wccks to months. 

recovcry from antbropogenic SISCSSOIS. Altmtivt ly ,  i fm ccosystcm has bccomc xlaptcd to a 

~ 

Risk 3ssessors should note nm.d disturbvlcc pattcms whcn cvduting the likelihood of 

disturbance partcm, it may be affected whcn the disturbance is removed (c.g.. fitc-rnahahed 
gnsslands). Thc lack of mtud &ogi nakcs it difficult to predict rccovcry from uniquely 
antbropogcnic mssors (e.&,, synthetic chemicals), 

cEects, spatid and ternpod scales, and rccovcxy) might be uscd in cvdudng two clcmup 
options for a marine oil spill. This exynplc dso shows that rccovay ofa system dcpcnds not only 
on how quickly P srrcssor is removed, but also on how thc clcnnup efforts themsclvcs deet thc 
rccovcrj. 

Appendix E illustrates how thc criteria for ecological adversity ( n a m  and intcnsity of 

53. REPORTING RISKS 
Whcn risk ch;mctchtion is complete, risk ssessors should be ablc to csthatc 

ecologicd risks, indiatc the ove.dl dcgcc of cod,dcnce in the risk estimntcs, citc lines of 
cvidcncc supporting tfic risk csdmztcs. and interpret the adversity of ecological cffccts, Usually 
this information is bcluded in o risk uscssment report (sometimes rcfcrrcd to as 3 risk 
charccterhtion report because of the inteptivc mmc of risk chmcteriz3tion), While the 
breadth of ecological risk usessmcnt prccludts providing a dctailcd outline of reporting elcmcnts, 
the rkk wcssor should consider thc elements listed in tcxt box 5-8 when preparing ;L risk 
asscssmcn: report. 
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Like thc risk ssscssmcnt itsclf, a risk ascssmcnt report may be brief or cxtcnsivc, 
dcpcnding on the nature of and tlie resources av;Lilablc for thc sscssmcnt. While it is important 
to address thc clcmcnts described in t c s  box 5-8, risk 3sscssops should judge dic lcvcl of detail 
rcquired. The report need not be overly 
complex or lengthy; it is most important that 
the information required 10 support ;L risk 
maagemat  decision bc prcscntcd clcarly and 
concisely, 

is critical that the risk assessment rcsults arc proi 
presented. Agcncy policy requires that risk 
ch;mcrctiz;ltions be prcparcd "in o m m c r  
that is charr, tronspurcnr. reasontlblc, and 
consisrcnt With otha risk charactcriz3tions. of 
similar scope prcpucd 3c:oss prognms in the 
Agency" (US EPA, 1995b). Ways to 

achieve such chmctcnstics ate dcscribcd in 
text box 5-9, 

prepared, thc results are discussed with risk 
manogcrs. Section 6 providcs infomation on 
communication between risk ~ s c s s o r s  and 
risk managers, dcsscribcs the uc of the risk 
assessment in a risk mmagcmcnt c o n t w  and 
bdcfly discusses communication of risk 
sscssrncnt rcsufrs $om risk mmnagcrs to 

intctested partics and thc gcncd public. 

To facilitate mum1 undcmding,  it 

After thc risk assessment report is 

rcxt  Box 5-S. Possible Risk ksscssmcnt 
Rcport Elcrncnts 

Dcscribc risk mcssor/risk manager 
p l m i n g  results. 

!y Review tbc conccptllal model and thc 
wscssrncn t endpoints. 

Discuss the major d30 sowccs and 
analytical proccdurcs uscd. 

Rcview thc stressor-rcsponsc and cxposure 
pro fi ICs, 

Describe risks to thc uscssrncnt cndpoints, 
including risk cshotcs  and adversity 
cv31utions, 

Rcvicw and surmtlariZC major arms of 
cnccminty (as wcll as heir direction) md 
the approochcs uscd to addtcss thcm. 

t Discuss thc d e p c  of scientific 
1 

consensus in key arcs of uncertainty. 

. Tdcntify major d n n  gaps and, when 
qxopriate,  indicrce whcthcr gathering 
additional d3ta would add signifiwntly 
to the o v ~ d l  confidence in thc 
asscssmcnt results. 

Discuss science policy judgments or 
dcfmlt assumptions used to bridge 
hf.orrnarion gaps and tix basis for thcsc 
&ssumptions, 

Discuss how the elements of 
quntit3tivc uncertainty analysis arc 
crnbeddcd in the estimate of risk 
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'cxt Box 5-3. Clcar, Tnnupnrcnt, RcauonnbIe, .and Conshtcat Iiiyk Clzarrctcrirxttions 

'or clarity: 

Be brief; avoidjargon. 

Make language and organization u n d t m d a b l c  to risk managers and thc informed lay 
person, 

Fully discuss and explain unusunl issucs specific to ;I particular risk assessment. 

'or tnnspnrcncy: 

Identify the scicnt5c conclusions scparately fiom policy judgments, 

Clcarlrly dcu la re  major differing viewpoints of scicntifc judgments. 

1 D e h e  and explain thc risk asscssrntat p q o s c  (cog,, rcplatory puposc, policy analysis, 
priority scning). 

b Fully explain aswmptions and biases (scicntifk and policy), 

?or rcmonnblcncss: 

I n r e p t c  all components into an o v d  conclusion of risk that is complete, b€omtive, 
and useful in decision makhg. 

Acknowledge unccrtahtics and assumptions in o forthright manner, 

Describe key data 11s cxpcrimental, mtc-of-t!c-ar& or g c n d l y  accepted scicntiiic 
knowlcdgc. 

Identify rcasonablc dtcmtivcs and conclusions that can be dcrivcd from the daa 

Define the lmcl of cffort (cas,, quick scrccn, extensive characterization) dong with the 
rcmn(s) for sclccting this lcvel of effort, 

Explain the stiltus of pcm review, 

For consistcnq with othcr rirk chnmctcrhtions: 

Describe how the risks poscd by onc SCT of strcssow comparc with the risks poscd by a 
similar strcssor(s> or sirnilas cnvirommtal conditions, 

Indicate how tiic strtngtb and limitations of the asscsment compare With p3st 

0 

5 
3 

111 



6. R E L A T ~ G  ECOLOGICAL MFORMATION TO 
RISK MASAGEMEPIT DECISIONS 

M e r  chanctcrizing risks and prcpuing ;I risk uscssmcnt rcport (section S), nsk uscssors 
discuss the results with risk m m g c r s  (figurc 
S-1). Risk mmagcrs uc risk asscssmcnt 
results. along with other factors (c,g., 
economic or legal conccrns), in making risk 
management decisions and ;IS 3 basis for 
c o m u n i c a h g  risks to interested pmies md 
the gencral public. 

Mutual understanding bcwccn risk 
U S ~ S S O ~ S  and risk rnrulagcrs rcgarding risk 
ascssmcnt results can be fxiiinted if thc 
qucsrions listcd in tcxt box 6-1 uc addressed. 
Risk musgcrs nccd to know h e  major risks 
to assessment endpoints and have rn idc3 of 
whether the canclusions arc supported by 3 
large body o f d m  or ifthere x c  significant 
data gaps, InsuScicnt rcsourccs, lack of 
comcnsus, or othcr factors may preclude 
preparation ofa detailed and wcll-documcntcd 
risk clmctcrization. If this is the c s c ,  the 

risk ascssor should cicarly articulate my 
issucs, obstxlcs. rrnd corsectablc dcficicncics 
for the risk manager’s considcmtion. 

In making decisions regarding 
cco1ogicd risks, risk managers considcr other 
information, such M social, economic, 
political, or legal issucs in combination with 
risk Lsscssmenr results, For cxmple, tlic risk 
asscssrnmt rcsults may br: uscd as part of an 
ecological cost-bcnciit analysis, which may 
rcquirc translating resources (identified 
through thc asscssment endpoints) into 
monetary valucs, Traditional cconomic 

Text Box 6-1. Quc.utions Rqprding Risk 
Asscmmcnt Rcsult!i (Achptcd From US. 
EPA. 1943c) 

Qucvtions principnlly for risk ~ S S C S S O ~ S  to 
ask rhk rnonugcru: 

Arc thc risks sufficiently wcll dchcd (and 
dnm gaps small enough) to support fl  risk 
management dccision? 

Was thc right problem Imalyzcd? 

Was the problcm 3dcquarcly 
c hmct crized? 

Questions principally for risk rnnnagcrs to 
ask risk ZSLS.YCSS~I?I: 

What effccts might occur? 

How advcrsc arc the effects’? 

How likely is it tbat effects will occur? 

. When and where do thc cffccts occur? 

. How confident are you in the conclusions 
of the tisk assessment? 

. What arc thc critical dam gaps. and will 
information be available in the near future 
to fill these gaps? 

B MC more ecological risk assessment 
iterations rcquircd? 

How could monitoring hclp cvdu tc  thc 
K C S L ~  of the risk r n ~ g c m c n t  dccision? 



considerations may only partially addrcss changes in ecological resources that arc not considered 
commodities, htcrgacntiond ~CSOUTEC values. or issues of long-term or irrevnsiblc effects (US. 
EPA 19953: C o r n  et d,, t 997); howrvcr, they may provide 3 m c m  of comparing the results 
of the risk assessment in commensmtc Units such ;IS costs. Risk m g c t s  may also consider 
dtcmtivc stntcgics for reducing risks, such M risk mitigation options or subahtiom based on 
refntivc risk compm'sons. For cmplc ,  risk mitigation tcchniqurs, such ;IS baa saips or lowc: 
ficld application rates, can be used to rcducc thc exposure (and risk) of a pesticide. Further, by 
cornpa& the risk of a ncw pesticide to other pcsticides currently in use during the rcgimtion 
process, lower overdl risk may result. Finally, risk managers consider and incorporate public 
opinion and political dtmmds into their decisions. Collcctivcly, thesc other fictors my rcndcr 
very high risks acceptable or very low risks unncccptablc. 

Risk charactmiation provides the basis for cornmunic;lting ecological risks to interested 
pcutics and the general public, This task is usu;llly the rcsponsibility of risk mmgcrs,  but it my 
be shared with risk 3sscssors. Although thc final risk scssmcnt  docurncnt (including its risk 
chmcterkxtion scctions) can bc madc avaihblc to the public, the risk communication proccss is 
best sewed by tailoring idomation to a particular audirncc. Irrcspcctive ofthc specific tbrrna~ it 
is imporcult to clearly describe thc ecological ~CSOUTCCS at risk, their value, and the monct;lry and 
other costs of protccfbg (and failing to protcct) the rcsourccs (U.S. EPA, 199Sn). 

cotnmunic~tions with thc public, it is 
important for risk maailgcrs to consider 
whcthcr ndditiunal follow-on activities arc 

required. Depending on the importance of the 
assessment, confidence in its rcsults, and 

h g m  should clcvly describe thc 

sources md causcs of risks and thc potcntid 
idvcrsity of the risks (c,g., nature and 
intensity, spatial and tcmponl scrrlc, and 
rccovcry potcntial). The dcgrce of confidcncc 
in the risk asscssmcnt thc ntionalc for the 
risk management decision. and thc options for 
reducing risk arc also important (US. EPA. 
199Sa). Other risk communication 
considendons m provided in text box 6-2. 

Along 4th discussions of risk and Listcn to the public's s i i f i c  concerns. 

Bc honest, fkmk, and open. 

Speak clcvly and with compassion. 

Mcct thc needs of tbc media. 

Tcxt Box 6-2. RiYk Communiurion 
Coavidcntions for Risk Manngcrs (U.S. 
EPA 199Sb) 

Plan Carefdly and cvalutc the succcss of 
your communication effort. 

Coordinate and collnbontc with other 
crcdiblc sourccs. 

Acccpt and hvolvc the public ;IS iz 
lcgitinntc partner. 

zdnb lc  ~suurccs,  ic may bc advisable to 
condurn another itcation of the risk asscssmrnt (starting with ptoblcm formulation or analysis) in 

I 
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orde-r to support il hd management decision, Another option is to procccd with the decision, 
implmcnt the sclcctcd mwgcmcat alternative, and develop LI monitoring plan to cvaluatc the 

I -  

I 

1 I 
d t s  (see scrdon 1). If thc decision is to mitigate risks through cxposurc rcduction, for 
example, monitoring could help d c t d e  whether the dcsired reduction in ucposurc (and cffccrs) I 

is achiwed. 

! 
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APPENDIX A-CEAIYGES FROM EPA'S ECOLOGICAL RlSK A S S I E S S ~ ~  
FIUMXWORK 

EPA ha gaincd much cVpericncc with the ecological risk ssessmcnlt process since thc 
publication of die Fmework  Report (US. EPA, 1992ii) ma has rcccivcd m y  suggcsdons for 
moditications of b o b  the process and thc terminology. While EPA is not rccommcnding major 
c b g c s  in h e  o v d l  ecological risk zsessment process, modithtions arc summarized here to 

assist those who may h d y  bc f d i a r  with the Framcwork Report. C h q e s  in the diagram arc 
discussed first followed by changes in terminology and definitions. 

kl. CIUSGES IN THE FRC'unEW0R.K DIAGRAM 
The revised h e w o r k  diagram is shown ic figure 1-2. Within each phase, rcctulglcs arc 

used to designate inputs, hengons indicate actions, and circlcs rcprcscnt outputs. Thcrc have 
becn some minor changes in thc wording for the boxes outside ofthc risk assessment process 
(planning; communic;lting results to the risk mm3gcr; acquirc data., itentc process. monitor 

results), "Itcntc proccss" was added to emphasize the iterative (and frequently ticrcd) n~turc of 
5sk assessment. The tcrm ''hicrested parties" was addcd to the planning and risk mngcmcnt  
boxes to indicate thcir increasing role h the risk xscSSmcnt proccss (Commission on Risk 
Assessment and Risk ~ b g c r n e n t ,  1997). Thc new d i a w  of problem formulation contains 
scvcral c h g c s .  The hc,u;gon crnplusizts thc importance of i n t c p t h g  available information 
bcforc sclccting mcssment cndp0in.s and building conceptud rnodcls. The three products of 
problem formulation arc cncloscd in circles. Asscssmcnt endpoints arc shown as a key product ' 

that drives conceptual model dcvciopmcnt. Thc conccptual model remains ;L c c n d  product of 
prvblcm formulation. Thc analysis plan has becn nddcd sm cxplicit product of problem . 

formulation to emphize the need to plan dm evaluation and inrerprctcltion before mallyses 

hsia 
Lr, thc analysis phasc, the left-hand side of figure 1-2 shows the g c n d  process of 

characterization of exposure, and the right-hmd side shows chc chmctcrizition of ccologid 
effects. It is i m p o w t  that cvalution of thcsc two aspccts of analysis is an intmctivt process to 

ensure compatible outputs that can bc intcgratcd in risk chanctcrimtion, The dottcd line and 
hexagon that include both the c,qosurc and ecological response yldyscs cmphuke this 
intcnction, In addition, the ht three boxes in analysis now include the mc;1sutfs of c.xposurc, 
effects, and ccosytcm and receptor chmctcrisrics that providc input to the cxposurc and 
ecological responsc clndyses. 

Expcricnce with the application of risk chmctcrhtion 11s outlined in thc Framework 
Rcport suggests the need for several modifications in this process. Risk estimation entails the 
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htegmtion of c.uposurc and cffccts estimates dong with M Wysis of uncertainties, The process 
of risk estimation outlined in the Fmework  Rcport separates integration and unccruiaty. Thc 
original purpose for this scpcmtion was to e m p h i z c  the imporuncc of &nting uncertainty. 
This scpmtion is no longer nccdcd since uncertainty analysis is now cxpticitly addressed in most 
risk integration mcthods. 

The dtscriptioa of risk is similar to thc process described in the Framework Rcport. 
Topics included in the risk dcscription include thc lines of cvidmcc that support cusality and a 

determination of thc ecalogical advcrsity of obscrvcd or prcdictcd effccts. Considations for 
rcpxting risk ~scssment  rcsults arc also dcscribcd 

A.2, CHXVGES JJB DEFDZTIONS A i  TERMINOLOGY 
Exccpt as noted below, thcse Guidclines rc& definitions used in thc Fnmcwork Rcport 

(SCC Appcndiu B). Some definitions have bccn revised. especially those related to cndpoints and 
c.uposure. Some changes in tlx clxssiht ion of unccrtahty from the Fmcwork  Report YC also 
described in this section. 

k2.1. Endpoint Terminology 
The Fmcwork Rcport uses tbc asscssrncnt and m a s u e m a t  endpoint tcrminulogy of 

Sutcr (1990), but oEcrs no spccific t c m  for rnwurcs of stressor ltvels or ecosystem 
chimctcrisdcs. Expericncc has demonstrated that m c w c s  unrelmcd to cffcm SIC sometimes 
impproprimcly d l c d  me;rsurcmcnt endpoints, which werc defined by Sum (1990) M 
"mc;lsunblc rcsponscs to ;I stressor that arc rclatcd to the valued chanctcristic chosen as 
assessment cndpohts," Thcsc Guidelines rcplacc measurcrnmt cndpoint with measure of cffcct 
which is "a change in m artributc of M ascssmcnt cndpoint or its surrogate in rtsponsc to EL 

stressor to which it is cxposcd," &I asscssrncnt endpoint is m explicit cxprcssion of thc 
cnvironmcntd valuc to be protected. operationally dcfmcd by an cntir>, and its rtrtributcs, Since 
data other than those required to evalwtc rcsponscs (k., rncasurts of cffccts] art rcquired for XI 

ecolo~cal  risk clsscssmcnf two additional rypes of meuurcs arc wed, Measures of cxposwc 
include SUCSSO~ and sourcc mc;LsuTcrncnts, while mcmres of ccosystcm and receptor 
characteristics include, for cxamplc, hubitat rneas~su~~s, soil panmeters. water quality conditions, 
or life-history p m e t c r s  that may be ncccssary to better chanctcrizc ccposurc or effects. Any of 
thc three vpts of mcsures may be actual d m  (cas., momliry), summvy sW5stics (c,&., an LCJ, 
or estimated values (c.g,, an LC,,, csihated from a structure-activity rclntionship). 
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k2.2 Exposurc Tcminology 

biological entiry. W l e  the broad concepts arc thc same, the l a n p g l :  and 3pproaehcs vary 
dcpending on whether a chemical, physical, or biologid entity is thc subject of ;Lsstssmcrtt Kcy 
exposurc-rclatcd tams and their dcfhitions arc: 

Tlesc Guidelines definc c . u p o ~ ~  in II manner that is rclcvilnt to any chcmical, physical, or 

Source. .4 sourcc is an entity or action that relcses to the cnvironmcnt or 
imposcs on thc cnvironmcnt a chemical, physical, or biological mssor or 
stressors. Sources may include a waste tratmcnt plant, a pesticide application, a 

logging opention, imoduction of exotic organisms, or a dredging project. 

stressor. A stressor is any 
physical, chemical, or 
biological entity that can 

induce m ndvcrsc rcsponsc. 
Tais tcrm is used broadly to 
encompass entities that causc 
primyY effects and those 
primap effects that can must 

secondary (ix., indirect) 
cffccrs, Stressors may be 
chcrrsical (tag., toxics or 
nun-icnts), physical (c.g., dams, 
fishing ncts, or suspcndcd 
sediments), or biological (cas,, 
exotic or gencticdly 
cngincctrd organisms). While 
risk asscssrncnt is concmcd 

Tcxt Box A-1. Strcssor VY. Agcnt 

Agent has brcn suggested as M alternarivc 
for thc term strcssor (Suta et al,, 1994). 
Agcnt is thought to bc a more ncutnl tcrm 
than stressor, but agent is also Elssociotcd with 
certain cl;lsses of chemicals (c.g., chemical 
wwf'arc agents). In addition, agent h& the 
connotation of the entity that is initially 
released from the source, whereas stressor 
has the connotation of the cntity that cmscs 
thc rcsponsc. A p t  is used in EPA's 
Guidclincs for Exposure Asscssmcnt (US, 
EPA, 1992b) (k,, with exposure dcfincd as 
"contact of a chemical, physical, or biological 
agcn:"). Thc two terms are considered to be 
nearly synonymous, bet stressor is used 
throughout thcsc Guidelines for internal 
consistency . 

with thc chmctcrhtion ofadvcrsc rcsponscs, under some circumstances a 
strcssor may be ncutnl or produce cffccts that arc benclicial to c c h  ccologicd 
components (see text box A-1). Primary effects may also bccomc si~cssors. For 
cxmple, o c h g c  in a bonomland hardwood plant community flcctcd by rising 
wtcr levels can be: thought of as il stressor influencing the wildlife community. 
Stressors may also be formed through abiotic intcnctions: for cu;lmple, the 
increase in ultnGolct light reaching the Earth's surfacc results from the interaction 
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of the original stressors released (chlorofluoracarbons) with thc ecosystem 
(stntosphcric ozonc), 

. Exposurc. As discusscd above, thcst: Guidelines usc thc tam cqosurc broadly to 
mean "subjected to some action or influence." Used in this m y ,  q o s w  applies 
to physical ud biological stressors as well lls to chemicals (organisms arc 

commonly said to be c,uposcd to radiation, pathogens, or hat'). Exposurc is also 
applicable to higher lcvcls of biological org&tioa such s cupasutc of n benthic 
community to drcdghg, ~vposwt  of an owl population to habitat modification, or 
e q o m  of 3 wildlife popddon to hunthg, Although the opcmtional defktion 
of exposure, particularly the Units of measure, dcpennds on tbc stressor and 
rcccptor (defined below), thc following g t n d  definition is appliablc: Exposure 
is thc contact or co-occutlcncc of a stressor with a receptor. 

Reccptot. The rcccptor is thc ccologicd entity cxposcd to the smssor, This tern 
may refer to tissues, organisms, populations, communities, md ccosystcm. \hilt 
cithe "ecological component" ( U S .  EPA, 1992a) or "biofogkd system" 
(Cohrsscn and Covello, 1989) uc altcmative tcnns, "rcccptor" is usually clcxcr in 
discussions of cxposurc where the emphasis is on the messor-rcccptor 
rciarionship. 

As discussed below, both disturbance and mss rc&c have been suggested a altcrnativc 
terms for exposure. Neither tcrm is used in these Guidclincs, which instad u s e ~ ~ ~ o s u t c  as 
broadly defied above. 

Disturbarm. A disturbmcc is any cvcnt or series af evcnts that disrupts 
ecosystem, community, or population mctu rc  and changes resources, substrate 
availability, or the physical environment (mod5ed slightl.j from White and Pickctt, 
1985). Defined in this way, diwbmcc is clcxly ;1 kind of exposwc (ix., XI even: 
that subjects 3 rcccptor, the disturbed system, to thc actions of o saessor). 
Disturbance m y  be a uscful alternative to Strcssor specifidly for physical 
S ~ ~ C S S O ~ S  that mc dclctions or modifications (c.g., logging, drtdgiag, flooding). 

Strcss Regime. The term mss regime has been used in at lcm three distinct 
wys: (1) to characterize exposure to multiple chemicals or to both chcmicd and 
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nonchcmical stressors (marc clearly described as multiple exposure, c o m p k  
cxposurc, or e.xposurt to &WCS), (2) 3s a synonym for e?cposue thnt is intended 
to avoid overemphasis on chemical cxposurcs, and (2) to describe rhe scries of 
interactions of cxposwcs and effects rcsulhg in secondary cxposurcs, S C C O I I ~ ~ J  

effects, and finally, ultimate effects (also known xi risk m a d e  Kipton et al., 
1993]), or causal chain, pathway, or ncnvork (hndrcwmhrr and Birch, 1984). 
Because of thc potcntid for c o d h i o n  and the avaiIability of other, c l c m  tern,  
this t m  is not used in thcsc Guidclincs. 

,423. Unccrtaht?, Terminology 

mc! dam stochsucity, and mor.  These Guidelines discuss uncert3inty throughout the process, 
focusing on the conceptual model (section 3.4.3, the analysis phase (section 4.1.2)' and thc 

incorporation of unccdnty  in risk cstimatcs (scction 5.1). I'he bulk ofthc discussion appcars in 
section 4.13, where the discussion is orpnizcd 3ccording to thc following sources of unccriity: 

The Fnmework Report divided u n c c ~ t y  into conccptual nodcl formation, information 

UncIcx communication 
Descriptive mors 

* Data gaps 
Variability 

- U n c c h t y  about a quantity's mc vdur 
Model m c r u r c  unccminty (process models) 
Uncertainty about modd's form (cmpiricd models), 

A2.4 Lhcu of Evidence 
The Fmcwork  Rcport used thc p h c  weight of evidence to describe thc process of 

cvdurrting multiplc lincs of cvidcncc in risk chmctcrization. Thcsc Guideliocs use the p h c  
lines of cvidcncc instcad to de-cmphiizc the balancing of opposing factors bscd on assignment 
of quantitative values to rcxh 8 conclusion about a ''weight" in favor of II mort hclusivc 
approach, which cvaluatcs dl availnbk inibrmation, cvcn cvidcncc that may be qudit3tivc h 
rumre. 
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Advcrsc ccologial cffccts--Caulgcs that arc considcrcd undesirable bcausc thcy alter valued 
spructunl or fuctiond ch~s~ctcristics of ecosystems or their components. An cvalution 
ofadvcrsiry may coasidcr the type. intensity, nnd scale of the effect M well as the potcntid 
for rccovcry. 

Agent-Any physical, chemic& or biological cntity that an induce XI adverse rcsponsc 
(.synoI?ymous with smssor). 

Asscssrncnt cndpoint-,h e.xplicit expression of the tnvironmcntal vduc that is to be protected, 
operationally defined by ;UI ecoiogicd entity and its attributes. For cmmple, salmon art 
valucd ecolo@wl cntities; rtproduction and age class smcnz~e arc somc of their important 
attributes, Together “salmon reproduction and age class m c t u r c ”  form an ssessmcnt 
endpoint, 

Attribute-A quality or c b c t c n s t i c  of an ecological entity, Pa artributc is one component of 
an ssessmcnt endpoint. 

Charnctcrimrion of ccological cffccts-A portion of thc d y s i s  phase of ccologicd risk 
assessrncnt that cvdu3:es the ability of CL strcssor(s) to causc adverse effects under a 

pyticulu set of cir-ccs. 
Chmctcht ion  of cxpouurc-A portion of the d y s i s  phase of ccological risk xscssmcnt 

b t  evdutcs thc intmcdon of the stressor with one or more ccologid entities, 
Elrposure can be c,upresscd as co-occurrencc or contact, dcpcndiag on the stressor mad 
ccological component involved. 

Community-h rrsscmblage of populations of Mcnnt species within a specified location in 
space and b c .  

Compamtivc risk assasmcnt-A process that gcnenlly uses a professional judgment approach 
to evaluate the relative magnitude ofeffccts and set priorities among a wide nnge of 
environmental problems (e.g,, U.S. EPA, 1993d). Somc applications of this proccss YC 
sirniiar to the problem formulation portion of an ccologicd risk asscssrnmt in that thc 
ouicome may help select topics for further evaluation and help focus limited mou~ccs on 
mas having the p a t e s t  risk rcduction potcntid. In other sitwtioas, a comparative risk 
ssessmcnt is conductcd more likc a prcliminrrry risk asscssmcnL For ample,  EPA’s 
Science Advisory Board used profcssiond j u d p c n t  and m ecologid risk ssessment 
approach to malyzc fume ecological risk scenarios and risk mulagcmcnt altamtivcs 
&+.S. E P G  1995e). 
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Conceptual model-A conccprd model in probIcm formulation is ;I writtcn description and 
visual nprcscnution of predicted relationships between ccologicd entities md the 
stressors to which they my be q o s c d .  

CurnuLqtivc distribution fiinction (C'Dx;3-cunulativc distribution functions are particularly 
uscfut for descriiing the Iikclihood that II variable will f;lll witbin WQmt mgcs of x. 
F(x) (ix., tlic value ofy at x in a CDF plot) is the probability that B variablc tvill h v c  a 
value Icss than or equal to x (figure B-I). 

Cumuhtivc ccolodal risk ayscssment-A p a s s  that in;lolvcs considemtion of the aggqn\c 
ccolosid risk to thc target entity auscd by thc acnunuliltion of risk from multiple 
SSCSSOrS. 

Disturbance-Any cvcnt or scncs of events that disrupts ccosystcm. community, or population 
structure and changes IPSOUCCS, substrate mailability, or thc physical enviromcnt 
(modified from White and Picker, 1985). 

CDF for a Normal Distribution COF for a Log-Normal Distribution 

d 4 0 2 4 

X 

0 2  4 6 8 10 

X 

Figurc B-1. Plots of cumulative distribution function (CDF). 
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EC,-A statistically or graphically cstimatcd conccnmtion bat is expectcd to C;LUSC one or morc 
specifjcd effects in SO% of ;L group of orgm'sms under specified conditions (ASTM, 
1996). 

Ecologid cntizy-A gcnenl term that my rcfer to a spccits, n poup of species. rn ccosystcm 
h c t i o n  or chcter is t ic ,  or 3 specific habitat, Ar: ecological entity is one componcat ol" 
m assessment endpoint. 

Ecologktl r c l c v a n c 4 n c  of the threc criteria for assessment cndpoint sclcaion. Ecologically 
relevant cndpoicts nflcct important characteristics of the system and at func t iody  
rclmcd to other endpoints. 

effects may occur or arc occurring as a result of e.uposurc to one or more mcssors. 

and time. 

EcologiaI risk nsucssment--Tne process that c v a l u m  thc likelihood that adverse ccological 

Ecoqstcm-The biotic community and abiotic environment within a specified location in ,.pace 

Environmental impact sutcmcnt (EXS)-Envkonmentd impact mtcmcnts are prcprcd under 
thc Notional Environmental Poljcy Act by Fcdenl ~lgencics CIS they cvalu;c thc 
environmental conscqucnccs of proposcd actions. EISs dcscribc baseline cnvironmatd 
conditions: thc purpose of, need for, and conscqucnccs of 3 proposed action; the no-action 
altcmativc; and the conscqucnces of ;L reziomblc mgc  ofdtcrnativc actions. A scpmtc 
risk ;LSsesbmcnt could bc preparcd for each alternative, or B comparative risk rrsscssmeat 
might k dcvclopcd. I-Iowevcr, risk assessrncnt is 30t the only approach used in EISs, 

Exposurc-The conbct or co-occurrmcc of a stressor with a receptor. 
Exposurc profile-Thc product of chanctcti23tion oCcxposurc in the mdysis phase of 

ecological risk acssrnmt. The exposure profilc summ,uiZcs the mgnitudc and spatial 
and tcmpod patterns of cxposurc for the sccaxios described in the conccpul model. 

tlssumptions about the e x p o s !  setting, messor chanctdstics, and activities that may 
Exposurc sccnariu-A set of assumptions conciTning how an c.uposun may mkc plncc, including 

lend to cxposwc. 
H m r d  usessmcnt-This t m  has becn uscd to m a n  either (1) cvaluting the intrinsic effects 

of ;I stressor (US. EPA, 1979) or (2) d c f i g  a margin of sdcty or quoticnt by comparing 
o toxicologic cEccrs concentration 4th .an cxposurc c s h a t c  (SETAC. 1987), 

of II group of organisms under specified conditions (ASn?, 1996). 

a7 be u c d  to dcscrik and interpret risk csrimattcs. Unlike the tcnn "weight of cvidmcc," 
it dots not neccsdy impty assignment of quantitative wcightings to information. 

LC,-A su t i s t i d ly  or graphicidly esdmntcd concentration that is expected to be Icthd to 50% 

Lincs of cvidenci-Infomtion derived from different sourccs or by differcat techniques that 
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Lowcut..o bservcd-ndvcrwwff'~ct ICVC! (LOAEL)-Thc lowcst lcvcl of a stressor cvnlunrcd in a 
tcSt that CCLUSCS statisticdly significant diffwenccs from thc controls, 

Maximum acccptablc toxic conccnmtion (MATC)--For ;1 particular ecologicd cffccts tcsf 

this term is used to mcm cithcr thc m g e  between the NOAEL and h e  LOAEL or the 

geomctic mean ofthc N O U L  and the LOAEi. The gcometric m a  is also known 3s 
thc chronic vduc. 

Mcnsurc of ccosystcm and rcccptor cha~~ctcristics-~c3Jlurcs that influence die behavior and 
location of ccological cntitics ofthc asscssrnmt endpoint, the dimibution of a stpcssor, 
and lifc-history c,hmctcisrics ofthe asscssmcnt cndpoht or its surrogotc that may affect 
cxposurc or responsc to thc srrcssor. 

responsc to a stressor to which it is esposed. 

contact or c o - o c c ~ ~ ~ c n c c  with the assessment cndpoint. 

Mcsurc of cffect-A c h g e  in an attribute of an asscssrncnt endpoint or its surrogatc in 

Mcasurc of cxposurc-A mcuurc of sucssor existence and movcment in tlic environment and its 

Mcnuuremcnt cndpoiot-Sce " m e m e  of effect." 
Ko-observcd-advcrc-cffcc~, lcvcl (XOA.EL)--Thc highest levcl of ;L stressor cvaluxcd in a test 

Population-An aggcgarc of individuals ofa species within a sprdfied loation in space and 
that docs not cause sratistically significant diffcrcnccs from the controls. 

time. 

not through cffccts on other components of the ecosystem (synonymous with direct effect; 
compare with definition for s econdq  effect). 

Probabiliry density function (RDF)--kobability density functions ;vc particul;~t.ly uscful in 
describing thc relative likclibood that a variable will h w c  differcnt particular values of x, 
The probability hat  a variable will have 3 V ~ U C  within a small interval around x can be 
approximated by multiplying f(x) (i.c., the value ofy 31: x in a PDF plot) by the width of 

Primary cffcct-An effect where thc nessor acts on the ccological component of intcrcst itself, 

the intend (figwe B-2). 
Prospectivc risk awxmcnt-A.n evaluation of the futurc risks of a stressor($ not yct rclcascd 

into the env;Jonmcnt or of fuhlrr conditions resuldng from ;111 existing strcssor(s). 
Rcccptor-Thr ccologicd cntity exposed to the stressor. 
Recovery-Thc rate and cxtcnt of r e m  of a population or community to some spect(s) of its 

prcvious condition. Bectlusc of the dynamic 11~ntrc of? ecological systcms, thc attributes of 
EI "rccovered" qstcm should bc carefully dcfincd. 
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Figurc B-2. Plots of probability dcnsity functions (PDF'). 

Rchtivc rkk wscssmcnt-A process sinZilvl to cornpmtive risk =manat It involves 
cstimxhg the risks ssociatcd with difkxnt stnssors or management d o n s .  To some, 
relative risk connotes the usc of quantitative risk tccbpiqucs, while compantivc risk 
approaches mote oftcn rcly on professional judgment Others do not makc this 
distinction. 

Rctrovpcctivc risk asscwmcnt-An evdjuation of the causal linkages between obswtd 
ecological effects and strcssor(s) in the environment. 

Rigk chanctchtion-A phasc of cco1ogh.I risk assessment that intcptcs thc cxposurc and 
Stressor responsc profiles to cvalwtc the likclihood of adverse tcologid &em 
mociatcd with c;uposue to D stressor. Lines of cvidcncc and the adversity of cffccts arc 
discussed, 
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Secondary effcct-An tffcct whcrc thc ncssor acts on svpporting components ofthc 
ecosystem, which ir. tum bavt an effect on the ccologiwl component o f  interest 

S o u r c ~ - h  entity or action that rclc3scs to the enviromcnt or imposcs on thc environment a 

chemical, ghysical, or biologid stressor or strcssors. 
Source term-& applied to chcmicd strcssors, the type, magnitude, and panems ofchcrnicd(s) 

released. 
Strcssor-Any physical, chemical, or biological entity that c m  induct m adverse rcsponsc 

(synonymous with agent). 
Strcssor-raponst. profilr-The product of characterization of ecological effects in thc wdysis 

phclsc of ccological risk EIsscssmcnt, T1ic strtssor-response profile summarizcs thc data on 
the effects of 3 stressor mnd thc relationship of the data to thc assessment cndpoint. 

characterize CKPOWC to multiple chemicals or to both chemical and nonclicmjcal stressors 
(morc clcxly described ;LS multiplc cxposurc, complcx cxposurc, or exposure to mimrcs), 
(2) as 3 synonym for c,xpsurc that is inrcndcd to avoid ovcrcrnphuis on chcniical 
cxposurcs, and (3) to dcscribe thc series of intcmctions ofcsposures md effects resulting 
in secondary cxposurcs, scconday effects and, ftnally, ultimate effects (also known as risk 
cascade pipton et aI., 1993]), or causal chain, pathway, or ncnvork (Andrewarthr~ and 
Birch, 1984). 

Trophic I c v c L A  fimctianrd c l w 5 c d o n  of taxa Within a community that is b s c d  on feeding 
rclationships (c.g,, aquatic and ternstrial green plmts makc up thc first trophic lcvcl and 
herbivores d e  up the second). 

- ( ~ y a o n p o u s  With indirect e f f c c ~ ;  cornpa  with dcfintion for primary effect). 

Stress tcgimc-The tcnn "strcss rcgimc" has bccn uscd in at I c s t  three distinct ways: (1) to 
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APPE;YI)IX C-CONCEPTUAL MODEL L U W L F S  

Conccptunl modcl d i a g m ~ s  an Visual nprcscnurions of thc conccprd rnodcls. TIicy 
mag bc b s e d  on theory and logic. empirical cia= rnathcmtical models, or probability models. 
These diagrams ;vc uscful tools for communiating important pathways in 3 clear and concise 
way. They can be u c d  to ask ntw questions about relationships that help gcnmtc plausible risk 
hypothcscs. Further discussion of conccprual models is found in scction 3,4. 

Flow d i o p  likc hosc sbown in figures C-l through C-3 ;vc typical conccpturrl modcl 
diagams. When constructing flow diapcrms, it is helpfd to uc distinct and consistcnt shpcs to 
distinguish between stressors, asscssmcnt cndpoints, rcsponscs, cxposurc routes, and ccosystcm 

Source 
1 (e.g., logging plan) 

Primaly Stressor 

Interaction with 
ecosystem 1 (NO exposure of receptor 

(e,g., slope, sui1 type) X by this pathway) 
I 

Exposure 

(e& increased 
siltation of stream) 

lntorspecics intendon (e.g., food, 
habitat, competitlon) 

Figurc (2-1. Conceptual model for logging. 
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Figure C-2. Conceptual model for tracking stress awocinfcd with lcsd shot through 
upland ccosystcmu. Rcprintcd from Envuonnwntal Toxicotogy and Chcmiroy by 
Keadall ct aL (1996) with pcrmission of thc Society of Enviroamcaal Toxicology and 
Chemistry (copyn'ght 1396). 
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proccsscs, Altbough flow dingruns arc often used to illustrate conceptual models, thcrc is no set 

configuration for conctptual modcl diagrams, and the Icvcl of complexity may vay considcnbly 
dcpcndhg on thc rrsscssmcnt. Pictonal repmenutions of thc processes of an ecosystem be 
more effective (e& Bndlcy and Smith, 1989). 

Figure C-1 illustrates the relationship bewecn P primary physical stressor (loggins roads) 
and tm cffcct on an asxssmcnt endpoint (fccundity in insectivorous fish). This simple diagram 
illustmtcs thc cffcct of building logging roads (which could bc considcrcd CL sucssor or a sourcc) 

in ecosystems where slope, soil type, low riparian cover, and othcr ecosystem chmctcristics lend 
to thc erosion of soil, which cntcrs strcms and srnothcrs the benthic organisms (exp~suc  
pathway is not cvplicit in this dingam). Sccnuse ofthc dcpcndcncc of inscctivorous fish on 
benthic orgimisms, the fish x c  bclicvcd to bc at risk from the building of logging roads. Each 
.arrow in this d i a p  represents a hypothesis about the proposcd relationship (c.g., 11um;m action 
3nd stressor, ,stressor and effect, primary effect to sccondvy cffcct). Each risk hypothesis 
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Figure C-3. Wnquoir Bay warcrshcd conccptud modcl (continucd). 

providcs insights into the kinds: of data that will be needed to verify thclt the hypothcsizcd 
rtlationsbips art valid, 

through upland ecosystems, In this m p l e ,  upland birds YC exposed to !ad shot when it 
becomes anbcddcd in their tissue after being shot and by ingesxing l e d  accidentally when fctcbg 
on the ground. Both are hypothesized to tcsulr in hercued morbidity (e.g., Iowcr reproduction 
and cornpeddveness and higher predation and infection) and mortality, citha dircctly (lctbal 
intoxication) or indirectly (effects of motbidhy leading io mortality). Thcsc cffets arc bclicved to 
result in changes in upland bird populations and becausc of hypothesized cxposurc of predators to 
lad,  to incrcascd predator mortality. This exmplc shows multiple cxpomrc pathways for cffccts 
on two rrsscssmcnt endpoints. Each m o w  con& within it assumptiom and hypotheses about 
the relationship depicted that provide the basis for idcnufying &a needs and d y s c s ,  

Figurc C-2 is n conceptual modcl used by Kcndall et  al. (1996) to mck a c o n h t  

. 
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Figure C-3 is o conceptual model adapted from the Waquoit Bay watasheb risk 
asscssmmt. At the top ofthc model, multiple human activities that occur in the watershed arc 
shown in rect3dgIes. Those sources of strcssors arc linked to mssor types depicted in ovals. 

Mdtiple souccs arc shown to contriuutc to an individual stressor, and each soucc may contribute 
to more than onc strcssor. The stressors then lead to multiple ccologid efFccts depicted again in 
remdes. Some remglcs =e double-hed to indica cffects tbae can be directly measured for 
dm d y s i s .  Finally, the cffects arc Liakcd to puticulm messmmt endpoints. The comcctions 
show that one effect can result in changes in m y  mcsmcnt endpoints. To fully depict cxposutc 

pathways and types o f  cffects, specific portions of this conceptual model would nccd to be 
mpmdcd to illusmtc those relationships. 
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APPEhIDIX D-AEALYSIS PEGE EXAMPLES 

The analysis phase process is illustrated hm for n chcmid,  physical, and biological 
mssot .  Thcse e.lc3mplcs do not represent d possible approaches, but t h q  illustrate the mdysis 
phase proccss using information from actual ;Lsscssmcnts. 

D.1. SPECIAL N V E W  OF GRANULAR FORMIILATIONS OF C A R B O F ~ Y  
BASED ON ADVERSE EFFECTS ON BIRDS 

Figure D-1 is based on an assessment of the risks of c a r b o f m  to birds under the Fed& 
Insecticide, Fungicide, and Rodenticide Act (FIFRA) (Housckncchr, 1993). Cabofwan is 3 
broad-spxtmn insecticide and nematicide applied primarily in granular form on 27 crops as well 
xi forests and pine sccd orchards. The ssessmcnt endpoint was survival of birds that fongc in 
ogriculrUr;ll ucxi whcre carbofurul is applied. 

that may cat other animals th3t contain g r u u l e s  or rcsidues, Measures of ezrposure included 
application rates, attributes of the formulation (e.g,, sizc of granules), and rcsiducs in prey 
orgclnisms. Mesues  of *Lhc ecosystem md receptors included m inventory of bird species that 
my be exposed following applications for 10 crops. The birds’ respective feeding behaviors WEE 

considcrcd in devcloping routes of mposurt. Measures of cffcct included labontory toxicicy 
&dies and ficld investigations of bird mortality, 

The source of the chemical was application of the pesticide in granular form. Tbc 
distribution of &e pesticide in agrkultunl ficlds was c d t e d  on thc bask ofthc application ntc. 
The number of cxposed granules was csstimatcd from litmture &a On the basis of a rcview of 
avian feeding behavior, seed-eating birds werc ssumed to ingest any &r;mula left uncovacd in the 
field, The intcnsiry of exposure was summarizcd 3s the number of cxpscd pdcs  ptr s q w c  
foot. 

Thc stressor-rcsponsc relationship w s  described using thc results of toxicity IC-. Thesc 
data were used to construct 3 toxicity statistic expnsscd as the numbcr of g r a d e s  accdcd to kill 
50% of the test birds (k, p u l e s  per LDs0), assuming 0.6 mg of active ingrcdicnt pcr p u l c  
Lid average body wights  for the birds tested Field mdies were uscd to document the 
occmencc of bird deaths following applications a d  provide mcr c a d  evidcncc. C a b o f m  
residues and cholinesterne lcvcls were used to c o n f m  that cxposurc to c u b o l b u ~  caused b c  
dcaths. 

The analysis phase focused on birds diat may incidcndly hgcst gylulcs as they fongc or 
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Figure 1)-1. Exarnplc of the analysis pbnuc ptocmu: spccial rcvicw of wrbofumn. 
Rectangles indicate inputs, hexagons indicntc zctiom, and circlcv indicate outputs. 
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D3. MODELISG LOSSES OF BOTTOMLAND-FOREST "ETLhiDS 
Figure D-2 is b a e d  on M asscssmcnt of thc ccologicd conscqucnccs (risks) of tonpterm 

c b g e s  in hydrologic conditions (water-level clcvatiom) for three habitat ppcs in thc Lake Vcmt 
Basin of Louisiana (Brody ct d,, 19S9,1993; Conncr and Brody, 1989). Thc projcct was intcndcd 
to provide a habiut-baed approach for asessing the environmentd impacts of Fedcd wata 
projects under thc National Environmental Policy Act and Section 404 of the Clem Water Act. 

Output fxom thc models provided risk managers with information on how changes in water 
clcvation might alter the ecosystem. Thc primaq anthropogenic strcssor addressed in this 
assessment was ytificid levec consauction for tlood control, which conmbutcs to land subsidact 
by reducing sediment dcposition in the floodplain. Asessmcnt endpoints included forest 
communicy strucrurc and habitat vduc to wildlifc specks and the species composition of tbe 

- 
wildliic community. 

The analysis p h s c  began by considering primxy (direct) effects of wmr-lcvcl clmgcs on 
plant community composition and habitat chanctcristks. Mcsures of cxposurc includcd tbc 

mibutcs  and placement of the icvces and wmcr-lcvcl mesurcmrnts, Mcasurcs of ecoqs tm and 
nccptor chmctchtics included location md extent of bottomland-hardwood communities, plant 
species occurrcnccs within thcse communities. mc! information on historic flow regimes. Mcssutcs 
of effects includcd hbontory studies of plant rcsponsc to rnokwe and Geld rncm.wcmcn'ts dong 
rnoiswc pdicnts .  

p d i c n t  of the river due to scdimcnt deposition at its mouth also contributed to incrcxxd water 
ltvcls, The mcnt and frequency of flooding wcrc simulatcd by thc FORFLO modcl bas& on 
estimates of net subsidence r a t s  from lcvce construction and decrcsed river gndicnt Seeds and 
s e c d ~ g s  of the tree species were assumed to be exposed to thc dtercd flooding rcghc. Stressor- 
rcsponsc reliltionships describing plant rcsponsc to moisnve (C.S.. sctd gamination, Suvivd) wcrc 

cmbcddcd within the FOIZFLO modcl, This information was uscd by thc model to simulmc 
changes in plant commuaitics: thc modcl tracks the qxcies typc, diameter, and age of each tree on 
simulated plots from the time the tree mtcrs thc plot as ;L sccdling or sprout until it dics. The 
FORFLO model calculated changes in the plant community ovcr time (fiom 50 to 3 0  ycys). TIC 
spatial extent of thc thrcc habitat types of intcrcst-wct bottomland hardwoods, dry bottomland 
hardwoods, and cypress-tupelo swamp-wm mappcd into a GIS along with the hydro1ogi:ic;ll 
information. Thc changes projcctcd by F O U L 0  were d~cn m u l u l l y  linked to the GIS to show 
how the spatial distribution of different communitics would cliulgc. Evidence that flooding would 
actually cause these chmgcs included comp3Jisons of modcl prcdictions with ficld mcsuremcnts, 

Whilc the principal strcssot undcr evaluation was thc consmction of Icvces, thc dmascd 

the laboratory studies of plant response to 
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Figure D-2. E-uarnplc of thc analysis phwc procws: modcling louscu of bottomlund 
hardwoods. Rcctanglcs hdiwtc inputs, hexagons indicate actions, and drda 
indicate outputs. 
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moistarc, and knowledge of the mechanisms by which flooding cl'cits changes in plant 
communitics. 

Secondary (indircct) effects on wildlic associated with changes in the hobitat providcd by 
the plant community formed thc second pm of the d y s k  p h c .  Impomt  mcm.rcs includcd 
life-history chanctcristics and habitat needs of the wildlific spccics. Effects on wildlife w m  
infcrrcd by rvdwting the suitability of the plant community ;IS habitat Specific aspea of the 
cornunity srmcturcs calculated by the FORFLO model provided the input to this pm of &e 

analysis. For example, the number of snags was uscd to cvdu tc  habitat value for woodpeckcrs. 
Rcsidcat wildlifc (rcprestctcd by fivc species) was assumed to co~occur with the altcrcd plant 
commUnity. Habitat value was evaluated by CdCd~~thg thc Habitat Suinbility Indcv (HSI) for 
each habitat typc multiplied by thc habitat typc's x a  

elements wee combined with thc models uscd for the mlysis and then used directly in risk 
chcte&tiorL 

A combincd cxposurc and mssor-response profile is shown in figure D-2; these two 

D3. PEST RISK ASSESS;MIShT OF JMPORTATION OF LOGS FROM CElILE 
F i p c  D-3 is baed  on the assessment of potential risks to U.S. forcsts due to the 

incidental intxoduction. of insects, fungi, and ohm pcsts inhabiting logs hcwcstcd in Cltilc and 
transported to U S ,  ports (USDA, 1995). This risk asscssmcnt was used to detcrminc whcrher 
actions to restrict or regulotc the importation of Chilcaa logs wcrc nccdcd to protect U.S. forests 
and was conducxcd by a rem o f  siu cxpcrts under the auspices of the US. Deparrmcnt of 
Agticulturc Forcst Service. Stressors inciudc hccts, forest patbogcns (as., fungi), and other 
pcsts. The assessment endpoint was the survival and growth of trcc species (particularly conifm) 
in the wcstcrn United States. Dmngt that would ,affect the commercial value of the ~ e c s  as 
h l m k  was clearly of interest, 

Thc analysis p b c  was utricd out by eliciting profcssional opinions h m  a team of 
e,ptm, Mcasurcs of exposure uscd by the team included distribution intbmtion for the imported 
logs mc! attributes of thc insects and pothogcns such as dispersal mechanisms md Lifc-his~ory 
chu3ctcriStics. Me3surcs of ecosystem and rcccptor chmctcristics includcd the climate of the 
United States, location o€gcop?hic barriers, knowltdgc of host suitability, and m g c s  of 
potential host species. Mcaurcs of cffccr included knowledge of the infcctitivity ofthcsc pests in 
other countries and the infectivity of similar pcsts on US. hosts. 

This informntion w3s used by the risk assessment team to evaluate the potential for 
exposure. They began by evaluadng thc likelihood of c n q  of infcstcd logs into thc United States. 

The distribution of the organism's given e n q  w3s cvdmtcd by considering the potential 
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Figurc D-3. ExampIc of thc analysis p b u c  proccus: pest risk wwawsmcnt of thc 
importation of Iop from ChiIc. Rcctnnglcu hdicatc inputs, hcxqons indiwtc actions, 
2nd circlcv indicotc outputs. 
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for coloniz3tion ard sptad beyond the poiat of c n q  3s well as the likelihood of the organisms 
surviving and rcproducing, Thc potential for cqosurc was summarized by assigning each of the 
above elements ajudpcnr-based vduc of high, medium, or low, 

The evalwtion of ecological effects was also conducrcd on the basis of collccdvc 
professional judgment. Of pmst rclcvmcc to this g u i h c c  w s  thc considmuon of 
environmmtd damngc potcntial, dcfmcd as the likclihood of ccosystca destabilization, reduction 
in biodscrsity, loss of keysone specirts, and :eduction or elimination of cndungacd or threatened 
species. (The team also considered economic dynrrgc potcntid and social and political influcnccs; 
however, for thc purposcs of thesc Guidelines. those f3ctors arc considered to be part ot'thc risk 
rnmnagement process.) Again. each consideration wa assigned o value of high, medium, or low to 
summarize the potential for ecological effects. 
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APPEhBCY %-CRITERIA FOR D E T E R W G  ECOLOGICAL ADVERSm A 
"ITPOWTICAt E M L E  (Adapted from E-rtwcll cr & 1994): 

As a result of a collision at sa m oil tanlca rclcxcs 15 million barrels of $2 fuel oil 3 km 
oEshore. It is predicted dm prevailing winds will amy the h c l  onshore wihh  45 to 72 hours, 
The co3mlinc has numerous small embaymcnts that support ;u1 cficmive shallow, sloping subtidal 
community and 3 rich intcrddd community, A prciimimy asscssmcnt determines that if no action 
is taken, significant risks to the commUaitics will result. Additional risk xscssmcnts ;vt conducted 
to determine which of two options should be used to Clem up the oil spill. 

cxtensivc onshorc contamination but would ausc cxtcnsivc mortality to the phytoplankton, 
zooplankton, and ichthyoplankton (fish larvac), whch arc important for cornmmcial fisheries. 
Option 2 is to try to contain and pump off as much oil 3s possiblc; this option anticipates h t  a 
shift in wind direction will move thc spill away f?om shore and allow for mtud dis~crsd at SCL If 
this dots not happen, the oil will contaminate the c;utcnsivc sub- md intertidal mud flats, rocky 
inrertiidd conxnunitics, and bcachcs and post an additiond h d  to avian and m m a l i m  fauna. 
It is assumcd thcrc will bc II dcmohstnblc c h g c  bcyond n m r d  variability in the uscssmcnt 
endpoints (c.g., s m m c  of pld?onic, bcnthic, and intertidal communitics), What is thc adversity 
of each option? 

Option 1 is to use a dispersant to brcak up the slick, which would rcducc h c  likelihood of 

Nawc and intensity ofhe cffm For both options, thc mplitude ofchangc in thc 
asscssmcnt endpoints is likely to be scvcrc. Planktonic populations oftcn LT 
chancmizcd by c ~ c a s i v c  spatial and temporal variability. Ncvcrtl~clcss, within the 
spatial boundaries of thc spill, the usc of dispersants is likely to produce complctc 
mortality of all pldaonic  forms within thc upper 3 m of water. For benthic and 
inrereidal communities, which gencdy  arc mblc and h v c  less spatid and tcmpod 
variability thyl pla&onic forms, oil contamination will likely result in scvcre 
impacts on swiva l  and chronic effects lasting for scvcral yeys. Thus, under both 
options, changes in thc ascssmcnt endpoints \vi11 probably exceed the natural 
varinbiliry for t h remxd  communities in both spacc and h e .  

Spatid s d c .  The arcd cxtcnt of impacts is similar for each of thc options. W c  
cxtcnsivc, thc uca of impact constirutcs a smdl pcrcenugc of the lmdscapc. This 

This example is simplified for illusmtive purposes. tn other siruations, it m y  bc 
considcnbly more dif%cult IO dnw clear conclusions regarding relative ccologiical adversity. 
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Icmes considerable m a  mailable for replacement s~ocks and creates signjfimt 
hgmentation of eithcr thc plankronic or inter- and subtidal habitats, Ecologiwl 
advasity is reduced bccawe thc m a  is not 3 mamm;lli;m or avian migratory 
comdor, 

Temporal scalc and recovery. On the basis of expwknce with other oil spills, it is 
assumed that the effects arc reversible over some timc period. Thc b e  nccded for 
revcrsibiliry of cbmges in phytoplankton and zooplankton populations should be 
short (days to weeks) given their mpid gcncntion times and easy immigration from 
adjacent water masses. Therc should not bc a long recovery period for 
ichthyoplankton, since thcy typically cxpcriencc cnensive n;lluf3s mortality, md 
immigmtion is readily available from surrounding watcr mascs. On the other hand, 
the h e  necdcd for rcvcrsibiiity ofchanga in benthic and intmic!d communities is 
likely tu be long (?cars to decades). First, thc stressor (oil) would be likely to 

persist in sediments mc! on rocks for scvcd months to  ycm. Second, the life 
histories of the species comprising thesc communities span 1 to 5 ycm. Third, thc 

reestablishment of benthic intertidal community and ccosystcm smcturc 
(hicmchicd composition and function) often rcquircs decodes. 

Both options result in (I) assesmc3t cndpoict tff'ects that arc of great scvcriry, (2) 
cvccedanccs of notunl variability for those endpoints, and ( 5 )  sirnitat cstimotcs of d impact, 
What distinfiuishcs the two options is ternpod scale and rcvcrsibility. In this rcgmd c h g c s  to 
thc benthic and intertidal ecosystems arc considerably motc advcrsc than those to the plankton. 
On this basis, the option of choicc would bc to dispcrsc thc oil, cffcctivcly preventing it from 
reaching shore whcrc it would contaminate the benthic and intertidal communities. 
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PART B: RESPONSE TO SCIESCE AIDVISORY BOARD AND PUBLIC COMMENTS 

! I. XXTRODUCTION 
I This section summ&cs the major issues raised in public comments and by EPA's Science 

Advisory Board (Sa) on the previous draft of thrsc Guidclincs (the Proposed Guidelines for 
Ecological Risk Assessment, hereafter "Proposcd Guidelines"), A notice of availability for public 
comment ofthe Proposcd Guidelines w a  published Scptcmbct 9,1996 (61 FR 475524763 I), 
Fortyfour responses wcrc reccivcd, The Ecologid Proccsscs and Effects Committee of tbc SA0 
reviewed the Proposed Guidclines on September 19-20,1996, and provided comments in Januvy 
1997 @PA-SAB-EPEC-97-002). 

Thc S N 3  and public comments wcrc diverse, rcdrcring thc diifatnc pcrspcctivcs of tbc 
rrvicwcrs. Many ofthc comments wcrc fwonble, expressing agreement with the overall tlpprocch 
to ecological risk assessment, Mmy comments wcsc beyond the scope of thc Guidclincs. including 
requests for guidance on risk managcmcnt issues (such CIS considering social or economic impact5 
in decision making), Major issues niscd by reviewers YC s u m m ~ e d  below. In addition to 
providing general comments (section 2), reviewers wcrc askcd to comment on w e n  specific 
quedom (section 3). 

2. R;ESPOPlSE TO CEhZRAL COMMEBTS 
I 

Probably thc most common rcquest was for greater detail in spcc8c areas. In somc cscs. 
additional discussion w u  addcd (for cxamplc, on h e  use of ticring and itention and the respective 
roles ofrisk ;~sscssors, risk mmngcrs, and intcrcstcd pnrcies throughout thc proccss). Zn other 
w, topics for additional discussion were included in a list of potential w for Eurthcr 
dcvelopncnt (see responsc to question 2, below). Still other topics arc more appropriately 
nddrcsscd by regional or program offices witbin the coutex of II ce& regulation or issue, and are 
deferred to thosc sources. 

A few rcvitwcrs felt that since ccolo~cal  risk assessment is a relatively young scicncc, it is 
prernnture to issue guidclincs at this b e .  The Agency fcefs thar it is appropriate to jssuc ~ d m c c  
;It this time, cspccially since the Guidclincs contain major principlcs but x h i n  from m o m e n d i n g  
speciiic methodologics that might becomc rapidly ou:htcd To help ensure the continucd 
rclevancc of the Guidelines, the Agency intcnds to dcvciop documents addressing spccific topics 
(s:c rcsponsc to qucstion 2 bclow) md will rcvisc hcsc Guidelines as cxpcricncc and scientific 
coIlscnsus evolve. 

Some rcvicwers askcd whcthcr the Guidclincs would be applied to previous or ongoing 
ecological risk LIsscssmmrs, and whethcr c.Uis.ting rcgional or p r o w  oficc g u i b c c  would Ix 

% supcrscdcd in conducting ccologicd risk ;1sscsfmcnts. As dcscribcd in scdon 1.3 (Scopc and 
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Intended Audicncc), thc Guidclincs arc principles, axid arc not regulatory in nature. It is 
mticipatcd that gukhncc from p r o b m  and rcgional officcs will cvolvc to implcmcnt tlic pnnciplcs 
set forh in h a c  Guidclincs, Si~nilarlrly, some rcvicwcrs rcqucstcd that assessments rcquirc P 
cornpaison ofthc risks of dtemtivc S C C ~ O S  (including background or baclinc condiduns) or an 
assignment of pnrticulilr levels of ecological significmcc to habitats. Thesc decisions would be 
most appropriately madc on a case-by-czc basis. or by a p r o w  officc in response to p r o m -  
specific needs. 

Several Native h c r i c a n  groups notcd a lack of acknowlcdgment of mbnl governments in - 
the document. This Agency oversight was concc:ed by including tribal governments at points in 
the Guidelines whcrc other governmental organizations arc mcntiontd. 

Scvcrd rcvicwcrs notcd that the Proposed Guidelines mentioned tDc necd for "expert 
judgment" in seven1 places .and asked how thc Agency dcdncd "cxpc~" and what qualifiiwtions 
such an individual should have. At present. thcrc is no standard set of qualifications for an 
ecological risk uscssor, and such a standard would bc very difiicult to produce, since ccological 
assessments are Erequcntly done by teams of individuals with expertise in many arcs,  To avoid 
this problcm, ~c Guidelines now usc the tcrm "prot'essional judgmcnt" and notc that it is 
hpor tmt  to document thc rationdc for i m p o m :  decisions. 

Same reviewers fclt tfm the Gujdclincs should address effccts only at thc population levcl 
md above. The Guidelines do not make this rcscriction for seveml rcasons. Fkst, some 
assessments, such xj those involving endangered spccics, do involve considerations of individual 
effects. Second, thc decision ;IS to which ecologicd entity to protect should bc thc rcsult, on ;L 
case-by-casc basis, of the planning process involving risk ilssessors, risk mmgcrs ,  and interested 
panics, if npprophtc. Somc suggestions have bccn proposed (US EPA, 1997a). Finally, thcrc 
appears io be somc confusion among tcviewcrs betwccn conducting an asscssmcnt conccrncd with 
population-lcvcl cffects, and using data from studies ofeiTccts on individuals (c.g., toxicity test 

results) to infer population-lcvcl cffects. These infercnccs arc commonIy used (and gcnrmlly 
accepted) in chemical screening programs, such as thc Office of Pollution Prevention and To ics  
Prcmanufacnuing Notification program (U.Sa EPA, 1994d), 

thc Guidelinrs to do morc to cncomgc the use of indices, whilc othcrs felt that thc disndvantigcs 
of indices should rcccivc grcatcr crnphuis. Thc Guidclines discuss both the advmnragcs and 
limitations of wing indiccs to guidc risk assessors in their propcr use. 

"redistic exposure ~sumptions," such s those proposed in the Agency's cspasure guidelines 
(US. EPG 1992b). Although tkc exposure guidclincs offer many useful suggestions that YC 

spplicablc to human hcdth risk assessment it was not possible to gencralizc thc concepts to 

Thc use of cnvironmenul indices rcccivcd ;I number of comcnts. Somc rcvicwcrs wanted 

Other rcvicwcrs rcqucstcd that tlic Guidelines takc n more definitive position on thc usc of 
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c.cologkd risk sscssment. @vcn the various ptrmu~tions of the cqosurc concept for different 
typcs of st~essors or levels of biological org3niz;ltion. Thc Guidelines emphasize thc importance of 
documenting major assumptions (including c;upasurc assumptions) used in c~cl nsscssmcnt. 

physical or bio1ogk.d st~cssots. This topic has bccn includcd in L!IC List of potatid subjects for 
fututc dctailcd trezuncnt (see rcsponsc to question 2, bclow). 

i 
I Sevct.al revicwr~ requested more guidance and m;lmplcs using nonchcmiwl strcssors, ix,, 

3. RESPONSE TO COMMEbTS ON SPECIFIC QUESTIOFS 

seven questions askcd by thc Agency, Thcsc qucsdons, dong with thc Agency's responsc to 

commcnts rcccivcd arc h c d  below. 

Proposed Guidelines emphuskc thc importancc of interactions bcnueen risk usscssors and risk 
managers us well as thc critical role ofproblem formulation in ensuring rt.w the results of rhe 
risk ussessmen~ can be wed for decision mokng, Overall, how compariblc urc thcsc Proposed 
Guia'eiincs with rltc N'tlonal Rescurch Council conccpr of the risk assessment process and rhe 
interactions among risk asscssors, risk munagcrs, and otltcr inrcrcstcdpcrries? 

the biRC report, although some emphasized the nccd for continucd inrcractions among risk 
~scssors, risk managers, and interested partics (or stakcholdcrs) throughout thc ccologiical risk 
ssessmcnt process and asked that. thc Guidelines provide addidonal derails concerning such 
interactions, To give pc3tcr ernpbis to thcsc interactions, the ccologkd risk WtSSmcnt 

diagnm wts modificd to include "htercstcd parties" in the planning box 3t thc beginning of the 
process and "communicating with intcrcstcd pytics" in thc risk management box following thc risk 
wcssment. Some additional discussion conccming intmctitions mong risk 3sscssor~, risk 
managers, and intcrcstcd pytics was nddcd, psticululy to sccdon 2 (plulaing). However, 
although risk assessodrisk mmngcr interrelationships arc discussed, too peat  an cmphsis in this 
m a  is inconsistent with the scope of thc Guidclines, which focus on the intchcc bctwr.cn risk 
assessors and risk managers, not on providing risk mmngcrncnt g u i h c c .  

(2) Thc Proposed Guidelines arc intended to provide a srartingpoint for Agency 
programs und rcgionaf oficcs that wish to prcpmc ccological risk ussesJ*mcnt guidance mired to 
their needs, In addition, the Agency inrends ro sponsor dcvclopmenr of more derailed guidance 
on ccrtain ecological risk asscmncnt topics. kamples might include identification and selection 
of assessment cndpoinrs, selccrion of surrogutc or indicufor spccic$, or the dcvclopnienr and 
application of unccrrainry factors, Considering the sratc ofrhe science of ecological risk 
assessment and Agency nee& andprioritics, whar topics most require udditional piduncc? 

Both the Proposed Guidclhcs and the chargc to thc S;iB for its review c o n h c d  a set of 

(1) Consistent with a rcccnt National Rcscarch Council report WRC, 1996), tircsc 

Most rcvicwcrs felt thm was gcncni compdubility bcnvcen the Proposed Cuide&cs and 
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Reviewers recommended ~umcrous topics for Wcr dcvclopmcnt Examples bcludc: 

0 

8 

8 

. 

I 

I'mdscrrpc ecology 
dm somccs znd quality 
physical and biological stccsso~ 
multiple stxcssofs 
defining rcfcnncc mas for field studies 
ccotoxicity thresholds 
the role of biological and other types of indicators 
bioavdability, bioaccumuhtion, and bioconctnmtion 
uncertainty factors 
stressor-response relationships (c.6.. thrcshold vs. continuous) 

risk communicxion to thc public 
public pardcipation 
comparative ecological risk 
screening and ticring ;~sscssmcnts 
identifying and sclccMg ;LSscssmcnt endpoints, 

risk chmcterintion techniques 

These suggestions will be included in a listing of possible topics proposcd to the Agency's Risk 
Assessment Forum for hture development. 

(2) Some rcvicwers hme suggcsred rhar rhc Ptoposcd Guidclincs shouldprovide more 

disassion of topics rclurcd to rhc use ofjeld observatlonul dutu in rcobgical risk assessments, 
such as selection of reference sires, interprctalion of positive and negative Jcld datu, esrablislring 
causal linhgcs, idcnh5ing mcacurcs ofceological condirion, the role and uses of monitoring, 
und resolving conflicring lincs of evidence bcnvccnjeld and laboratory data, Givcn rhc general 
scope of rhesc Proposcd Guidelines, whar, ifany, addirional marcrial should be udded on thcse 
topics and, ifso, wharprinciples should be highlighred? 

cqandcd. especially in sccuon 41. ~cvcrthclcss, many suggcsrcd topics rcqucsted 3 lcvcl of 
dct3il that was inconsistent with the scopc of thc Guidclincs. Some arcas my bc covcrcd through 
the dcvclopmcnt of fiturc Risk Asscssmcnt Forum documents. 

intent is to cover the juri range of srressors, ccosysrem types, lcvels of biological organkation, 
and spariafhmporal scalcs, rhc conrenrs qf rhc Proposed Guidelines arc limited by the prcscnr 
srare of ;he scitncc and rhe rclutivc. lack of cxpcricncc in applying risk assessmentprinciples to 

In rcsponsc to ;1 number of comments, the discussion officld data in the Guidclincs was 

(4) 2% scope ofrhc Propascd Guidcllnrs fs inrcntionally broad However, while rhc 

4 



t 

some areas. fn particular, given the Agcncy 's present intmst  in cvaluatiqg risks at larger ~pariul 
scales, how could the principles of landrcapc ecolop be more fully incorporated inro the 
Proposed Guidelines? 

Landscape ecology is critical to many aspects of ecological risk sscssmcnt, especially 
assessments conducttcd at lager spatial scdcs. Howcvn, given thc gcned nature of thcsc 
Guidelines and rhe rcsponscs received to this question, the Guidelines could nor bc cxpandcd 
substantidly at this time. This topic has been added to thc list of potential subjects for future 
development. 

( S )  Assessing risks when mulriple srrcssors arc prescnr is a challenging laask The 
problem may be how lo aggcgare risks arrriburable to individual strcsssors or idcnrr$ the 
pn'ncipul snwmrs rcspomiblc for an observed &I, Aithough SOMC upproachesfor evaluating 
risks &sociared with chcmical rnixmrcs ure availuhlc, our abilip fo conduct risk assessments 
irrvoIving multiple chemical, physical, und biological stressors, cspeciully at larger spatial scales, 
is limited, Conseqwntly, rhc Proposed Guidclincs primari1.v discuss prcdicting thc ~$ccrs qf  
chemicct mixtures and general approaches for evaiuaring cuirsaliry of an observed cflect, CViiur 

addirional principles can be added? 
Few addidon31 principles were provided that could be included in the Guidelines, To 

further progress in evduating multiple st~cssors, EPA cosponsored n workshop on this issue, held 
by the Socicty of Environmcntd To;Uicology and Chemistry in Srptcmba 1997, In oddition 
evdwting multiple ~ s s o r ~  is one of the proposed topics for furthcr development, 

(6) Ecologkal risk asscssmenls arcfrequcnt/y conducted in ficrs that proceedfrom 
simple outuations ofceposurc and e f w s  to mort complex osscssmcnts. While !hc Proposed 
Guidelincs acknowledge rhe imporrcnce of tiered asscssmcnrs, rhe wide range of applications of 
riered assessments makcfitrther gencralizarions difficult. Given (he broad scope of the Proposed 
Guidelines, what udditioncl princ@lu for conducting tiered assesmmts can bc discusscd? 

Many rcvimvers cmphzssized the importvlcc of ticrcd asscssmcnrs, and in rcspome the 
discussion of tiered assessments was significantly expalded in thc pluming p k c  of ecologkd rkk 
USesSment. lnchding more detdcd informrition (such as specific dccision critcrin to procccd from 
one ticr to the next) would rcqukc ;1 par~icular context for ~JI sscssment. Such specific pidmce 
is left to the EPA pro= officcs and regions. 

(7) Asscssmmr endpoints are "cxplicir upression of !he rnvironmentd value rhar is to bc 
prorecied. " As ised in the Proposed Guidclincs, umssmcnr endpoints include borh an ccological 
enti? and a specijic atnibutc of the entiry (c.g., eagle reproduction or extm/ of wctlandsj, Some 
reviewers have rccommendcd that awssmenr cndpoinrs also includc a dccision criterion that is 
de-ncd eariy in rhc riskassessmenrprocess (c.s., no inore than c 20% reducrion in rcproducrion, 
no more than a IO% Ioss of wetlands), Wnifc nor prcclucling thispossibility, t/zc Proposed 
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Guidelines mggest that such decisions ore morc appropriately modc during discussions benvccn 
risk assessors and manugws in risk chmactcrization at rhc end of the process. Wmr arc the 
relative merits of each approach? 

criterirr should be dcfincd in problem formulation and thosc who felt just CLS saongly that such 
decisions should be dchycd until risk c b c t c r i P d a n .  Although thc G u i d e h a  contain morc 
discussion of tbis topic, thcy sdll u k c  the pdsidon that asscssmcnt endpoints nccd not contain 
specific dccisioa criteria. 

RCVitwtr miction was quite cvcnly divided bawccn thosc who felt strongly that dcckion 
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