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(Note: R8V1Saon at pretace IS not complete.] 

PREFACE 

This document is a Program-specific process guidance: document. whi~h wal' 
prnducc:d to promote: consistent and technically defensible ecological risk assc:ssmc:m~ 
wnhm the Supc:rtund Program. It is based upon the Fram~work for Eculo.eical Ri.~k 
Anessmenr dc:vc:lnped tty EPA's Risk Assessment Forum. This document dc:scrihc::. ~ 

d · · d d ct"n• t,.'"h";,.~Ja.. d .. f•ns'bl• .. ,."'"'"cal rlS· ·k .... ~ ... ·.-----· 
prtl~'!S~ !~'r ~I=DID: 80 CUD U I e -'-· ···--·~:• -·-· • ~ --~--·•"'41!'" . -...;a_...., .. ~ .......... :. 

"ithin Superfund. 

It is not the intent of this document to determine the appropriate scale or 
complexity of an ecological risk assessment to be conducted at a hazardous waste: site:. 
Addiuonallv. this document is not intended to direct the user in the: selection of specific 
protocols o.r investigation methodologies. Professional judgement is essential in dc:sigmng 
Jnd detemuning the data needs for any ecological risk assessment. However. when the 
process outhned in this document is followed. a technically defensible. appropriately 
s.:Jic:d. and snc:-spc:cific c:cological risk assc:ssmc:nt should result. 

This document is directed to the site managers (i.e_ On-Scene Coordinators 
[OSCs] and Rc:medial ProJect Managers [RPMs]) who are leplly responsible tor the 
management ot the site. However. it is anticipated that the ecological risk assessors. as 
well as all other individuals with input to the ecological risk assessment. will use this 
document. 

Ecological risk assessment is an interdisciplinary faeld drawing upon 
en,·irnnmental toxicology, ecology, and environmental cbemisu,·, as well as other areas 
nf science and mathematics. It is important that users of this document understand that 
~cologtcal nsk ass~ssm~nt 1s a complex and non-linear process with many parallel 
activities. Th~ user should read through thr document in its entirety. as well as· have a 
haste understandmg of ecotox1cology and c:cological risk assessment. prior to evaluating 
the= details ot the ecologtcal nsk assessment process. Without this basic understanding. 
th~ reader m1ght nat recogmze the relaunnsh1ps among different components of the risk 
:ts~rssm~nt process. 

T n ass 1st the= usc:r in interpretin~ this =uidance document. three site illustrations 
~re prnvtd~d in Appendix A. These= arc ~•mrhfic:d site examples which demonstrate and 
htghhght spc:cif1c pomts m the ecologJcal n~l.. .~~~c:ssmc:nt proc~ss. These illustrations arc: 
mcumpl~t~ ::md not mtc:nded to presc:m a th1 n, 1ugh discussion of the ecological or 
c:cmoxtcolnglcal 1ssues that would ex1st at un ~•~.:tual site. lDstead, they are intended to 

illustrate the five steps of the process that precede a full ecoiQiical field inftSliption. 
E:\:cerpts from tbe three illustrations are induded in the pidance document as "Example 
Boxes~ to illustrate specific points. The usc:r ~~ c:ncnurag:ed to read the three i!lustrations 
m Appendtx A in addinon to the Example Buxes within the guidance document itself. 

VI 
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Ecolostical risk assessment is a dvnamic field. and this document represents n 
- . 

process framework into which changes in ecological risk assessment approaches can 

readU~· be incorporated. Four appendices are included with this documc:nt: additinnal 

appendices 11111y be de¥eloped for tbis document to address specific issues. 

This document supersedes EPA's Cl989b) Risk A.ss~sstMnt Guidance for Superj1111d. 

Volume 2: £n.,ironmrmtJI £.,olr•orion M111UUJL as guidance on bD"' to desi~n and cnnduct 

an ecological risk assessment in tbe Superfund Program. lbe £n.,ironmrnza/ £,·oiuoti1m 

.\1anual. however. does contain useful information on the statutor,· and re:ulatnry· basi~ 

uf eculu;ical assessmenL basic ecolo;ical conceptS. and other background infmmatiun 

that is not repeated in this documenL 

vii 
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INTRODUCTION: ECOLOGICAL RISK ASSESSMENT 

FOR SUPERFUND 

This document is a Pro~m-specific process guidance docum~nt. which ·\A.1lS 

produc~d to promme consistent and technically defensible ecologtcal nsk ass~ssm~m~ 

\A.1thm the Sup~rtund Program. It 1S based upon the Frrurwworlc for E.colo~riaJl Ri.d~ 

.·t.uessment develop~d hy EPA's Risk Assessment Forum. This document prov1d~s 01 

process tor desiJnin= and conducting technically defensible ecological nsk assessments 

within Superfund. 

It is not the intent ot this document to determine the appropriate scale: or 

complextty of an ecological risk assessmeJ!t to be conducted at a hazardous wast~ snc:. 

Additionally. this document is not intended to direct the user in the selection of specific 

protocols or investigation methodologies. Professional judgement is essential in designing 

and determining the data needs for any ecological risk assessment. However. when the: 

process outlined in this document is followed. a technically defensible. appropriately 

scaled. and site-specific ecological risk assessment should result. 

This document is directed to the site managers (i.e- OSCs and RPMs) who ar~ 

legally responsible for the management of the site. However. it is anticipated that the 

~mlogical risk assessors. as well as all other individuals with input to the ecological risk 

assessmc:nt. will usc this docum~nt. 

The Comprehensive Environmental Response. Compensation and Liability Act of 

JYgu (CERCLA). as amended by the Superfund Amendments and Reauthorization Act 

nr 198o t SARA). authorizes the United States Environmental Protection Agency (EPA 

m the Agency) to proteCt public health and welfare and the environment irom the 

~==ka~c or potenual release of any hazardous substance. pollutanL or contaminant. Th~ 

~ammal Oil and Hazardous Substances Pollution Contingency Plan (NCP) ca~ forth~ 

tdc=ntittcatJOn and mmgauon of the envtronm~ntal impacts (such as toxicity. · 

bioaccumulatiun. death. reproductive impairmenL growth impairmenL and loss of 

critical habitatl of hazardous waste sites. and tor the selection of remedial actions to 

protect organisms. populations. communities. and ecosystems. In addition. numerous 

other Federal and State laws and regulauons concerning environmental protection are 

pmenually Applicable or Relevant and Appropriate Requirements (ARARs). 

C umpit~nce With these laws and regulam m~ rc=~u1r~s an evaluation of site-related 

c~..:oingtcal etfects and the measures nc=cc:~~~~r:- tn mitigate these effects. 

In respons~ to CERCLA. th~ Sup~rtuml Program established tbe remedial 

mv~sugation and feasibility study (RifFS I pro~.:c:ss ( sc:c: Figure 1) [to be devcloped]. 1 

The RltFS process charactenzes the nature: ami ~xtc:nt of contamination and the 

resulting nsk.s posed by hazardous waste site:. The RIIFRS also d~elops and evaluates 

1 A gr.aphsc LS hctng developed t~r will show the rc~unnshtp of the process c1escribed in this document 

10 the larger Superfund pro~. 

INTRODUCTION. Page 1 
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rc=mc:dial options. Because the RI.FS is 
an analytical process designed to suppon 
risk man•u~ement decision-makin2 tor 
Supc:rtund sites. risk assessment is an 
intc=gral pan of the: RI:'FS. 

Purpose and Context of This 
Guidance Document 

The p~rpose of this guid:lnce 
document is to describe an acceptable 
pn.cess for desigain: aad coaductin: 
ecological risk assessmeats uader tbe _ 
Superfund Program. EPA bas established 

~u1ddmc:s for human hc:alth risk 
assessment for tbe Superfuad program 
lLS. EPA. 1989a. 1991Lb): however. 
w1dely applicable protocols for fonnal. 
site-specific c:cologJcal risk assessment do 

nm eXIst in Superfund or AJeney-wide. 
Risk Assessment Guidtlnce for Su~ 
1 ·olume J: Em'ironmemal £\·aluarion 

HIGHUGHT BOX 1 
The Rl/FS Process 

Risk assessment is an mtc:~l 
pan oi the: Remedial ln\·c:sug:mnn an~ 
Feasibility Study c Rl:FS l. The: three: 
pans of the: Rl arc:: ( 1) 

charaetc:rization of the: n::nure and 
exten! of conu:ni1ution: ~:! ::c:-:i&.~c:-:=.:! 

risk assessment: and (3) human h;alth 
risk assessment. The iDvestigatiun of 

the nature and extent of contamination 
determines the chemicals present on 
site. as well as tbe distribution and 
coaceatratioas of tbe chemicals. The: 
ecological risk and human health risk 

assessmentS determine the potential 
for adverse effeCtS to the: cn\irunmc:nt 
and human health. respectively. 

.\/a11ual (L.S. EPA 1989b) provided conceptual guidance ir. pbmDin: studies to evaluate 

C.J snc: ·s ··c=n,,ronmental resources." where "environmental resources .. is la~ly 

s~·nunymnus with ~ecological resources." EPA also is publishia: supplemental 

information on specific topics in ecol~cal risk assessmeat for Superfund in tbe ECO 

lpdate series l~.S. EPA. 1992b.c. 199lc.d\. However. tbese documents do not describe 

an overall. step-by-step process ~· wbicb an ecological risk assessment is desi~ed and 

executed. Recentt~·. EPA's Risk Assessment Forum established an ~ncy-wide 

FrameH-nrk fur Ecological Risk Assessment (L'.S. EPA. 199"..a). The Framework .provides a 

h:.~s1c structur~ and a consistent approach for conducting and c!\'aluaring ecologieal risk 

:.~ssc=ssmc=nts mdepc:ndent of specific EPA programs. This pidance document describes 

an acc~ptc=d process for conducnng an c:colngJcal risk assessment within the Superfund 

?mgr&Jm that is consistent With the general EPA Framework. While the Agency's 

Framewnrk has no regulatory role. th~ con<.:c=pts arc: appropriate to Superfund and have 

hcc=n mcnrporated With m1mmal moditic&Juon. The ddinitions used in this document 

cand listed in tbe Glossary) are consistent wnh the definitions in the EPA Framework 

llllCUIDt:nt. 

Definition of Ecological Risk Assessment 

Ecolog1cal risk assessment is defined in the: Framework as a process that evaluates 

th~ likelihood that adverse ecolog1cal effects arc: occurring or may _occur as a result of 

c=xposure tn one or more stressors (C.S. EPA.. llN~;. As defined by EPA (1992a). a 

stressor 1s any phys1cal. chc:mJcal. or biological c=ntity that can induce an adverse 

c=cnlogJcal response:. Adverse responses can range: trnm sublethal chronic effeCtS in an 

lNmOOUCTlON. Page 2 
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individual onranism to a loss of ecosvstc:m funCtion. Although srressors can h~:: hHllo!!Ji::J~ 

1 t:.S! .. introduced species). only chemical or physical suessors will be: addressed m tha~ 
do~umem. as these are the: stressors likely to be encountered on Supt:rtund sites. 

Th~ phrase "ecologic::l.l risk assessment." as used specificall~· for the Superfund 

Pn~gram in this document. refers to a qualitative: andtor quanmativ~ appr:usal m tht.' 

actual or potc:nual impactS of a hazardous ~ClSte site on plants and ammals mh~r than 

humans and domesticated species. A risk doc:s not c:xist unless: ( 1) the: strt::.llm ha:. thc:

ahilny to cause: one or more adverse effc:ru. and C:~) it co-occurs ~ith or contact!- •m 

~:::~b;:::l! :::m:;p::m:::nt !ong enough ::r.d a~ " sufficient intcr-.si~· tc dicit tht.' act~r.nfit:.; 

adverse= dfect. 

Framework for Ecological Risk Asse~ment 

The= Fram~work describes the basic elements of a process for scientificall~· 

evaluaung the: adverse: c:fferu of suessors on the: environment. The: document dt:scriht:~ 

the has1c strueture and principles to be: used in ecological risk assessments conducted tnr 

EPA provtdes operational definitions for terms used in ecological risk assessments. and 

outlines bas1c principlc:s around which Program-specific guidelines for ecological nsk 

assessment should be.organized. 

The Fram~work is similar to the National Research Council (NRC) paradigm for 

human health risk assessments (NRC. 1983) and the more recent NRC ecological risk 

paradtgm (SRC. 1993). The 1983 NRC paradigm consists of four fundamental phases: 

hazard Identification. dose-response assessment. exposure assessment. and risk 

.:haractt!nzatton. The Fram~worlc differs from the NRC paradigm in a few "'Bys: 

Problem formulation is added to the ~inning of the process to determine 

the scope of the assessment: 

• Hazard identification and dose-response assessment are combined ·ln an 

ecological effects assessment phase: and 

• The pbrase r dos~response" is replaced by "stressor-response" to emphasize 

the possibility that physical changes twbicb are not usually measured in 

"doses") can stress ecosystems as well as chemical contamination. 

\1oreover. the Fram~worlc emphasizes the para~llel nature of the ecological effects and 

exposure assessments by joining tbe two as!liessments in an analysis phase between 

problem formulation and risk cbaracteri:z.atinn. ·as shown in Figure 2. 

INTROOUCllON. Page 3 
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Durin: problem formulation. the risk assessor establishes the ,oats. breadth. and 

focus of tbe assessment {t:.S. EP.6.. 199lal. As indicated in EPA's Fnzmrwurk.. it is a 

systematic plaa.W., step that ideatifies the major factOrs to be considered. Pntblem 

fonnulation iaciudes a discussion between the lead risk assessor aad lead risk mana~r. 

and ideatifies the stressor characteristics. ecosystems potealially at risk. and ecolc~cal 

effectS tn be evaluated. ·Duria: problem fonnulatioa. assessment an~ measurement 

endpoints are identified: 

.4ss~ssmmt ~ndpoirrts art uplicit upressiDns of 1M tu:tJUJl mvironmrnllll ''tzlu~.'i 

thll! a" 10 IN protected. Mt!DSUrnnDII mdpoirus tur m::DSurabk rupuns~s t11 G 

.nnssor tla111 an nlllled to 1M vlllued clulrru:tnistit:s chosm liS 1M IISS~ssm~m 
~ndpoints (Siller. 1990J {t:.S. EPA. 1992&). 

Assessment endpoints are the focus of tbe risk cbaracterizaticm: they liak the 

measurement endpoints to the risk ma~meat process fe.&-, policy 1oals). The 

outcume of problem formulation is a coaceptual model that describes bow a given 

stressor migbt affect ecoiQiical components or tbe environment. 1be conceptual model 

nlso describes the relatioaships amon1 tbe assessmeat ud measurement endpoints. the 

data required. and tbe methodolQiies that will be used to aaalyze the data (t:.S. EPA. 

199~ 1. (For a full description of tbese concepts. coasult tbe F1'tiiMWDI'k.. which is 

included as Appendix C.) 

Ecological Risk Assessments for Superfund 

In the Superfund Program. substances desipated as hazardous under CERCLA 

1 see 40 CFR 302.4) usually are the: stressors of concern. The goal of the Superfund 

c:cologJcal nsk assessment process is to provide risk information necessary to assist risk 

mJn<.1gc:rs at Superfund snes (i.e:_ On-Scene Coordinators [OSCs] and Rc:mc:dial ProJect 

\1anagc:rs [RPMs]) in making informed decisions. The specific objectivc:s of the process. 

:1~ stated m OSWER Direcuvc: 9285.7-17. arc:: C1) to identify and characterize $he: 

.:urrent and pmc:nual threats to the c:n\1ronmc:nt from a hazardous substance: rc:lease: 

and ( 21 to c:stabhsh clean-up levels that will protc:ct those natural resources at risk. 

Issues such as rc:storauon. mmgauon. and replacement are imponant to the 

Program. but are reserved for irivc:sugatJons that may or may not be included in the: RI 

ph as~. Dunng the management dc:c1sion prncc:ss of sc:lecting the preferred remedial 

nouon lt:admg to the Record of Dc:cJs10n tROD 1. issues of mitigation and restoration 

stmuld he addressed. although they arc~ nm nc:cc:ssarily issues within the baseline 

c:coiogtcal nsk assessment. However. m sc:lecung a n:medy. consideration should be 

r1v~n w how vanous remedial alternauves w1ll rc:ducc: risk and thereby also reduce the 

nc:ed tor rc:storauon or mmgauon. 

A natural resource damage assessment ( ~RDA) may be conducted at any 

Supenund sne at the: diScrc:uon of the Natural Rc:~urce Trustc.:s. --An ecological risk 

J.s.se.s.smem 1S a necessary step for an NRDA. beause it establishes the causal link ,. -

between site contaminants and specific adverse ecological effects necessary for aa NRDA. 

INTRODUCTION. Page 5 
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HIGHUGHT BOX 2 
Ecological Impact and Ri* A8-sment 

11ae eculoJical nst aueu-• wtddll die SaperfaiiCI Pro,nam may tatr H""Cr.al 

fnmu;. It IIIII\' be a risk ~111-tiolt t pntelltiaJiy pndiaive t. mapacl ~lllWitiUil. ur II 

c:nmbinutiua ~~ these appi"'OIdle5. la tbi5 respecL a Saperfaad ecola,iall ris'

ussessmcat oftca is mun: tra~· a reeld eco&opc:al epidemioao,ical ia~aatina thaa a 

tru~ risk usessmcaL 11ac fuactioll5 of tile ecola,ical riiik usasiiiCIIt aft tu: 

111 docume~~t whether ac:taal or poiCIItial ecolofical risk aisU at 11 site 

c ~ 1 sc:reea die coammiuau praat at a she far diose dlat .U,bt pose aa 

ecoaop:al risk. dies eby ftlcable f1a1Mr ellons: ad 

c 31 paerate data 10 be ased ia ewalutblc deu-ap optioas. 

Eroloeical risk assessmeaiS caa baw tlleir llaleSt bdlaace a she~~ iD tM 

rvaluatioa aacl Jetectioa of site raaedies. Tile ecolopc:81 riSk aHIIIIICilt should 

~aerate tarJel deaa-ap ph. prD¥ide a.,..... stick. for die ewalaatioa or the 

cftectivcaess of remedy optioas. aad bawe otMr IIHI ia risk ......-eat. 

To justify a stu actioa based apoa ecokJaical coac:er-. tile ecolocical risk 

~&ssessmeat mast establisb tbat aa actaaJ or poteatial ecoiopcal tlanat aisu at a she. 

TM poteatial for U.c.. risk on impKU caa be die tlanat or im,.U from a flllllre 

release or redistribatioa of cotnaaaiuats. wbicb coald be a~ by ~ actioas oa 

·hot spots· or souru ara.s. ilisk• also caa be viewed as tile UkeliJiood tbat carraat 

impa~cts are ucc:urriac. attbouab they are dltracatt 10 dealo11SU'a1e lc.J.. diaaiaisbed 

pnpulatioa sizeJ. For exampk. It may aot be practical or tec:lulic:alty possible 10 

dncumeat eustia: ecokJcjcal illlpacts.. either dae 10 limited teduaiqae resolatioll. die 

loadiud nature of the actual impacL or limhatioa.s resahiac from die bioktp:al or 

rcologaal coasuaiau of die field mc:asuft'IHIIU fi.c.. measareme~~t eadpoiats. apusare 

puaat ~luatioa 1. Ac:tualty demoastratia: nistiDC impacu c:oafinDs tbat a •risk" · 

ttlSU. Evaluatigz a rradint of existia: impactS adcJDC a pwlieat or coatallliaatioa caa 

providt aa stressor-respoasc assessmet~t tbat belp5 to idelldfy dea....,p leweb. 

4.5 aotcd ahoYC. the ecotocical risL: &SHSS.aat s...,.ld proricle tile iafonaatloa 

nffded to makt risk m.aa.a,emeat dec~ an~ 1 i.e.. 10 select die appropriate she re81edy J. 

Tht rco&~ial risk assessmeaL bow~c-r. ~huuld aol be used 10 jastlfy a paaniaalar 

nu~a~mnt optioiL 

It also can provid~ informatioa oa what residual risks may exist assuminc dill'ereat 

remediation options. However. the ec:ologic.:o.1l nsk assessment does not constitute a 

t.:omplete NRDA. The ponton of the NRDA ~nnd the risk assessment is the sole 

responsibihtv of the Natural Resource Trustee~. nm of EPA: therefore. natural resource 

d01ma2e assessment will not he addressed m thas l!uidancc. For additional information 
~ -
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on the role of Natural Resource Trustees in tbe Superfund process. see £CO C.:pdJztt 

~olum~ 1 •. "iui'Jibu J n:.s. EPA 1992ca. 

This ecological risk assessment ~idance for Superfund is composed of eight stc:p~ 

(see Figures 3 and -') and several scientifictmanagement decision points C SMDPs I. An 

S\-fDP requires a meettng between primar~; risk managers aad risk assessors to e,·alu:ne 

and approve or redirect the work up to that poinL The !!J:'OUJ> decides whether nr Dlll 

the risk assessment is proceeding In a direCtiOn that is ac:c:eptable tO the: riSK :lSSC:SSnr ;md 

the mana2ers. The SMDPs mclude a discussion of the uncenaint\· associated \\1th the 

:-::;!~ ~s::::;~meqt. which can be reduced. if n-:c~ssa~·. -ith ilh.-reased effon. S:vlDP~ a1 e 

st!!nificam communication points which should be passed witb tbe consensus of all 

in-volved parties. This approach is intended to minimize costS and speed up the: 

Supenund risk assessment process. 

This guidance: does not provide the onJy technically valid approach for ec&.'lloglcal 

nsk assessments at hazardous waste sites. The discipline of ccolog~cal risk assessment IS 

dynamtc and continually evolving; the assessments rely on data that are complex and 

somenmes ambiguous. However. if an approach other than the one described in this 

document ts used. there must be clear documentation of the process. including proces.c; 

destgn and mterpretation of the results. to ensure an equivalent and technically 

detensibic= assessment. Oear documentation. consistency, and objectivity in assessment 

processes are necessary for the Superfund Program. · 

This guidance document does not eliminate the need for scientific expertise and 

professional judgmenL An mterdisctplinary team (including. but not limited to. 

r11olO!:!!Sts. ecologists. and environmental toxicologists) is needed to design and conduct a 

~uccc:ssrul nsk assessment. Some of the many pomts at which the Superfund ecological 

:-1~..: a!)!)t:ssmc:m process requ1res proressional judgment include: 

• 

• 

D~termimng the level of cffon needed to assess ecological risk at.a 

particular sne: 

Dc:tc:rmmmg the relevance nt a\-ailabl~ data to the risk assessment: 

Destgnmg a conceptual model nf the= ecological threats at a site and 

measures to assc:ss thos~ thrc:ats: 

Selecnng methods and mudd~ t11 he used in the various components of the: 

nsk assessment: 

Developmg assumpuons tor tnxtl:tty and exposure assessments based on 

lo~nc and scaemihc pnnc1ples tn till data gaps: and 

lnterpreung the ecoiGgtCal Slgtlifi~o:;mce of observed Or-prediCted effects. 
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FIGURE 3 

Steps in the Ecologal Riak Au-ment Pracea 

and Corresponding Decision Points in the Superfund Process 

1. 

-_,_ 

~-

Prc:laminary Problem fonaalalioa aacl Ec:olotical Eftec:u 

E''Miualioa 

Preliminary Exposaft Estimate and Risk Calculatitln 

Problem Formulation: Assessment Endpoint Selection 

T cstablc Hypothesis _, 

Conceptual Mtldel Development: Conceptual M~l 

Measurement Endpoint Selection and S~· Design 

Site Assessment to Collftra Emaap:.J SuapUac 

aad AllaJysis Plu 

6. Site Field l.nvestiptioa 

Risk Characterization 

Risk Management 

5\tDP = Scu:ntific.'Mana,cment Decision Point 

S~IDP 1a1 

s~mP thl 

Sl\·IDP (Cl 

S~IDP Cdl 

SMDP (cl 

1 a 1 Early Rep.aal decisioa ia the Saperf11DCI Acftlcrated Cleaaap Model 

( SACM) CODCel"DiDC priority nr tbe she. . 

Cbl laitiaJ IICJ'ftiDCDl OD SCit~ of the J1SSeSS1De11t aJid work plaa. 

1 c 1 Sipiac approval or IM •urL: plaa aad sampliJI& aad aiUIIysis plaa for 

tM eco6ofical risL. asSb~mcnt. 

1 d 1 Approval of aa~ ctu&~ tu tht" •carl. plu or samplliac aDd aJUalysis 

plu. 

I e I "Sipizac ~ Record or Dec~aun. 
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FIGURE 4 

Site Screening Risk Assessment 
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The lead risk assessor should coordiaate with appn1priate professional to make nuan~ uf 

these decisions. Specialisu are needed for the more tedmical questions concemin: th~ 

risk assessment fe.c-. wbicb modeL wbicb assumptioas). Since teChnical judpuents nr 

interpretations of data .can dlller-. a decision-makiq approach that resolves dilrerences 

in professional juqmeat is .D«e.Ssan.·. 

After the risk assessment is complete. tbe risk maaa,er ma~· require additional 

professional assistance in iaterpretia: tbe implications or tbe baseline ecnlct~ical risk 
assessment and selectiD& a remedial option. This pidaac:e dciCUmeat focuses nn the rid• 

a.'t'>cssmcn.t process in Superfund. and does Dot address all of tbe issues that a ,.;.,t 
manaxrr may need to consider. 

Relationship of the Eight-step EcoiOSJical Risk Aaaeaament Process to the RI/FS 

Process 

[~me: to Reviewers: There will be additional discussion relating the c:igtn-step 

prncc:ss w th~ RIIFS process. referring to the figures in preparation.) 

Th~ risk 61SSc:ssment process must he strUC:tUred to ensure that sit~ managc:mc:nt 

dc::cJsJons can he made without the need for repeated stUdies or delays. The first twu 

steps m the assessment are a streamlined version of the complete Fmm~ork process and 

ar~ mtc:nded to alieNo· a rapid determination by the risk assessor and risk manager that 

the: sne poses no or negligible ecological risk. Steps 3 through 8 are a more detailed 

vc::rs10n of the complete Fram~ork process and reflect cffons to determine a proposed 

m~-spc::cific clean-up goal that is protecnve of the environment- \\ithiD tbe RI/FS 

process. th~ SMDPs for steps 3 and 4 sbould co-oc:car with tbe fiaalization of tbe Work 

Plan fWPl and th~ Sampling and Analysis Plan (SAP) under which the ecolopcal risk 

ass~ssm~nt will be conducted. 

Th~se SMDPs also represent opportunities to coordinate all three compoaeau nf 

an Rl!fS Is~ Bi~bligbt Box 1-1 ). thus ensuring tbat needs of tbe ecolQ~ical and human 

health risk assessments are incorporated into tbe chemical samplia& prop11m to 

d~tennin~ tb~ extent and dqree of contamination. Tbe ecolopcal WP aad SAP 

d~scribed in Steps 3 and 4 cover any additional chemical or biolopcal samplia: aad 

fi~ld studi~s that may be needed for tb~ erol~ical risk assessmeaL WP and SAP 

appnl\'al c::an be viewed as an a~m~nt between tbe lead ecolopcal risk assessor and 

the lead r1sk manager that the designed risk assessment will provide tbe information 

requJred to make sitt management decisiuns. 

T ask5 that should be acc:omphshed in c::ach of the c:ight steps in Figures 2 and 3 

~re pre~c=ntc::d m the: chapters that follow. It is tmponant to realize that this eight-step 

~ppro~ch 1s not a s1mpl~ hnear or sequential prncess. The order of actions taken will 

depend upon the stage of the RIIFS at which the site is currently&. the amount and typeS 

ot sne mbnmmon available. :15 we!l as other factors. The process may be repetitive or 

n~ratJVe: mdrv1dual steps may not be relevant and thus not needed. ln some cases. it .. 

may be: appropnate and desirable to conduct s~vc:ral steps concurrently. 
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It sbould be remembered that tbe establishment of exposure-response 

re .. tioasbips (tbroup tbe use of a ,radieat or exposure or otber means) is critical tu 

aa~· risk assessmeat. 
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CHAPTER 1 
STEP 1: PRELIMINARY PROBLEM FORMULATION AND 

ECOLOGICAL EFFECTS EVALUATION 

CHAPTER OVERVIEW 

Tbe preliminary problem formulation and ecoi«JJical effec:ts e\·aluatiun i~ 

pan of tbe initial ecological risk screeuin: assessmenL In this step of th~ ~agnt

step procc:ss. it is assumed that limited information is available for site 

characterization. as well as for detef'Dlining the extent and nature of 

contamination. This step includes all the functions of problem formulation 

1 mmc: tul1y descrihc:d in Steps 3 and -' ). and ecological effects analysis. hut un a 

screening level. The results of this step will be used in conjunction with 

c::xposurc: estimates in the: preliminary risk calculation in Step :. 

1.1 INTRODUCTION 

This chapter explains the preliminar,· 
problem formulation process and describes 
what data are necessary to screen for 
ecological eftects at the .site. Section 1.:! 
dc::scrihc::s problem fonnulation. focusing on 
tour tssuc::s: 

l. Environmental setting. and 
contaminants known or 
suspected to exist at the site:. 

Contammant tate and 
transpon mc:chamsms that 
rna~· c::xist at the snc::. 

3. The: toxic mechanism 
assoctated with each 
contaminant and cate:ories uf 
receptors likel~· w be affected. 

~. The: complete exposure 
pathways that may exist at the 
site. (A complete exposure 

HIGHUGHT BOX 1 
Screening Evaluations 

Screening-level risk 
assessments are simplified 
assessments that can be conducted 
with limited data ~· assuminc 
values for parameters for which data 
are lackiD:. For Superfund sites, it 
is important to minimize tbe chance 
or type n error (the Ukelibood tbat 
the actual risk is pater tban tbat 
predicted). To ensure tbat sites that 
mi:ht pose an ecoi()Jical risk are 
studied further~ where site-specific 
data are lacking, assumed values 
should consistently be biased in tbe 
direction of overestimatinc risk. 
Without tbis bias. a screeninc 
evaluation could not provide a 
defensible c:onchtsion tbat no 
ec:nlopcal risk exists. 

CHAPTER 1. Page 1 



September 26. 1994 

route is one in which th~ chc:mtcal can he: traced from th~ sourc~ w thc

rc:cc:ptor being evalucnc:d.) 

Section 1.3 describes the preliminary ecol.cal exposure-response e\"aluation and the 

establishment of conuaminant exposure levels that represent a consef'\-ative threshold fur 

ad"·erse ecoi()Jical effects. 

1.2 PREUMINARY PROBLEM FORMULATION 

Environmental Setting and Contaminants at the Site 

To he gin the prelimiaa.,· problem_ fonaulatiQD. there must be at lc:ast a 

rudimentary knowledge of the potential eaYiroameaaal JeUiac aad chemical 

contamination at the site. This information can be compiled from repons related tn th~ 

sne. 1ncluding the Preliminary Assessment (PA) or Site Investigation (51). conducted hy 

the: State. EPA. or hy another interested party. and tbe site bisto.,·. The emironmental 

checklist presented in Repraemarive Sampling Guidtmce Docume1u. VoLume 3: Ecolu_~cal 

( L" .S. EPA. 1994: see Appendix D) is a good source of the basic information needed w 

hegm characterizing the site for problem formulation. 

HIGHUGHT BOX 2 
Industrial or Urban Settings 

Many hazardous waste sites 
exist in currently or historically 
industrialized or urbanized areas. 
In these instances. it can be 
difficult to distinguish between 
site-related and non-site related 
impacts or threats. However. even 
in these cases. it is often 
appropriate to take some actions 
based upon ecol~ical risks. These 
actions might be limited to source 
removal or migbt be more 
extenstve. Thus. even in these 
senings. an ecological risk 
assessment can assist the risk 
manager in detenniniD& what 
action. if any, is appropriate. 

Many Superfund sites are located in 
highly industrialized areas where site-related 
environmental threats may appear to he luw 
or indistinguishable from non-site related 
impacts. or where site remediation may result 

in limited improvement of the overall 
envrronmental quality of the arc:a. However. 
all sites should be evaluated hy qualified 
personnel to determine whether this 
conclusion is appropriate. lnformatidn 
cnllc:cted using the environmental checklist 
n.:.s. EPA. 1~; see Appeadix D) can help 

deu:nnine the level of effon needed to assess 

cr.:nlngical risk at a panicular site. Kc:y 
4u~stinns addressed by the checklist. which 
w1ll help dc:termine whether funher work is 

ncc"kd in Step 1. include: 

• What are the on· and off-site land uses 
(e.g .. industrial residential or 
undeveloped)'! 

• What is the environmental senin&, including natural areas (e.g .. upland forest. 

onsne stream. nearhy wildlife refuge:) a:. well as disturbediman-made areas ( c:.g .. 

waste lagoons)'! 
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• Whether or nm habitats pres~nt on sit~ are potentially contaminat~d or mh~n,·bc 

disturh~d. 

• 'Wh~th~r or not contamination has migrat~d from source areas and r~sult~d in 

.. otf-site'' impactS or the: threat of impactS. in addition to on-site thr~ats. 

The complc:ted checklist will provide information regarding habitats and spc:cae~ 

potentially or actually present on site. potential contaminant migration pathways. 

exposure routes. and the potential for physical environmental disturbance:\ at the sne . 

.. ~.!!~r cmnpleting th~ checklist. it may be possible to determine that no sa~ificant 

c:colo~ncal impactS ar~ occurring or could occur because there are no compl~te ~xposurc 

routes possible. or because there is little or negligible potential for any complete 

~xposure route to be completed in the fu~re. 

Site Visit 

If additional site data are needed to confirm and document the presence or 

ahsc:nce at complete exposure routes. this information should be collected during a 

prc:hmmary site visit. During this site visit. the area of the site contamination should h~ 

c:sttmated (this estimate will be used in the development of an area use factor calculation 

m Step -+ ). and the layout and topography of the site should be noted. Existing ecological 

hahaat types (e.g .. forest. old field. wetland) should be described. and the area covered 

hy these habitats should be estimated. Any observations of animal species or signs of a 

specaes should be recorded. The dominant vegetation species present and soil and water 

types should also be described. The possibility that the area micht be used by any 

endangered or threatened species also should be considered. aad any habitat suitable for 

such species on-site or near tbe site should be noted. 

V1sual observations. existing information and maps. and aerial photographs should 

he used tO identify the presence of sensitiv~ habitats on-site or habitats off-site ,that may 

he: potentially threatened by a contaminant(s) from the site. State and Federal laws (e.g .. 

the Clean Water Act. the Endangered Species Act) designate cenain types of 

c::nvnonmems that require specaal consideration or protection. In addition to habitats 

that me~t spc:cific State or Federal crtt~na. other types of habitat unique to cenain ar~as 

mJy rc:qutrc: spc:ctal attention m the assessment. Tahle 1-1 lists types of habitats that may 

rc::l!uuc src:cJal consJderatton. 

Contaminant Fate and Transport 

Pathways or routes for m1grauon of a contaminant off site (e.g .. windblown dust. 

surface water runoff. erosion. and drainage dttches ). should be described. Along these 

pathways. a d~creasing gradient of contamination may exist with increasing distance from 

Ll sne. altbougb there are exceptions. because physical and chemical characteristics of 

the media sampled also influence contaminant distribution (e.g_.; the pattern of 

contaminated sediment deposition in streams \"Dries depeadiq OD Dow and boUOm 

characteristics). For the preliminary site assessment (which is a very conservative 
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TABLE 1·1: 
UST OF SENSmVE ENVIRONMENTS 
IN THE HAZARD RANKING SYSTEM. at 

Cnm:al hal'lit:at ror Fc:der31 dest~ted endan,ercd or threaten~ spc:cic=s 

\1annc: Sanctu:ar~• 
'\aunnal P:ar._ 
D::su:r.;tc:d Fedc:r.ll WU~erness Area 
Are:a!. idc:litified under the Coastal Zone ManaJemen! Act 

Sc:nsmve areas identified under the National Estuary Program or Near Coastal Water.- Pro~r:am 

Cnucal areas identified under the Oc:an Lakes Program 

~auonal Monument 
!'jauonal Seashore Recreational Area 

'auonal Lakeshore Recre:ational Area 

H:~~nat known to be used ~·Federal designated o~ proposed endanJered or thre:atenc:d spcc1e:~ 

~auoniil Preserve 
'\auonal or Sure Wildlife Refu~e 
L nn of Coastal Barner Resources System 

Coast:al Barrier 1 undeveloped) 
Federal land desi~ated for protection of natural ecosystems 

Aummastr:auvety Proposed Federal Wilderness Area 

Spa\\·mng :areas cnucal for the maintenance of fishlshellfisb species within river. lake. or coastal 

udal waters 
:Vh~r3tury pathways and feeding areas critical for maintenance of anadromous ftSh species within 

n'"c:r re:ach~ or are:lS m lakes or coastal tidal waters in v.1lich tbe fish spend extended 

penod.s of ume 
Tares mal areas utilized for breedin' hv lar,e or dense ag~~tions of animab 

'\auonal nver rc::~cn dc:sagnared as Rc:crc:3ttonal 

Habnat kno\\"TI to be used ny state dest~ted endanJered or threatened species 

Habttat knO\\"TI to he used ~Y spcocs under re'\iew as to Jts Federal endangered or thrcaiencd 

~IJ!U~ 

Coastal Barner tpamally developed l 
Feueral dCStJnated Scenrc or Wild Rtver 

State land desagnated for wildlife or game mana!!ement 

StJte destgnated Sccmc or Wild Rtver 

Part1Lutar ar~. relatively small m stzc:. tmpnn;.~nt tn mlitntenancc of unique: biotic communities 

State destgnaled areas for protecuon or m;unh:nan~.:c: of aquatic life 

.} The cuegones ;ue lasted an groups from tho~ a"t!!ned hiJher factor values to those assigned 

lower factor values an the HRS. See Fukral R,-:.,..,JICT. Vol. 55. p. 51624 for additional information 

regardang definnaom. 
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assessment). the hi2hest levels determm~d or predicted on the site should b~ dncum~mc:d 

nn a medium-by-m-edium basis. The preliminary risk calculntion in Step ~ should hc:lp tl1 

determine whether or not to continue to n more definitiv~. site-specific ecologicnl risk 

ass~ssment. The preliminary risk calculation should not he used to d~termine a "sit~

spc:cific clean-up" level. 

Ecotoxictty and Potential Receptors 

l nderstanding the toxic mechanism of a contaminant is necessar:'· tn e,·aluat~ 

po;tcntial exposure routes. Some contaminauu. for c&Muaplc. nua~ alfcet primaaril~ 

"·enebrate animals by interferia: witb orpn systems not found in invenebrates or plants 

4e.g .. distal tubules of vertebrate kidneys~ venebrate hormone systems). Otber 

substances migbt affect primarily arthropods (e.g., insecticides), plants te.g., berbicidesi 

or other ~ups of orpnisms. For substa"'nces tbat affect. for example. tbe reproduction 

of mammals at much lower exposure levels tban tbey affect otber venebrates. 

invenebrates. or plants. tbe screening ecological risk assessment can initiall~· focus on 

mammals. To demonstrate this point. an example of the toxicity of an organic 

compound (PCBs) is provided in Example Box 1-1. 

Complete Exposure Pathways 

The evnluation of potential exposure routes is one .of the primary taSks of th~ 

prelimmary ecological characterization of the site. It is imponant to identify compl~te 

t!xposur~ pathways prior to evaluation of toxicity to focus the assessment only on those 

EXAMPLE BOX 1·1 
PCB Stte: Ecotoxictty 

Some PCBs are reproductive 
toxins in mammals thaL wbeo 
ingested. act tbrougb tbe induction of 
enzyme systems io tbe liver. The 
enzymc:s are not specific for PCBs nnd 
will also c:nhance the degradation of 
stermd hormones. The reducuon in 
t:lrculaung steroid hormones tmpatrs 
th~ ability of mammals to reproduce:. 
Othc:r effects. such as liver changes. 
are also evtdent at high exposures. 
Gsven thts mformation. the screemng 
c:colo~ncal nsk assessment should 
mclude potenual exposure pathways 
for mammals to PCBs (see Example 
Box 1-2). 

contaminants that can reach ecologicnl 
receptors. For terrestrial animals. th~re 

are three basic exposure routes that n~c:d 

to be evaluated: inhalation. ingestion. and 
dermal absorption. For terrestrial plants. 

root absorption is a common eJ:P.OSUre 
route at hazardous waste sites. For 
animals in aquatic environments, direct 

contact of water witb tbe Jills/dermis and 

ingestioa of food (aad possibly sediments) 

are primary routes of exposure. For 
aquatic plaats. direct contact witb water 

and possibly sediments are primary 
expusure routes. 

The: most likely routes of exposure 

are al~o related to the physical aad 
chemical propenies of the contaminant 

I c:.g .. whether or aot the contaminant is 

hnunu \0 another matrix, such as organic 

carbon). or basic exposure routes 
identified above, more information 
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generall~· is a\'8ilable to quanti~· exposure levels for in:estion ~· terrestrial animals. and 

for direct contact with water ~· aquatic organisms. than for other uposure n•uteS. 

AJthousrh other routes can b~ imponant and should ~ ~\'aluated as dc:terminc:d ~· 

professional judgment. more assumptions are needed to estimate exposure levels for 

those n•utes. and the results are less cenain. 

h rc:cc:ptors that can b~ adversely affected by a contaminant cannot he: c:xpnsc:Li w 
the: contammant. the ~xposure pathway does not need to ~ evaluated. For c:xamplc:. 

suppose a contaminant that impairs rc:praduction in mammals exists on a site: unl~· hc:low 

~ ct..:pth nf tour ic:c:t and is therefore aot aalu:o up a,· piaats. In this case:. a cnmpic:tc: 

c:xpnsurc: routi: for surtacc:-dwelling mammals doc:s not c:x:isL and the: ctmtaminant would 

nm pose a significant risk to this ~oup of organisms. Secondary questions might include: 

whether the contaminant is leaching. or whether the contaminant would he carric:d tu 

ground water that discharges to surface Water. thereby posiDg a risk to the: aquatic 

enVIronment or to terrestrial mammals that drink the water. Whether there arc 

mdt~enous. deep-burrowing mammals that could be exposed to the buried contamination 

must also he considered. 

1.3 PRELIMINARY ECOLOGICAL EFFECTS EVAWAnON 

The nc:xt step in the preliminary risk assessment is the evaluation of the ecological 

effects associated with the chemicals documc:nted or anticipated at the site: and .. 
development of a toxicity profile a ad sc:reeaiag ecotoxich:y nlue for those chemicals.-

A lm:rature search of studies that evaluate: the toxicity (target tissue and dose-response:) 

and mx1c mechamsms of chemicals is necessary to evaluate the likelihood of toxic c:ffc:cts. 

Appendtx B g~ves a basic mtroduction to a literature search. but an expen should he 

consulted tn mimmiZe ume and costs. The toxicil_\· profile should describe: the to>..ic 

mechanisms of action for the exposure route= being evaluated and the: dose or 

envinmmental concentration that causes a specified adverse effect. 

For each complete exposure route. a screeaiag-level emtoxicity value. or 

benchmark.. should be developed. The EPA Office of Emergency and Remedial 

Response lS currently developmg prelimmary c:cological risk calculation numbers 

spc:ciftcally for thJs nsk assessment guidance:. hut until those numbers are available. 

ecntoxicity benchmarks should be develuped fn•m other sources. as described below. 

For each complete exposure mute. the literature should be reviewed for tbe lowest 

expusure level (e.g_ concentration in water ur in the diet, iacested dose) showu to 

prudu~ adverse effects ~e.g_ reduced gntWth. impaired reproduction, increased 

: It as posstble 10 conduct a screenm2 nsk a~~cssm~."nt \\1th limited information and conservative 

assumpuoru If sue-specific antormauon as too hmncJ. huw~-er. the ScientUkJManarement Decision i~ 

almost ccnatn to move the nsll: :J.SSeSSment ante Step' ; thrnugh X. wbie$ may require field-collected data. 

The more complete tbe anmal tntormauon. the better th~." u~&.:bion that can be made at this prehminouy 

sta~e. or at an~· Slafe. 
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EXAMPLE BOX 1·2 

PCB Site: Complete Exposure Pathways 

PCBs are not hiehlv volatile. so the inhalation of PCBs m· animals wnuld h~ 

nn essentiall~· incumpl~'"te ~xposure pathwa~·. PCBs in soils gen~rally ~1r~ nm tak~n 

up hy most plants. hut are accumulated hy soil macroinvertebrates. Thus. 

herbivores would not be exposed to PCBs in most of their diet: whereas 

insectivores. such as shrews. could be exposed to accumulated PCBs in must nf 

lheir diet. For PCBs. the ingestion route would be essentially incomplete for 

herbivores· but complete for insectivores. The relative significance of dermal 

exposure of mammals to PCBs is uncenain: grooming would most likely result in 

ingestion of the contaminant prior to actUal dermal contact. 1be dermal route is 

ve~· difficult to document as a complete pathway, and the uncenainty in exposure 

estimates would he very high. This evaluation indicates tbat the ingestion exposure 

rimte needs evaluation and that an insectivore would be appropriate receptor to 

evaluate for this route. PCBs also tend to bioaccumulate and biomagnify. 

panicularty in aquatic ecosystems. If an aquatic ecosystem were on or near the 

site. the potential for PCBs to accumulate in aquatic food chains also should be 

evaluated. 

monality) in a potential receptor species (i.e_ a lowest-observed-adverse-effect-level or 

LOAELJ. ln addition. the highest exposure level at which no adverse effects have been 

demonstrated 1 no-observed-adverse-effect-level or NOAEL) should be identified. A 

'0AEL is more appropriate than a LOAEL for the initial screening assessment to 

ensure that risk is not underestimated. However. NOAELs are not currently available 

fur man~· wildlife species or many chemicals. In some cases. toxicity data from a related 

species can be used to estimate a NOAEL for a receptor species. When a NOAEL value 

is nnt available but a LOAEL is obtained from the literature. the standard practice is tn 

multipl~· the LOAEL by 0.1 to estimate the !'iOAEL. 

Protess1onal Judgment must he ~mployed at this stage to determine the 

uncc::namty associated with information taken fn•m the literature and any extrapolations 

U!>c::d m d~velopmg a screemng-level ~c.:moxJcny hc:nchmark. Consideration of the stud~· 

des1gn. endpoints. as well as other factnrs are important in determining the utility of 

tuxicn~ data in the ecological risk assessment. Lse of toxicity data for a species 

Lllttc::rent tmm the receptor spec1es should he:: nmed. All of these factors should be 

addressed m the uncenamty analys1s pnor 111 the:: preliminary risk calculation. 

Stud1es wh1ch repon NOAEL.s and/or LOAELs must be reviewed critically to 

c::nsure that th~ study is scJentifJcally sound and appropriate for risk assessment. The 

exposure:: route and dose used m the study should he comparable to the route and 

concentration m the nsk assessment. Data ohtamed in studies where exposure is hy 

mJecuon ur gavage:: may nat be appropnat~ tor estimating tbe dietary concentrations thnt 
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could produce adverse eff~ctS. Dam from long-term exposure studi~s ar~ pr~r~rahl~ tn 

data from single-exposure studies. especially if site exposure is long-term. 

When reviewin2 the literature. one should be aware of the limitations uf puhlish~d 

information in characterizin2 actual or probable hazards at a specific sit~. :\lost 

toxicnlol!ical studies evaluat~ ~ffeas of a single contaminant on a singl~ speca~~ und~r 
comroll~d lahoronory conditions. R~sultS from thes~ studies may not h~ appiicahtt.' tl' til~ 

iic=ld. wh~r~ organisms typically are ~xposed to a mixture of contaminants m situ;,mon~ 

that are not comparahle to a lahoratory study. In a field situation. org;anism~ will alst' o~ 

:;uhi..:c~ m other emironmc:ntal strc:ssors. such as unusual weather Cl1nditiurl). inic:ctll lU:o. 

dJs~as~s. and food sbonages. These "natural" stressors can have either pusitiv~ nr 

ne2auve effectS on the oranism·s response to a toxic contaminant that onlv a su~

sp~cific field study will be~ able to evaluate. Single-species tests seldom pr~de 
inrormation reardimz toxicant-related chan2es in communitY interactions ( e.s: .. heha\"inral - - - . -
changes m prey species which make them more susceptible to predation). Relianc~ nn 

secondary references is discouraged. because the possibilities for stressor interactions are 

unlikel~· tn be apparent in tbe secondary source. Any literature study that is us~d to 

suppon any deciSion must be reviewed. 

For some data repon~d in the literature. conversions may be necessa~· to allow 

them to be used for species different than those tested. A sigaificant body of literature 

exists cunceming species-to-species extrapolations (e.g., see studies in Suter. 1993). 

Yiany doses from laboratory studies are reponed in terms of concentration in the diet 

t c::.g .. mg contaminant/kg diet). Diet concentration should be convened to dose (e.g .. mg 

comammantikg body weight per day). so that dose is not under- or overestimated whc:n it 

ts :1pphc::d tO an organism consummg different amounts of food pc:r body weight. 

A\'erage mgesuon rate and hody weight tor a species often are reponed in 

rele\'ant studtc=s or may be ohtam~d from oth~r literature sources (~.g .. t:.S. EPA 
I 'N.3a.h l tO he= us~d in this general conversion: 

Dose 1 mgtkg-dO!'J = Din tmglkgJ X lni.'Ulion Rill~ (/...~/day) X 1/Bod_vwright (kg) 

Food and water ingestion rates also can be estimated for species for wbicb measured 

"·alues a~ oot available on tbe basis of allnmetric equations and body weight (see t.:.S. 

EPA. 1993a 1. 

The ecotoxicity screening "·alue tur benchmark) obtained as descrihed above will 

mtlu~nce data quahty obJeCtiVes ( m pantcular. th~ implications of detection and 

uuanttt<ltJon lamns). If adverse ecological effects are expected at environmental 

concentrations below Contract Laborato~· Pn~ram (CLP) quantitation limits, a "no 

detect" based oo tbose limits cannot be utilized to support a "no risk" decision. In these 

cases. either exposu~ concentrations will need tn be estimated from otber information 

,,r the risk assessor and risk ma~er will need tn consider requeSting lower detection 

limits. 
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1.4 SUMMARY 

At the conclusion of the preliminary problem formulation. the iollowmg 

information should be compiled: 

1. 

..+. 

Eavironmental setting and contaminants known or suspected tn exist at the: 

sate. and the maximum conec:nmnions present (by media 1. 

Contaminant rate and transpon mechanisms that may exist at the: site:. 

-The ecetoxicity associated with contaminants and likely categories uf 

receptors that could be affected. 

The complete exposure padlways that may exist at the site: from 

contaminaat sources to receptors that could be affected. 

For the screening ecological risk assessment, assessment endpoints will include an~· 

likel~· adverse ecological effects on receptors for which exposure pathways are complete. 

as determined from the information listed above. Measurement endpoints will be based 

un the available literature regarding mechanisms of toxicity. as described more 

tborougbty in the next chapter. lD addition. through the exposure-response evaluation. 

exposure at or above levels at which adverse ecological effects mipt be expected should 

have been established for the contamillanu and exposure pathways of concern. This 

information will be used witb estimated exposure levels in the prelimina~· risk 

Cllculation. as described in Step 2. 
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STEP 2: 
CHAPTER 2 

PRELIMINARY EXPOSURE ESTIMATE AND 

RISK CALCULATION 

CHAPTER OVERVIEW 

The exposure estimate and preliminaJ)' risk calculation comprise the 

second step in the ecological risk screening for a site. Risk is estimated ~· 

comparing maximum likely exposure levels with the sc:reeaiDI·Ievel ecotoxicity 

values from Step 1. At the conclusion of this step. it will be decided that either: 

( 1 , the site preliminary screening is adequate to determine that thert- is linle or 

·no ecoloeical threat; or C2, the ccololrical risk assc:ssmcnt should continue:. 
- -

2.1 INTRODUCTION 

The preliminary risk calculation can he performed using the screening-level 

ecotoxici~· values derived in Step 1 and the exposure levels estimated in this Step. The 

nsk calculauon (Section ~) consists of comparing the exposure estimate (Section ~-~) tn 

the scrc:emng ccotoxic1ty value CScctmn 1.3) using the hazard quotient method. The 

prehmmary nsk calculatton should include: 

• 
• 
• 
• 

A description of the complete exposure route(s) or lack thereof: 

The rc:sult of the hazard quotient calculation: 

A d1scussion of the uncenainty of the hazard quotient: and 

A summary of the overall confidence in the assessment . 

For the purposes cl the prehmmary risk calculation. the Agency will consislently 

u~e conservauve assumptions. It lS 1mpnnant to note that the Scientific/Management 

Dec1s1on made at the end ot the prehmmary nsk calculation will not set a clean-up gnal. 

instead. one: of the: tollowmg will he dt:cu.ic::J: 

1 The ecological risk assessment :-.hould he continued to develop a site

specific clean-up goal. or to reliu~c: uncenainty in the evaluation of no risk: 

or 

The preliminary screemng is aut=4uate to determine that linlc: nr no 

ecolo21cal nsk eXIsts. 

The A2encv must he confident that tnt= s~ac::ntific/Manaszement Decision made: 
- . -

after the completion of this calculation will protc:ct the ecological components of the 
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c:nvironment. The decision to continue bc:yond the preliminary-· risk calculation doc:~ nut 

indicate wbetber risk reduction is necessary at the site. T~t decision will hr mad~ in 

Stc:p f\ of the process. Again. the A!Zc:ncy emphasizes that the results of th: prc:limmary 

risk screenim! in this step are not to be usc:d to define clean-up goals. Thc:1r use as such 

will not be: s~pponed by the: Agency because ~· wnuld likely result in excessive 

cleanups 1 i.e.. cleanups to eavironmenaal concenuations bei«M· what is nec:essar:'· tu 

pn1tect ecological receptors,. 

2.2 PREUMINARY EXPOSURE ESTIMATE 

To estimate exposures for the preliminary ecological risk calculatinn. contamimmt 

levels on-site and general information on the typeS of biological receptors present or 

anticipated on-site should be known. OnJy complete exposure pathways should be 

c:valuated. For these. the his!hest measured or estimated on-site contaminant 

concentration. on a medium:by·medium basis. should be used to calculate c:xposurc:s to 

c:nsurc= that potential ecological tbreau will not he missed. 

Some of the conservative assumptions used in the preliminary exposure estimate 

(in the absence of sound site-specific information) are described below. Specifically 

these assumptions are: 

• Area use factor. 100 percent (related to home range; see Bichl~bt Box !-

1): 
• Bioavailability, 100 pe1cent 

• Sensitive life Stal!e. use of most SCDsiti'ft Ufe stqe: and 

• Body weight. minimum body weipt to maximum iqestion rate. 

For the preliminary c:xposure esumate. the home ra111e is considered to be encompassed 

entirely by the highly contaminated areas of the site. This is a conservative assumption 

and 1s applicable only to the preliminary. or screening. phase of the risk assc:ssment. 

Sne-specific home range information is nc:eded later. in Step 4. to more accurately 

~sumate the percent of time a receptor would utilize a contaminated area (i.e., the arc:a 

use tactor). As indicated in Hi2hli2ht Box 1-1. the home ransze is the area in which an 
- - -

ammal spc:nds most of its rime and obtams its food. If an animal's home range is smaller 

than the contaminated area of the site. th~ animal would obtain 100 percent of iu food 

and water from contaminated areas. Additional factors that influc:nce the duration and 

c:xt~m at exposure (e.g .. whether an am mal 1s migratory. whether it has a home range 

larg~r than the sne. and how Its urn~ spc=nt ;1way trom the site) will be considered in 

Steps 3 and 4 if the conservative assumpunn~ in Step :! indicate a risk. 

For the preliminary exposure esumatc:. the hioavailability of contaminants at the: 

sne is assumed to be 100 percent. This is anmher conservative assumption; it probably 

would not be used in the conceptual model in Stc:p 3 or the final risk calculation in Stc:p 

i. Fo;- example. in the prehmmary exposure: c:stimate. lead (Pb) would be: assumed to he 

100 percent bioawilable. While some literature indicates that mammals absorb 

approXlmately 10 percent of ingested lead. ahsorptinn efficiency can be much higher. up 
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m about 60 percent. because dietary 
tactors such as fasting. as well as calcium 

and phosphate content of the diet. can 
affect th~ absorption rate (Friberg et al .. 
J '1~6 ). Because few species have be~n 
tested tor hina\"ailability. and because 
Steps .:; through X provide an opportunity 
tnr th1s issue to he: sp~cifically addressed. 
the most cnnservati\'c: assumptton is 

~: ~~=-: J~r:~t:: at_ this step. 

Tht! most s~nsitive life stage also 
should be assumed for the preliminary 

nsk calculation. If an early life stage is 
the: most sensitive. the population should 

he assumed to be in this particular life 
stag!:!. Whik this a nat a standard case. it 

1s a pmenual scenario (e.g .. during a 

macromvc:nc:hrate hatch). 

Esumates of body weight and food 

mgesuon rates also should be made 
cnn!>c:rvauvely to avoid understanding risk. 

although uncenainties in these factors are 

far less than the uncenainties associated 

with the environmental contaminant 
cnncentrations. The composition of the 

HIGHUGHT BOX 2·1 
AREA USE FACTOR 

An animal"s area use factor 
(AUF) can be defined as the ratio of 
its home range. breeding ran~e. or 
feeding/foraging range to the area nf 

contamination or the site area under 
investiption. To ensure that 
ecological risks are not 
underestimated. AUFs should be 

selected to maximize the estimated 
exposure to the contaminated area. 
While this assumption may not seem 

realistic in many situations. it can be 

plausible for some. For example. in 

an area contaminated by DDT. 
exposed fiddler crabs can be slow to 

react to predators. Tbe predators. 
rewarded by high success rates 
capturing crabs in the contaminated 
area compared witb elsewhere. might 

conc:enuate their foraging efl'ons in 
that area. 

u1::t ot rmc::nual recc:pmrs should b~ estimated conservatively to maximize exposure. For 

species that feed on more than one type of food. the screening-level assumption should 

be that the diet is composed entirely of whichever type of food is most contaminated. 

Fur instances where surrogates are used for the diet of a receptor. the diet shouiil be 

selected to ensure a complete exposure pathway and to maximize tbe dose estimated for 

the receptor. 

2.3 PRELIMINARY RISK CALCULATION 

.-\ quanmauve screemng nsk value: ~o:<~n he: calculated using exposure estimates 

dc:vdoped accordmg to Secuon ::!.2 and the ~~:rc:c:nmg c:cotoxicity values developed 

:1ccnrdm~ to Sectmn 1.3. A.Jthough several ~pproaches can be used to estimate risk. for 

the prellmmary nsk calculauon. the hazard yuou~nt method comparing single effect and 

exposure values IS adequate. 

The hazard quotient method compares the: estimated exposure levels to the 

measured or predicted threshold value for dtects ( c::.g .. NOAEL for acute or chronic 

toxiCity) (L.S. EPA 1989b). As described in St~p 1 (Section 1.3), for the screening 
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ecolo2ical risk assessment. the ecotoxicity threshold value should be based on th~ 

docu~ented andtor best consen:atively estimated NOAEL 

A hazard quotient is expressed as the ratio of a potential exposure l~vel tn th~ 

ecntnxicity screening "-alue: 

HQ ., Dose or HQ • EEC 
NDAEL NOAEL 

where: 

HQ = hazard quotient: 

Dose = estimated contaminant iDtake (~ m&fkl-clay); 

EEC = estimated environmental conceatration (~ milL water): and 

NOAEL = no-observed-adverse-eft'ects-level (iD uaits that match the dose or 

EEC). 

A hazard quotient greater than 1 is 

Interpreted as a level at which adverse 

c:cologtcal effects are likely to occur. A 

hazard quotient less than 1 does nat 

md1cate a lack of risk. hut should be 

mterpr~tc:d based on the seventy ot the 

c:ttc:ct reponed and the magnitude of the 

calculated quotient. As cenainty in the 

exposure concentrations and the NOAEL 
mcrease. there is greater confidence in th~ 

pred1cuve value of the hazard quouent 

model. and umty (HQ = 1) becomes a 

pass/fail dec1s1on pomt. If muluple 

ct mtammams of ecological concern c:x1st 

at the snc:. n may be appropnate w sum 

the HOs tor contammants Wlth the same 

c:cPioglcal effect endpoint and/or the same: 

mc:chamsm of toXJc effect 1 see Hiehlieht 

Box :-~ l When n ts appropnate to sum 

the HOs. the HO summation should not 

exceed 1. 

The preliminary risk calculation is 

a conservative estimate to ensure that 
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Hazard Index Calculation 

Hazard Index= EEC1,'NOAEL1 + 
EEC .. /NOAEL, + -· + 
EEC;'No~-

EEC = I 
expected environmental 
concentration for the: i'0 

contaminant: 

:"iOAE~ = 
NOAEL for the i'0 contaminant 
(expressed either as a dose or 
environmental concentration): 
and 

EEC and the NOAEJ.: are expressed in 
the: ~arne units and represent the same 
cxpc.lSure period (e.g .. chronic. acute). 
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potential ecological threats will not be overlooked. The calcul~tion is used to document 

a dc:cision about wbetber or not there is a nc:gligiblc: potential tor ecologtcal tmpacts. 

hasc:d on the information available at this stage. 

2.4 SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP) 

The last issue in Step ::! is the SMDP. where the risk assessor commumcates th~ 

results of the: preliminary ecological risk assessment to the risk manager. The: risk 

rr.uiiuazcr ne~ds w decide if the information available: is csucyuaLc to make a n~k 

management decision. The only possible conclusion at this point is either: 

1. 

., 

There is adequate information to determine that little or no risk of adverse 

ecological effects. and therefOre little or no need for remediation: or 

The information is not adequate to make a decision at this point. and the: 

ecological risk assessment process will continue to Step 3. 

Thts decision is definitive. and the risk manager should document both the decision and 

the hasis tor it. 

2.5 SUMMARY 

The result of the preliminary ecological risk calculation step will determine if there 

1s adequate information available regarding the site and its contaminants to complete: the 

c:cologtcal nsk assessment at this step. The lead risk manager and lead risk assessor will 

1.ktermme if there is little or no ecological threat related to the site. If this is the case. 

th~ c:cologtcal nsk assessment will be complete at this step. If not. the ecological risk 

assessment will cnnunue to refine the problem formulation in Step 3. 

The mtent ot this step is nat to derive a ··reasonable" exposure: Steps 3 through X 

arc: the gutdance tor developmg a "reasonable" exposure and for developing a site-specific 

clean-up goal based on the exposure. The uncertainty inherent in the preliminary risk 

assessment step ts btas~d conservanvely hnth m the area use factors and in the site

!>pecittc comammanon:' [OR] Conservative ~ssumptions have been used for eacb step 

of the prelimioa~· ecological risk assessment.:- Therefore. requiring a cleanup basc:d 

~okly on th1s mformauon would not be technu.:ally defensible. The preliminary risk 

·~alculauon must be able to adequately document a decision that there is a negligible or 

no ecological nsk. and that the prehmmary nsk calculation is an adequate ecological risk 

assessment. A lack of mtormauon on the mx1ctty of a chemical or on a complete 

exposure routes will result in dec1ston to cnnunuc with the ecological risk assessment 

process (Steps 3 through 8) - nat a decision to delay the ecological risk assessment until 

a la-.er date when more mformauon will be av.lilahle. 

'!'ljote to revtewers: We are con.sadenng twO different anrroductions to this paragraph. 
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CHAPTER 3 
Step 3: PROBLEM FORMULATION: 

--·~·., ..... -

Assessment Endpoint Selection and Testable Hypotheses 

CHAPTER OVERVIEW 

Step 3 of the eight-step e.:olog:ical risk assessment process begins i.u n=fine 

the preliminar,· prohl~m formulation. expanding on the ecological issu~s that arc 

nf concern for the ecological risk assessment. In Step 3. the assessment ~ndpmnt~ 

are sdected and the questions or hypotheses that the site investigation will answ~r 

arc developed. Problem formulation Will continue ia Step 4 with the dev~lopm~m 

or the conceptual model. Once the assessment endpoints and testable hypmh~ses 

arc established in Step 3. measurem~nt ~ndpoints can be determined and a site: 

mvesugauon can be designed to meet the site needs in Step 4. 

The products of problem fonnulation (Steps 3 and 4) are used to develop 

the site work plan. The work plan specific:s the assessment endpoints and the 

quesuons to be answered by site investigations. It also defines the objectives of 

the sne ecological investigation. 

3.1 THE PROBLEM FORMULATION PROCESS 

Step 3 encompasses the seeping and initial development of the ecological risk 

assessment work plan. which is finalized at the end of the development of the conceptual 

mode I (SteP -l). Through Step 3. crincal questions and issues that need to be address~d 

m thr c:cologJc~l nsk assessment a~ defined based on exposure pathways and ecological 

efTect5 

Evaluating exposure and toxici~ can be complex: environmental fate and 

transpon of multiple contaminants. and tn'\:ici~· tu multiple species. must be evaluated. 

Fnnun~teiv. for individual contaminants. n '" rrc:4u~ntty possible to identify one or mure 

· crmcal oathways" of exposure. which is anticipated to: (1) reOect maximum exposures 

of re~ptors within tbe ecosystem: or (2 1 cunstitute exposure pathways to particularly 

sensitive erologie2l recepto~ (i.e .. -critical species"). This helps to focus the risk 

JS!>essmc:nt and to 1demify the cnucal as~c:~~mc:nt endpoints for the local ecosystem. 

However. if multiple exposu~ pathways exist. they should be evaluated because it usually 

is not possible to predict which pathwa~· rna~ be responsible for the greatest ecolocical 

risk. The assessment endpomts and the sc:t ot 4uc:stions (testable hypotheses) devc:lopc:d 

dunng Step 3. together wnh the products ot the: site: conceptual model. are the bases fnr .. 

the: sne ecological assessment work plan (\VP 1 and the sampling and analysis plan (SAP). 
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This stage of problem formulation is critical because it defines the issues that n~~d tn h~ 

addressed in the site anvesngation C St~p .6 ). 

At the conclusion of Step 3. there is a scic:ntificnnanagement decision point 

1 SMDP) at which thc:re should he aifc:c:mc:nt on the selected assessment ~ndpnanu; and 

the: testable: hypotheses. If the basis- of the questions or the: sc:lectitln ot the: ass~ssmc:m 

pomts is not understood and agreed upoa by the risk ma~~a~er. risk assessor. and the 

other professionals involved with the ecolopc:al risk assessment. then the: study 

developed tram the.conceptual model may not resolve th~ issues that must be aaasidered 

w :=!!::c!!ve!y mana~oe risks. 
, 

In this stace of problem iormularion. some basic information should exiSt tor the: 

sne. At a minimum. information sbould be available from the site bistor,·. prelimiuar,· 

assessment. site inspection. aad StepS 1 alfd 1 of this eipat-step proc:esL For large nr 

complex snc:s. extensive information may be available from historical data or c:arlic:r site: 

anvest1gauons. It is imponut to be as complete as possible early ill the process 10 that 

Steps 3 throu'b 8 aeed aot be repeated. Repedtioa of Step 3 (selection of assessment 

endpoints and/or the testable hypotheses) is appropriate only if new information 

indicating new threats becomes available. The SMDP process should prevent haliug to 

return to the: problem formulation step because of changing opinions on the: questions 

hemg asked. Repetition of Step 3 should not be confused with the tiering ot ecological 

snc: mvesugatJOns at large or complex sites (see Highlight Box 3-1). The pmcc:ss of 

problem formulation at complex sites doc:s not chaa,e, but the number. complexm. 

and'nr l~v~l of resolution of the testable hypotheses can chan,e. 

The complexi~· of the questions developed duriq problem formulation is 

mdc:o~ndent ot site slZe or the magnitude of site contamination. Large areas of 

comammauon may provoke sampl~ questions site converseiy. small sites with numerous 

comammants may requrre a complex senes of questions and assessment points. Thc:rc is 

no rule that can be applied to gauge the c:ffon needed for aa ec:olopcal risk assessment 

has~d upon sne stze or number of contammants: each site should be evaluated · 

mdc:pendently. 

\l. .. hlie problem tormulanon 1s concc:ptually simple. in practice it is generally a 

wmplc:x and mteracuve process. Defimng the: problems involves ideatifyinc toxic 

mechamsms of the contamiDants. identifying potential receptors. aad charactcrizin' 

c:xpnsure and the potential ec:ologtcal c:nct.:b. Tbe remainder of this Chapter describes 

fivr activities to be conducted dunn, Slep 3 prior to tbe SMDP for Step 3: (1) a 

· lilerature searc~ Cl) identification of contaminants of potential ecological concern; (3) 

selection of asse5sment endpoints: (4) expnsure characterization; and CS) hazard 

charactenzation. 
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HIGHUGHT BOX 3-1 
T~ering an Ecological Riak Assessment 

The tierin~ of a site-specific: ecol~cal risk assessment is independent of th~ 

~oals of the ecoto,ic:al risk assessment. Taeriq is 11 cost man~ement mechanism 

fur the site investiption. Reasons for tieria: an ecolopc:al risk assessment ma~· 

inc:lude the size and c:omplexi~· of the site or the need to sequealially test 

interdependent hypotheses developed during problem formulation. 

Steps 1 and 2 of this pidaac:e sene as a first, or screeaia&, tier prior to 

expendmg a larger effon for a detailed, site-specific ecological risk assessment. 

However. it must be understood that, while tiering may be an effective means 

of managing the site investigations. the: necessity of multiple sampling events will 

requtre some rcsampling of matrices sampled during earlier tiers and increased field 

mobilization costs. Thus. in some c:ases. a tiered ecololtical risk assessment mav cost - . 
more than a non-tiered ecological risk assessment. The beaeftts of tiering should be 

weighed against the costs. 

3.2 UTERATURE SEARCH 

It will be necessary to conduct a literature search to obtain much of the 

mtormauon needed for problem formulation. The literature search conducted for the 

preilmmary nsk c:alc:ulation (Step 1) should he expanded to obtain the nc:c:dc:d 

miormauon for the detailed problem formulation. If only preliminary risk screening 

numhers were applied the prelimmary nsic calculation. then a literature search fpr 

\;OA.El...s. LOAELs. and the mechamsms of toxic responses should be completed. A 

dtscuss1on ot some of the factors 1mponant m conducting an appropriate literature search 

IS presented m Appendix B. 

3.3 IDENTIFICATION OF CONTAMINANTS OF POTENTIAL ECOLOGICAL 

CONCERN 

Dunng problem formulauon. a ~c:t nt contaminants to be investigated needs to he 

udme=d. Th~ mmal hst of contammants to he:: mvestigated includes those contaminants 

Jdenutted at the sne. A contammam should nnt be eliminated from the list of 

comammants m be mvesunted onlv because toxJcolo2ical information is lackinR. Durinl! 
- . - - -

th~ prehmmar:v nsk assessment (Steps 1 and ~ ). some of the contaminants found at the 

me rna~ have been ehmmated from funher assessment because they were not beiieved tn 

pose an~ ecologtcal nsk. However. if new intormation becomes available that indicates 

that the mmal assumpuons used in the prehmmary risk assessment are no loapr valid 
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( c:.c .. site: contaminant levels are hi~her than originally reponed. joint action tnxici~· "1lS 

not considered in the prelimina.,· risk characcerizatioa. etc.). contaminants can h~ 

placed back on the list of contaminants to be investigated. 

It may not be necessary to evaluate all contaminants of concern \\ith th~ sam~ 

ri2or. E\-aluation of the fate. uanspon. and ecotoxicity of the contaminants may 

d~termine which onet s) will he of greatest importance in the ecological risk ass~ssm~nt. 

If greater emphasis is placed on specific c:ontaminants. tbe justification for this 

appnaach must be discussed and the potential to underestimate risk described. 

3.4 SELEcnON OF ASSESSMENT ENDPOINTS 

EXAMPLE BOX 3-1 
DDT SITE: Assessment Endpoint Selection 

An assessment endpoint such as "protection 

nf the ccnsystem from the: effectS of DDT' gives 

lmlc: d1recuon to the risk assessment. However. 

"protection of piscivorous birds from eggshell 

thmmng due to DDT exposure" directs the risk 

assessmc:nt toward the food-chain transfer of DDT 
that results in eg~shell thinning. This assessment 

endpoint provides the foundation for the 

identification of appropriate measurement 

endpoints and ultimately the desip of the site 

investigation for tbe site. 

It 1s nm necessary that • specific 

piscivorous species of bird be identified on site. It 

IS necessary that the exposure pathway to a 

plSCJVorous b1rd c:xists and that the presence of a 

plSCJvorous b1rd could be expected. 

As noted iD the 
illtroduc:tioa. an assessment 
endpoint is "an explicit 

expression of th~ emironm~nml 
value that is to be protected" 

(U.S. EPA 1 99~ ). Assessment 

endpoints for the baseline 
ecolopcal risk assessmeat must 
be selected based on the 

ecosystems. communities. 
and/or species that are of 
particular concern at the site. 

Broad assessment endpoints are 

generally of less value in 
problem formulation than 
specific assessment endpoints. 

. 
The formal iderttificatiun 

of assessment endpoints is pan 

of the SMDP for Step 3. 
Regardless of the leveJ of effon 

to be expended on the 
subsequent phases of the risk 

a~~c:~smc=m. the assessment endpomts 1dc:nut1~d are critical elements in the design of th~ 

c:cllhlglcaJ nsk assessment and must he: agrec:L.I upon as the focus of the risk assessment. 

The process of selectin' the assessment endpoints may. however. he iterative and 

mteracnve wtth other phases ot problem tormulation and with the development of the 

conceptual model. lbe selectiou of assessment eadpoiats aad testable hypotheses durinc 

problem tormulauon depends on: 

1. The contamJnants present and their concentrations: 
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., !\tecbanisms of toxicity to dift"erent groups of organisms: 

3. Potential species present: and 

4. Potential complete exposure pathways. 

\\ben selecting assessment endpoinu. there is an important distinction h~n' c::~n 

human risk assessment and ecolo~cal risk assessment. ln a human health risk 

assc:ssment. the only species e\-aluated is the human. and cancer and noncancer ~·stemic 

t:fTects are common assessment eodpoiub. Ec.:ulo!fi&.:4i.i r~k a»c:~ment. un tbe other 

hand. mvolves multiple species tbat are likely to be exposed at different levels and ma~ 

respond dift"erently to tbe same contaminant. Therefore. knowledge of: ( 1) the fate and 

transpon ot the contaminant within the ecosystems at the site; Cl) the specific 

mechanisms of toxicity of the contaminanr in different croups of organisms: and {3) the 

presence ot sensitive receptors at or near the site is imponam in the selection uf 

appropnatc: assessment endpoints. 

Once assessment endpoints bave been selec:tecl. testable hypotheses can he: 

dc\·e lopc:d to determme whether or nm a potential threat to these endpoints exists. 

The assessment endpoints are refined iD Step 4, ud the hypotheses are tested 

during tht: stte investigation phases (Steps 5 and 6) of the ecological risk assessment. lt 

•~ 1mponam that the: problems be: clearly and correctly identified. since inappropriate: nr 

madc:quate problem formulation may lead to unsound management decisions or to 

conciusJOns that do not address stte needs. thereby resulting in lost time and wasted 

resources. 

3.5 EXPOSURE CHARACTERIZATION 

The objective of exposure charactenzation IS tO gather information from which to 

dc:tc:rmmc: the pathways and medta through which ecological receptors may be exposed to 

sn.c: comammants. Thts c:ffon typtcall~ mvolves compiling additional information on: 

' ... 

The ecologtcal semng nt tht: sn~ (including habitat, potential receptors. 

etc.)~ 

The mvemory of contammam-.. that are or may be present at the site; 

The eXlent and magnnude nt tht: contaminant concentrations present. along 

with tbe spatial and temporal variability of tbose concentrations; and 

The: envuonmental tate and transpon of the contaminants. 
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3.5.1 ECOLOGICAL SEmNG OF THE SITE 

Th~ ecololrical seninsz of the stte defines the contaminant transpon pathway~ and 

the environment&! fate of the contaminants. The ecolopcal setting also defines the 

habitat and species that may be exposed and poteatial food chain pathway! s l tt' thnse 

species. 

An initial source of information on the ecoloJical setting of the site is the data 

collected during the preliminary site visit and charaat::rization (Step lJ. mcludtng the site 

ecological checklist iAppendix D). At a minimum. the site: deieription shouiu p1U\ iJe 

answers to the: 1oUowmg questions: 

• What habitats ( e.c-, maple-beecb bardwood forest. early successional fields t 

are preseat? 
• What types of water bodies are presenL If aay'! 
• Do critical habitats for tbreateaed or eadaqered species exist at the site tlr 

in the immediate area of the site? 
• Do aav other habitats listed iD Table 1 aist ODor adjaceat to the site'! 

While all available information must be used. it is Dot critical that complete site 

setting infonnatioa be coUec:ted during this phase of the risk assessment. However. it is 

1mponant that habitats that do exist at the site not be overlooked: bellce. a site visit is 

needed. If a critical babitat tbat is actually preseat OD tbe site is omitted durin& the 

problem formulation phase. this phase will need to be repeated. resulting in delays and 

addmonal costs. 

3.5.2 INVENTORY OF CONTAMINANTS 

Based upon the results of the preliminary risk calculation and other information. a 

hst ot contammants requinng funher ecologJcal risk evaluation is developed. For each 

contammam on the list. the chem1cal tate. transpon. and ecotoxicity must he knOwn. In 

some cases. groups of contammants may he viewed collec:tively. based upon similar 

chem1cal or toXJcologJcal propcntes. However. as noted earlier. it is not appropriate to 

ehmmate a contammant tram the hst hased solely upon a lack of information; rather, 

such a lac:k of information must be discussed as an uac:enaiat:y. In practice. the list of 

contammants that ulumatelv will "dnve·· the ecnloszical risk assessment is likelv to be . - . 
!)mall. even at large or complex Sites. A thmough assessment of all contaminants 

reuuned on the hst of contammants tor the ~ne 1s necessary to ensure that an imponant 

ccologtcal threat 1s net overlooked. 

lt ts 1mponam to realize: that. even at the: same site. contaminants that may pose: 

an ecologtcal nsk can be different rrom tho)e that may pose a human health risk because 

oi dtftenng exposure pathwa~. sensltMues. and responses to contaminants. 
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3.5.3 EXTENT AND MAGNITUDE OF CONTAMINATION 

Information on the concentrations as well as tbe spatial and temporal distrihumm 

of the contamination must be Slathered durin: tbe remedial iavestiption for both th~ 

human and ecological exposur~ assessments. However. the analytical deteCtion limns 

nc:cessary for the human and ecological exposure assessments may be: different. The 

amount of data available for the evaluation of the extent of contamination will \-ary wtth 

the stte histo~· and the phase within the Superfund process the site is in. It is nc:cessa~ 

w h~ able to evaluate how and why the data were collected (i.e_ the sampling design 1 m 

,;rdcr to t=\'aluate how the data can be properly used. If the: available data wc:rc: hta~c:J 

tor worst-case or site-ranking needs or for other purposes. they may not be: appropnatc 

tor accurate evaluation of actual site exposure. 

3.5.4 ENVIRONMENTAL FATE AND TRANS~RT 

Information on how the contaminants will or could be ttansponed or transformc:d 

m the enVlronment physically. chemically. and biologically is used to identify the exposure: 

pathways that may lead to significant ecological effects. 

HIGHUGHT BOX 3-2 
Environmental Fate and Exposure 

If a contaminant is highly lipophilic (i.e_ very water insoluble). it is likely to 

panition primarily into sediments aad aot the water column. Sampling sediments 

for gram-stze distnbution and total organic carbon. which can illlluenc:e contaminant 

panitioning, may be 1mponant in evaluating ecological exposure. 

Phys1call~. comammams may move through the environment by: 

• Volatihzation: 
• Wmd eros1on: 

Deposmon ( contammant smks ): 
• Wc:athc:nng of parent matc:nal wnh subsequent transpon: and 

Water transpon: 
m solution. 
as suspended matc:nal m the water. and 

bulk transpon of soild m<.J tc:nal ( c:.g_ sediments). 

Chem1call~. comammams may undergo: 

De grad a uon 1: 

The product ruy be more to:oc or less tOXIC than tbe pareat compoUDCl. 
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• Complexation: 
• Ionization: 
• Precipitation: and1or 
• Adsorption. 

BioloS!icalJ\·. contaminants ma,·: - . . 

• 
• 
• 
• 
• 
• 

Bioaccumulate: 
Biodc!arade: 
Be transterred within the food web: 

Be transformed 1: 

Be excreted: or 
Be sequestered. 

ORA=-7 

Additional infonnation should be gathered on past as wen as current mechanisms 

of contaminant release from source areas at the site. The mechanism and the chemical 

and/or physical fonn of contaminant release can have an important effect on the fate:. 

transpon. and potential for ecological exposure. 

The above information is used to evaluate: ( 1) where the contaminants are ~ikely 

to be partitioned in the environment: and (2) the bioavailability of the contaminant 

(histoncaUy. currently. or in the future). 

3.6 HAZARD CHARACTERIZATION/ECOTOXICOLOGIC EFFECTS 

The risk assessor must "think thro111b"' the risk assessment 1P determine what 

receptors wiiJ or could be at risk. To aa:ompUsb this, the risk assessor must understand 

the ecotoxicologic effects of contaminanu at the site. This understanding must include 

how the adverse c:ffeets of the contaminants may be expressed. as weU as how the 

chemtcal and phystcal forms of the contaminants influence the type and magnitude of 

:1dverse response. It is necessary to know if the contaminants are direct toxins. adversely 

affecung the organisms in contact with the contaminated media (e.c., water, seclimeat, 

soil). or if the contaminants accumulates in food cbaiDs, l"eSSlltlq ill adverse effects in 

orgamsms that are not directly exposed or are minimally exposed to the oripw 

ccmtammated medta. Given limned resources. it may be aec:essary to make decisions 

abuut tbe scope of the risk assessment. Fur example, sboald the focus of the risk 

assessment be toxicity resulting from direct exposure to contaminated media, or food 

chain accumulation, or both:' 

Ecolog-tcal impacts of a contaminant on an ecosystem can be direct or indirect. 

1mmed1ate or delayed. permanent or revcrsihle. Available information on ecological 

dfects of stressors (e.g .. laboratory toxicity tc:st results. ecological observations made 

dunng the scopmg vtsn (Step 1]) can be used to help focus the mcssment on specific 

stressors or on ecological resources that should he more thoroughly evaluated. For 

~xample. some groups of organisms can be more sc:nsirive (more susceptible) than others 
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to a panicular contaminant for several reasons. First. a species or group of spc=cic=s may 

be= physiologically sensitive to a panicular contaminants. For example. the contammam 

mav interfere with the onzanisms · hormone systems. Or. the= species may not have a 

metabolic system that ca~ detoxify the panicular contaminant( s) (e.g .. honey bees and 

grass shrimp cannot effectively biodegrade P AHs. whereas fish ~eneraU~· can do sol. 

Second. an already stressed species or population 4 e.g_ threatened or endan~ered 

species, ma~· be particulart~· sensitive to any added stresses. 

Variation in sensitivi~· should not be confused with variation in exposure. which 

can result from behavioral and dietary differences among species. For example. 

predators can be exposed to higher levels of contaminants that biomagni~· in food 

chains than herbivores. A specialist predator may feed primarily on one prey type that 

ts a primary receptor of the contaminant. Some species may preferentially feed in a 

ha btta t where the contaminant tends to ac:Cumulate. On the other hand, a species ma~· 

change its behavior to avoid contaminated media. 

3. 7 SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP) 

At the conclusion of Step 3, there is a SMDP. The SMDP consists of agreement 

on rwo items: the assessment endpoints and testable hypotheses. Measurement 

endpoints cannot be developed without this agreement on the assessment endpoints 

among tbe risk manager, risk assessor. and other iDvolved professionals. In addition. 

wnhout the agreement upon the testable hypotheses. a site study cannot be developed. 

3.8 SUMMARY 

By combmmg a knowledge of: ( 1) the contaminants present; (:!.) the ecological 

semn~: ; 3) enVlronmental fate and transpon: ( 4) the life history of potential receptor · 

species: and ( 5) the c=cotoxtcity of the contaminants. an evaluation is made of what 

aspects ot the ecosystem at the site could be at risk and what the adverse ecological 

response cnuld be. "Critical exposure pathways" are identified within habitats for each 

~cologtcal receptor under consideration. The critical exposure pathways may be based 

nn: ( 1 l an exposure pathway to sensitive species populations. or communities: (2) 

predommant fate and transpon mechamsms at a site: and/or (3) specific aspects of the 

ecatoXJctty of the contaminants. 

Problem tormulation summanzes the extstmg information on (1) the ecosystem 

pres~m at the sne. (2) the comammams. and 13) the ecotoxicity of the contaminants. It 

mcorporates the concepts of exposure asse~sment and hazard evaluation to identify 

ecologtcal problems or issues. Thts results m the identification of assessment endpoints 

and spectftc questtons or testable hypoth~sc=s that. together with tbe conceptual model, 

form the basts for the site investigation. It is not critical that complete site-specific 

mtormauon is available on sne exposure pathways and/or the presence of specific species 

at the sne for this step of tbe ecological risk assessment process. Through the 

development of the conceptual model and site sampling and analysis plan, a plan for 

filling information gaps will be developed and tested. 
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Copper Site 

EXAMPLE BOX 3-3 
Assessment Endpoint Selection 

DRAFT 

Copper can be acutely or chronically toxic to the organisms in an aquatic 

community through direct exposure to the water aad sediments. Food chain 

bioaccumulation threats from copper are unlikely to exceed these dir.ect exposure 

threats. This is because copper is an essentinl element and is effectively regulated by 

organisms if the exposure is below toxic levels. An appropriate assessment endpoint 

for an aquatic system may be the integrity of the stream community. 

PCB Site 

The primary ecological threat of PCBs iD ecosystems is not through the direct 

exposure and acute toxicity. Therefore, assessing toxicity dae to direct exposure would 

not be an appropriate assessment endpoint. PCBs bioaccumulate in animals and can 

affect reproductive success in some species, so an appropriate assessment endpoint 

may be reproductive impairment to selected species exposed through the food chain. 

CHAPTEJ=l 3. Page 1 0 



September 26. 1994 
DRAFT 

CHAPTER 4 
STEP 4: PROBLEM FORMULATION: 

Site Conceptual Model, Measurement Endpoint Selection, and 
Study Design 

CHAPTER OVERVIEW 

The development of the site conceptual model that bepD iD Step 3 

continues in Step 4. In Step 3, assessment endpoints were selected and 

testable hypotheses developed for the .conceptual modeL The goals of Step 4 

are to fully describe complete exposure pathways, select measurement 

e~dpoints, and establish the study design and data needs for the ecological risk 

assessment, thereby completing the conceptual modeL The study design 

defines the scope of the investigation, investigation methodologies, and data 

interpretation. Establishment of the study design initiates the analysis phase 

of tbe framework. 

The products of Step 4 are used to develop both the ecological risk 

assessment work plan (WP) and the sampling and analysis plan (SAP). The 

WP and SAP describe the details of the site investigation as well as methods 

of data analysis. Tbe lead risk assessor and the lead risk mauager should 

agree tbat the WP and SAP describe a study that will provide the risk 

manager with the information needed to incorporate ecological considerations 

into tbe site remedial process. Once this step is completed. most of the 

professional judgment needed for the ecological risk assessment should have 

already been incorporated into the design and details of the WP and SAP. 

This does not limit the need for qualified professionals in the implementatidn 

of the investigation. data acquisition. or data interpretation. However. there 

should be no fundamental changes in goals or approach to the ecological risk 

assessment. 

4.1 THE CONCEPTUAL MODEL 

The site conceptual model establishes the complete exposure pathways that will be 

evaluated in tbe ecological risk assessment and the relationship of the measurement 

endpoints to tbe assessment endpoints. The possible exposure pathways are directly 

linked to tbe selection of assessment endpoints in Step 3 and measurement endpoints in 

Step 4. 
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One of the functions of the site conceptual model is to trace contaminant( s) 

through an ecosystem, includin& various food cbains, thereby allowing the risk assessor to 

evaluate: (1) potential threats to chosen assessment en~points; and (1) the 

appropriateness of poteatial measurement endpoints. 

At the completion of Step 4 and the coaceptual model, the ecological risk 

assessment work plan and the sampling and analysis plan also should be complete. The 

WP and SAP should specify: 

• Assessmeat eadpoillts; 
• Testable hypotheses; 
• Site coaceptual model; 
• Measuremeat eadpoiDts; 

• Data aeeds; 
• Study methodology aad protocols; 

• Study design, uacertaillties, aad assumptions; 

• Data quality objectives; 
• Data aaalysis procedures; and 

• Data iaterpretatioa. 

The site coaceptual model caa be used to ideatify the poiats or assumptioas in 

the risk assessmeat that iadude the greatest degree of uac:ertaiaty. Tbe field samplia& 

then can be designed to reduce the major sources of uac:ertaiaty. Typical sources of 

uncertaiaty are the bioavailability and toxidty of coatamiaaats ia the field, and 

contaminant concentrations at exposure poiats. 

EXAMPLE BOX 4-1 
DDT Site: Ecotoxictty 

Data from the literature suggest that DDT can have a bioaccumulatioa factor in 

water as high as- six orders of magnitude ( to6): however, in many systems, the 

actual accumulation of DDT from the environment is substaatiaUy lower than to6. 
Many factors influence the actual accumulation of DDT in the environment. There 

ts considerable debate over the parameters of any proposed theoretical 

accumulation model: therefore. it is advisahle to conduct a field accumulation study 

to deternune Site-specific bioaccumulauon. 

The stte conceptual model identifies thr: critical exposure pathways and the 

ecmoxicological threats posed to specific trophic levels or other ecosystem compoaeats. 

It is not possible to specify what components of an ecosystem should be protec:ted or at 

what level of biological organization assessment endpoiats should be-specified at all 

Superfund sites. At any given Superfund site. the appropriate assessment endpoints may 

involve individual endangered species, local populations of a panicular species, 
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EXAMPLE BOX 4-2 

DDT Site: Description of the Conceptual Model 

One of the assessment endpoints selected for the DDT site (Appendix A) is 

tbe protection of piscivorous birds. 'lbe site conceptual model includes tbe release 

of DDT from tbe spill areas to the adjaceat stream, followed by food chain 

accumulation of DDT from the sediments and water through the lower trophic 

levels to forage fish in the stream. 1be forace fish are the exposure point for 

piscivorous birds. The measurement endpoint selected was egsbeU tbiDning. 

During tbe literature review of the ecological effects of DDT, a toxidty study was 

found that reported reduced reproductive success (i.e., number of young Oedged) in 

birds that experienced eggshell thbming of 20 percent or more. The risk assessor 

and risk manapr agreed that ~sheD thianin& of 20 percent or more. would be 

considered an adverse elfect in the piscivorous birds. The belted kinlfisher was 

sel~ as a piscivorous bird with the smallest home ranee that could utilize tbe 

area of the site, thereby maximizing the calculated dose to a receptor. Because the 

kingfisher was selected as the piscivorous bird species likely to be most exposed, it 

can be assumed that if the risk assessment for the kingfisher indicates that tbere 

is no threat of eggshell thinning in the kingfisher (the measurement endpoint), 

there should be minimal or no threat to other piscivoro~ birds that may utilize 

the site. 

community level integrity, and/or habitat preservation. The site conceptual model must 

encompass the level of biological organization appropriate for the assessment endpoints 

for tbe site. A model that accomplishes this objective may use assumptions or model 

parameters that may or may not be biologically "accurate" for that particular site, but 

whicb are representative of a group of organisms or ecosystem components encompassed 

by the assessment endpoinL The intent of the model is not to be biologically "accurate•• 

as much as it is to be systematic. representative. and conservative (with uncertainties 

tending to be one-directional) to ensure that the assessment endpoints at the site will be 

adequately protected. 

Tb~ existence of contaminant source areas, or "bot spots", frequently requires a 

risk assessor to use assumptions that might not be biologically accurate. However, 

conservative assumptions should ensure that th~ risk posed by these areas is identified 

in the ecological risk assessmenL 

4.2 DEVELOPMENT OF EXPOSURE PATHWAY MODEL 

Based on the informauon obtained from Steps 1 and l of the ecological risk 

assessment process. knowledge of the coutaminants present, and the.results of Step 3, a 

model 1s developed of the contaminants' fate and transpon through the ecosystem to 

receptors that reflect the assessment endpoints (see Example Box 4-3). 
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EXAMPLE BOX 4·3 
DOT Site: Conceptual Model 

MEASUREMENT ENDPOINT l 
(DDT concentnlion In nsh tissue, 

exposure point ror ltlnansher) 

SECONDARY RECEPTOR I • M 
(fish) 

,, 

TER'fiARY RECEPTOR 
(KI .. fisher) 

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

PRIMARY SOURCE SECONDARY SOURCE -1 TERTIARY SOURCE 
(Plant site) (Surr1ce dr•in•ae) (Stre•m lediments, exposure point 

ror nih- mecrolnwertcbntes) ~ 
MARY RECHPTOR 

--- lc m~erolnvertebr1tes, 
rosure rolnt, nsh) 
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Conceptually, the contaminant now diap'am (or exposure pathways_> originates at 

the primary contaminant source( s) and identifies primary release mecbamsms and 

contaminant transport routes. 1be release and movement of the contaminants can 

create secondary sources (e.&-, contaminated sediments iD a river; see Eumple Box 4-4). 

These source/release couplets continue through the ecosystem, leading to the receptors 

associated with the asscssmeat eadpoiDts for the site. For weiJ.clefi.Ded assessment 

endpoints, the flow diagram will follow a logical sequence of steps. A source/release 

couplet tbat docs not lead to a species or group or species associated with the proposed 

assessment endpoint indicates that either: 

( 1) There is an incomplete exposure pathway to the proposed assessment 

eadpoin~ or 

(2) There are missing source/relCJISC couplets necessary to complete the 

pathway. 

ir case (1) is true, the selec:ted assessmeat adpoiDt should be reevaluated to 

determine if it is an appropriate eadpoiDt. If it is aa appropriate eadpoiat, thea there 

are no ecological risks from tbat exposure pathway. If case (2) is true, thea additional 

effort may be needed to evaluate coatam.iDaat fate and transport at the site. Failure to 

identify a complete exposure pathway that does exist at the site caa result iD incorrect 

conclusions or iD exua time aad effort beiJl& expeadecl oa a sapplemeatary iavestiptioa 

to tbe ecolo:ical risk assessment. 

EXAMPLE BOX 4-4 

DDT Site: Exposure Pathway Model 

An abandoned pesticide production facility released DDT to soils through 

poor handling practices. Due to erosion of contaminated soils. DDT migrated to 

stream sediments. The contaminated sediments may affect benthic organisms · 

through direct contact or ingestion. Bentbic orpnisms that have accumulated 

DDT can be cousumed by fish, aad fish tbat bave accumulated DDT caa be 

consumed by piscivorous birds. This example illustrates bow the coatamiDaat 

transport is traced from tbe primal')· source to a secoadary source aad from there 

through a food cbain to an exposure point that can afl'ect the assessmeat endpoint. 

Once the exposure pathways bave been identified, the next step is to identify what 

measures can be used to infer eftects oo the assessment eadpoiat, as de5Cribed ia the 

next section. 
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4.3 DEVELOPMENT OF MEASUREMENT ENDPOINTS 

Measurement endpoints are defined as "a measurable ecological characteristic that 

is related to the valued characteristic chosen as tbe assessmem endpoint" (US. EPA. 

t992a). Measuremcm endpoints are frequently numerical expressions of observations 

(e.g., toxidty test resaiU, commaaky dheaatty ID"•ares) tbat may be compared 

statistically to detect adwne respoases to a lite coataminaat. Tbe relationship between 

measurement and assessment endpoints must be clearly described within the conceptual 

model and based on scientific erideace or jadpaeat. 11aia il critical becaue it is not 

unusual for assessment and measurement endpoints to differ because the auessmeat 

endpoint caDDoC- be measnred directly or bas poor resolatioa (i.e., low lipal-to-noise 

ratio). 

If a measuremem endpoint is misaal(ea for u UtaiiiiCIIt eadpoiat, tbe 

mispc:rcc:ption can arise that Superfund is basing a remediation on an arbitrary or 

esoteric JUStification. For example, protec:tiOD of a few iavenebrate aad a1p1 species may 

be mistaken as tbe basis for a remedial dec:isioa, wbea the ac:tDal dedsioa basis is tbe 

protection of tbe aquatic com.mllllity as a wbole, as i.Ddic:a1ed by a few leiiSitift 

invertebrate and alpl species. 

Each measuremeat endpoial sbould represaat tbe same aposare patbway aad 

toxic mechanism of actioo u the usessmeat eadpoiallt repraeatL Otbcnrise, 

irrelevant exposure pathways or inappropriate toxic mecbanians may be ewalaated 

The measurement endpoints selected may be directly assessed in the site 

mvc:stigatlOn (Step 6 ), or evaluated ia Step 7 asia~ data colleded ia Step 6. Then:: are 

typically hmitc:d numbers of measurement endpoints that an:: potentially appropriate for 

any g1vc:n circumstance. Measurement endpoints sbnuld not be confused with tbe 

measurement of exposure poillt concentnltioDS. For example ia Eumple Box 4-S, tbe 

measurement endpoint ( ez:sbeU thinnia&) is Dot ac:tually mcuared, it il dae expollll'e 

point (i.e.. the DDT concentration iD fora,e ftsb) that is meuared ia dae field 

investiption. Examples of typic:aJ measurement eadpoiats iadade monality, powth, or 

reproduction iD toxicity tests; iDdmdual abundance; aumber of spec:iel; aad preseace or 

absence of indicator taxa iD field surveys of existia& impacts. 

Tbt most appropriate measurement endpoillt(s) for aa assessmeat eadpoiat 

depends on the exposure pathway as well as the c:cotoxicity of the contaminant. 

Measuremtnt tndpoints in field studies or toxicity tests should be evaluated according 

then abihry to attribute the measurement endpoint response to the contaminant(s) being 

studied. In other words, c:::an causal links be made betweeaslte c:outami.Daats and the 

measurement endpoint response"! In addition. statistical considerations, such as sample 

siZe. must be considered iD selectinc tbe measurement eadpoiats. 
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EXAMPLE BOX 4-5 
DDT Site: Maintaining Exposure Pathways in 

Measurement Endpoint Selection 
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In the DDT site example, it was noted that breeding mallard ducks also 

occurred at the site. Because the measurement endpoint inclu1ied eggshell 

thinning, it was suggested that the eggs be collectecl from the duck nests and that 

eggshell thickness be measured to directly naluate impacts of DDT on water birds 

at the site. \Vhile the direct measurement of eggshell thickness seems ac:c:eptable 

conceptually, tbe complete exposure pathway to piscivorous birds, which includes 

multiple trophic levels and the opponunity for DDT to biomagnify in a food chain, 

is lost. Mallards do not feed on fish, instead they consume invertebrates and plant 

materials. Although the invertebrates aJZ likely to ac:cumulate DDT from the 

sediments, fish that feed on the invertebrates are Ukely to acc:umulate even higher 

concentrations of DDT. Thus, mallards are likely to be exposed to lower 

concentrations of DDT in their diet than are piscivorous birds, and therefore may 

not exhibit eggshell thiDDing at environmental concentrations of DDT that would 

cause eggshell thinning in piscivorous birds. Thus, if the eggsheUs of mallards did 

not exhibit thinning, no conclusions could be drawn about risks of eggsheU 

thinning in piscivorous birds. 

4.3.1 SPECIES/COMMUNITY/HABITAT CONSIDERAnONS 

The function of a measurement endpoint is to represent the assessment endpoint 

for the site. The measurement endpoint must allow clear inferences about potential · 

changes in the assessment endpoinL Whenever assessment and measurement endpoints 

are not the same (which usually is the case), measurement endpoints should be selected 

to include risks to the populations, species, or groups included in the assessment 

endpoint that cannot be directly measured. In other words, the measurement endpoint 

should be representative of the site but not lead to an underestimate of the risk to the 

assessment endpoinL 

Assessment endpoints can be limited to one species (e.g., maintaining the 

population of a threatened or endangered species, or of a species known to be 

panicularly sensitive to a site contaminantl. Assessment endpoints more frequently 

encompass a group of species or populations with some common characteristics, such as 

a spe-cific exposure route or contaminant sensitivity. Assessment endpoints also can 

encompass the integrity or maintenance of an entire community or ecosystem. In 

selecung a measurement endpomt. the specic::s and life stage, population, or community 

chosen should be the one( s) most affected hy the contaminant for the assessment 

endpoint in question. For species and populations, this selection is based on a review of 

the spec1es· life history, habitat utilization. bc::havioral characteristics, or physiological 
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parameters. For communities, careful evaluation of the contaminant fate and transpon 

in the environment is essential. 

4.3.2 RElATIONSHIP OF THE MEASUREMENT ENDPOINT TO THE CONTAMINANT OF 

CONCERN 

Additional criteria to consider when selecting measuremem en:ipoints are inherent 
properties (such as the pbysioiOIY or behavior daarac:a:eristics of the species) or life 
history parameters that make a species most useful in evaluating the effects of site
specific contaminants. 

Some species have been ideatified as beiq particularly se~~sitive to cenaiD 
contaminants. For example mink have beeD ideatified as seasitive to PCB exposure for 
physiological reasons. Species that rely oa quick readioas or bella'rioral responses to 
avoid predators may be particularly 1e11sitive to contaminants all'ectiaz the c:eatral 
nervous. system, such as mercury. 

For example, ChironolfWS tenttJnS (a species of midp that is UJeCl as a standard 
sediment toxidty te5tiDc species in the~ stqe) is considered more tolerant of 
metals contamination than is C. riparius, a similar species. To assess the effects of 
exposure of benthic communities to metal-contaminated sediment, C riparius may ·be the 
better species to use as a toxicity test organism, to provide a· more conservative estimate 
of ecological risk. 

EXAMPLE BOX 4-6 
DDT Site: Indirect Effects 

One effect of chronic DDT exposure on some orpaisms is to reduce their 
ability to escape predation. lbus, DDT iDdirectly iDc:reases the mortality rate of 
these organisms by makin: them more susceptible to predators (Cooke 1m, · · 
Krebs et al., 1974). This effect of DDT on prey orpaisms am also have an 
indirect consequeuce for the predators. If predaton are more Ukely to capture the 
more contaminated prey, the predators could be exposed to DDT at levels bi:ber 
than represented in the avera:e prey population. 

4.3.3 MECHANISMS OF ECOTOXICtTY 

When selecting a measurement endpoint. the mechanism of toxicity of the 
contaminants should be reviewed. This is to ensure that the measurement endpoint is in 
fact measuring tbe same toxidty response tbat is of conc:era to the assessment endpoint. 

A contaminant may exen an adverse emlocic:al effect throop many means. Farst, 
a contaminant might affect an orpnism immediately (acutely) or 0\'el' an extended 
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HIGHUGHT BOX 4-1 
Terminology and Definitions 

In the field of ecotoxicology there 

historically have been multiple definitions 

for some terms, including definitions for 

direct effects, indirect effects, acute 
effects, chronic effects, acute tests, and 

chronic tests. This multiplicity of 

definitions has resulted in 
misunderstandings and inaccurate 

communication of study designs. 

Definitions of these and other terms, as ..

they are used in this document, are 

provided in the glossary. When consulting 

other reference materials, the user should 

evaluate how the authors are defining 

terms. 

DRAFT 

period of time (chronically). Second, 

the effect of a contaminant may be 

lethal (killing the organism) or 
sublethal (causing adverse effects 

other than death, such as reduced 
growth, behavioral changes, etc.). 

Sublethal effects can reduce an 

organism's Ufe span or reproductive 

success. For example, if a 
contamill8Dt impairs vision in a ~isual 

predator, the predator may not be able 

to bunt weD eaougb to survive or 

provide for its offspring. Third, a 

contamiaaat may act directly or 

indirectly on an organism. Direct 

effects include lethal or sublethal 

effects by the chemical on the 

organism. Indirect effects occur when 

the contaminaat damages the food or 

habitat of the organism. 

Some contaminants are 

effectively transferred through food chains, while other contaminants are not. To 

illustrate this point. copper and DDT are compared in Example Box 4-7. 

EXAMPLE BOX 4-7 
Copper and DDT Sites 

Copper can be toxic in aquatic systems or to terrestrial plants. However, it 

is an essential nutrient, and concentrations within an organism arc normally 

regulated. For this reason, copper tends not to accumulate iD organisms or 

biomagnify in food chains, and thus tends not to reach levels high enough to cause 

adverse responses through food chain transfer to upper-trophic-level organisms. In 

contrast. DDT. a contaminant tbat accumulates in fatty tissues. can biomagnify in 

many food chains. Upper-trophic-level sp~cies (such as predatory birds) are 

therefore likely to be exposed to higher levels of DDT through their prey than are 

lower-trophic-level species in the ecosystem. 

Mechanisms of ecotoxicity and exposure pathways have already been considered 

during problem formulation and identification of the assessment endpoints. However, 

toxicJty 1ssues are revisited throughout the dc:=vc:=lopment of the site conceptual model in 

order to determine the proper exposure pathway(s) and to select appropriate 

measurement endpoints. 
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4.3.4 fiELD STuDY METHODOLOGY CONSIDERAnONS 

There arc a limited number of fundamental approaches currently available for 
conducting site-specific field investigations on ecological effects. These fundamental 
approaches are: (1) bioaccumulation and field tissue residue studies; (2) population/ 
community evaluations; and (3) toxicity testing. A thorough understanding of the 
strengths and limitations of each approach is necessary to properly design any 
investigation. None of the methods can be successful without supponive information. In 
aU cases, the development of an exposure-response relationship is important for 
evaluating cleanup options; thus, selected methods are typically applied to a 
contamination gradient. The following subsections present a staning point for selecting 
an appropriate approach to a site ecological investigation. 

4.3.4.1 Bloaccumulatlon and Field .:nasue Residue Studies 

Usually, the species upon which an assessment endpoint is based caDDot or 
should uot be coUected and analyzed for contaminant levels. Not only are· there limited 
data relating tissue residue levels to adverse effects, but collection of many individuals 
could result in more harm to the local population than the contaminants might cause. 
Instead, levels or contamination in the food or species or concern should be estimated or 
measured. 

The degree to which a contaminant is transferred through a food chain can be 
evaluated in several ways. The most common type or study reported iD the literature is a 
contaminant bioaccumulation (uptake) study. Bioaccumulation values obtained from a 
literature search can be used to evaluate contaminant accumulation and food chain 
transfer at a Superfund site. Because many environmental factors influence the degree 
of bioaccumulation, sometimes by several orders or magnitude, the most conservative 
(i.e .. highest) bioaccumulation factor reported in the literablre should be used in the 
absence of site-specific information (as descnbed in the discussion of the preliminary risk 
calculation in Step 2. Chapter 2). As stated previously, the selection or consistently 
conservative assumptions should result in tbe uncertainties in the ecological risk 
assessment being in one direction (i.e., the actual risk sboald be less than that 
calculated). To reduce the uncertainty associated with using a literature .alue to 
represent the site. a site-specific tissue residue study must be conducted. 

A tissue residue study generally is conducted on orpnisms that are in tbe 
exposure pathway (i.e., food chain) associated with tbe assessment endpoint. 
Contaminant concentrations are measured in environmental media at the same locations 
at which the organisms are collected. Data seldom are a.ailable to link tissue residue 
levels to adverse effects on the contaminated organisms or on tbe consumers or those 
organisms. Instead, toxicity studies usually associate effects with the administered dose 
(or data that can be converted to an administered dose). 1bus, the purpose or a field 
tissue residue study usually is to measure contaminant concentrations iD foods 
consumed by tbe species associated with the assessment endpoint. This measurement 
minimizes the uncenainty associated with estimating a dose (or intake) to that species, 
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particularly in situations in which several media and trophic levels are in the exposure 
pathway. 

EXAMPLE BOX 4-8 
DDT Site: Tissue Residue Studies 

In the DDT site example (Appendix A), a forage fish (e.g., creek chub) will 
be collected at several locations with known DDT concentrations in sediments. 
The forage fish will be analyzed for body burdens of DDT, and a relationship 
between the sediment DDT levels and the forage fish DDT levels will be 
established. The forage fish DDT concentrations can be used to evaluate the DDT 
threat to piscivorous birds feeding on the forage fish at each location. Where 
potential threats exist from a concentraticm measured in forage fish, the 
corresponding sediment contamination levels can be determi.Ded. These sediment 
DD~ levels then can be used to derive a cleanup level that would reduce threats of 
eggshell thinning to piscivorous birds. 

The concentration of a contaminant( s) in the primary prey/food item also must be 
linked to an exposure concentration from a contaminated medium (i.e., soU, sediment, 
water), because it is the medium, not the food chain, that will be remediated. Co-located 
samples of the contaminated medium must be collected in the same area as the tissue 
samples representing exposure points to establish a correlation between the tissue 
residue levels and contamination levels in the medium under evaluation. These studies 
are most effective if conducted over a range of contaminant concentrations ("i.e., using a 
gradient approach"). In addition, tissue residues from sessile organisms (e.g., rooted 
plants, clams) are easier to attribute to specific contaminated areas than tissue residues 
from mobile organisms (e.g., fish). 

Although it may seem obvious, it is important to confinn that the organisms 
examined for tissue residue levels are in the exposure pathways of concern established by 
the conceptual model. Food items targeted for collection should be those that constitute 
a large portion of the diet of the species of concern (e.g., new growth on maple trees as 
a food source for deer. rather than cattail tubers) and/or represent pathways of maximum 
exposure. If not. erroneous conclusions or study delays and added costs can result. 
Because specific organisms often can only be captured in one season, the timing of the 
study may be critical. and its failure may result in serious site management difficulties. 

There are numerous factors that must he considered when selecting a species in 
which to measure contaminant residue levels. Several investigators have discussed the 
"ideal" characteristics of the species to be collected and analyzed. Philips (1977, 1978) 
and Butler (1971) recommend that the species selected should be: 
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1. Able to accumulate the chemical of concern without being adversely 

affected by the levels encountered at the site; 
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2. Sedentary (small home range) in order to be representative of the area of 

collection; 

3. Abundant in the study area~ 

4. Sufficiently long-lived to allow for sampling more than one age class; 

5. Of reasonable size to give adequate tissue for analysis (10 grams for 

organic analysis, 0.5 gram for metal analysis); and 

6. Easy to sample and hardy enough to survive in the laboratory (allowing for 

the organisms to eliminate some contaminants. from their bodies prior to 

analysis, if desired,. and allowi.ag for laboratory studies on the uptake of the 

contaminant). 

It is usually not possible or necessary to find an organism that fulfills aU of the 

above requirements. The selection of an organism for tissue analysis should balance 

these characteristics with the hypotheses being tested (from problem fonnulation), 

knowledge of the contaminants fate and transport, and the practicality of using the 

particular species. In the following sections, several of the factors mentioned above are 

described in greater detail. 

Ability to Accumulate the Contaminant 

The objectives of a tissue residue study are (1) to provide site-specific estimates 

of exposure to higher-trophic-level orzanisms, and (1) to relate tissue residue levels to 

concentrations in environmental media (i.e., in soil, sediment, or water). Ideally, the 

species selected for collection and tissue analysis should be ones that can accumulate a 

contaminant( s) without being adversely affected by the levels encountered in the 

environment. While it is difficult to evaluate whether a population is affected by 

accumulauon of a contaminant. it is important to determine the level of exposure. 

Exposure that results iD adverse responses may alter the aaimal's feeding rates or 

efficiency. diet. degree of activity, or metabolic rate. Each of these factors can influence 

tbe animal's daily intake or accumulation nf the contaminant. For example, a 

contaminant that causes nausea at low doses may result in less food being eaten. 

Consideration of the physiology and biuchemistry of the species selected for 

residue analysis also is importanL Some spc:ctc:s can metabolize certain organic 

contammant(s) (e.g., fish can metabolize PAHs). If several different types of prey are 

consumed by a species of concern, it would not be appropriate to analyze a prey species 

that can biodegrade the contaminant if other prey species cannot. biodegrade the 

cootaminanL 
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Home Range 

When selecting species for residue analyses, one should be confident that the 

contaminant levels found in the organism depend on the contaminant levels in the 

environmental media under evaluation. Otherwise, valid conclusions about ecological 

risks posed by contaminants at the site cannot be drawn. The home range and 

movement patterns of a species are imponant in making this determination. Organisms 

do not utilize the environment uniformly. For species that have large home ranges or 

are migratory, it is frequently difficult to evaluate potential exposure to contaminants at 

the site. Attribution of contaminant levels in an organism to contaminant levels in the 

surrounding environment is easiest for species with small home ranges and limited 

movement patterns. Examples include young-of-the-year fish, burrowing crustacea (such 

as fiddler crabs or some crayfish), and small mammals. 

Species also should be selected for residue analysis to maximize the overlap 

between the area of contamination and the species' home range or feeding range. This 

provides a conservative evaluation of potential exposure levels. The possibility that a 

species' preferred foraging areas within a home range overlap the areas of maximum 

contamination also should be considered. 

Size of Species Population 

A species selected for tissue residue analysis should be sufticiendy abundant at 

the site that adequate numbers (and sizes) of individuals can be collected to support the 

tissue mass requirements for chemical analysis and to achieve the sample size needed 

for statistical comparisons. The animals actually collected should be not only of the 

same species, but also of similar age or size. The practicality of using a particular 

species is evaluated in Step S. 

Size/Composites 

When selecting species in which to measure tissue residue levels, it is optimum to 

have animals large enough for individual analysis, without having to pool individuals. 

However. composite samples may be used if individuals from the species selected cannot 

yield sufficient tissue for the required analytical methods. H composites are used, they 

should be made up of members of the same species, sex, size, and age. There are some 

instances in which the study design may dictate composites, such as when collecting 

orgamsms that represent the food supply of a species under evaluation. 

Summary 

Although it may be difficult to meet all of the suggested criteria for selecting a 

species for tissue residue studies. an attempt should be made to meet as many criteria as 

possible. No formula is available for ranking the factors in order ofmponance within a 

pamcular site investigation. However, a key criterion is that the organism be sedentary 

or have a limited home range. It is difficult to connect site contamination to organisms 
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that migrate over great distances or that have extremely large home ranges. When a 

wide-ranging species is used, the uncertainty associated with site-specific exposure 

estimate becomes extremely large. Animals that have limited movement, at least within 

the confines of the site area. are better suited for evaluation of contaminant uptake. 

The precedinc subsections introduce only some of the factors that can influence 

contaminant bioaccumulation. Further information is available from the literature (e.g., 

Phillips, 1977, 1978). 

4.3.4.2 Population/Community Evaluations 

Population/community evaluations, or field surveys, are potentially useful 

measurement endpoints for both a contaminant that is toxic through direct exposure to 

the contamina~::d medium and for one that bioac:c:umulates iD food chains. In either 

case, careful consideration must be given to the mechanism of contaminant effects. Since 

population/community evaluations are "impact" evaluations, they are not predictive. The 

release ·of the contaminant must have already occurred and exened an effect in order for 

the population/community evaluation to be an effective tool. 

When population/community evaluations are coupled with toxicity testing and 

media chemistry, the procedure is referred to as the triad approach (Chapman et al, 

1992: Long and Chapman 1985). This method has been effective in defining the area 

affected by contaminants iD sediments of several large bays and estuaries. 

Population and community surveys evaluate the current status of an ecosystem, 

often using several measures of population or community struc:ture (e.g., population 

standing biomass crop, species diversity). The most commonly used measures include 

number of species and abundance of organisms in an ecosystem. These studies are 

useful for evaluating the impact of a contaminants already released into the environment. 

However, these evaluations would not reflect changes in top predator populations 

affected by bioaccumulated substances at concentrations that may not affect species 

lower in the food chain. In addition. some populations, most notably insects, can develop 

a tolerance to contaminants (panicularly pesticides); in these cases, a 

population/community survey may be an ineffective tool for the evaluation of existinc 

impacts. While population/community evaluations can be of great use, it is necessary to 

consider the level of effon needed to conduct them. Several types of population/ 

community evaluations (benthic macroinvenehrate surveys, fish community evaluations, 

and terrestnal plant community evaluations) are identified below. · 

Benth1c macroinvenebrate surveys arc= the most commonly conducted population/ 

commumty evaluauons. There are numerous method manuals (e.g., U.S. EPA 1989c) 

and publicauons that describe the technical procedures for conducting these studies. 

In cenain instances, fish community evaluations have proved to-be useful at 

Superfund sites. However, these investigations typically are more labor-intensive and 
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costly than a comparable macroinvertebrate study. In addition, they generally are not 

sensitive measures of the effects of contamination. 

Terrestrial plant community evaluations have been used to a limited extent at 

Superfund sites. In these cases, it is imponant to include information about historical 

land use and physical habitat disruption in the uncenainty analysis. 

Population- and community-level studies can be valuable, but several factors can 

confound the results. For example, many fish and small mammal populations normaUy 

peak and crash in relation to population density, food availability, and other factors. 

Vole populations have been known to reach thousands of individuals per acre and then 

decline to as low as several individuals per acre the following years without an 

identifiable external stressor (e.g., low food supply). It is important that the "noise of the 

system" be evaluated so that the impacts annbuted to chemical contamination at the site 

are not actually the result of a different, "natural" factor. Populations located relatively 

close to each other can be affected independently: one may undergo a crash while 

another is peaking. Physical characteristics of a site can isolate populations so that one 

population level is not a good indicator of the other; for example, a paved highway may 

be as effective a "natural" barrier as a river, and populations on either side may ftuctuate 

independently. Failure to evaluate these issues may result in erroneous conclusions. The 

level of effort required to resolve some of these issues may make population/community 

evaluations impractical in some circumstances. 

4.3.4.3 Toxicity Testing/Direct Toxins 

The bioavailability and toxicity of site contaminants can be tested directly with 

toxicity tests. As with other methods, it is critical that the media tested are in exposure 

pathways relevant to the assessment endpoint. If the site conceptual model involves 

exposure of benthic invertebrates to contaminated sediments, then a solid-phase toxicity 

test using contaminated sediments (as opposed to a water-column exposure test) and an 

infaunal species would be appropriate. In addition. the species tested and the responses 

measured must be compatible with the mechanism of toxicity. For example, if a 

contaminant primarily causes damage to vertebrate kidneys, the use of daphnids (which 

do not have kidneys) would be inappropriate. Some common site contaminants are not 

toxic to most organisms at the same environmental concentrations that threaten top 

predators because the contaminant biomagnifies in food chains (e.g., PCBs); in these 

cases. toxicity tests are not an appropriate means of evaluating their ecological threat. 

There are numerous EPA methods manuals and ASTM guides and procedures for 

conducting toxicity tests (see references in the Bibliography). While documented 

methods exist for a wide variety of toxicity tests. it. is critical to evaluate what a particular 

toxicity test measures and, just as important, what it does not measure. Questions to 

consider when selecting an appropriate toxicity test include: 

1. What is the mechanism of toxicity of the contaminant(s)? 
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2. What contaminated media are being evaluated (water, soil, sediment)? 

3. What toxicity test species are available to test the media being evaluated? 

4. What life stage of the species should be tested? 

5. What should the duration of the toxicity test be? 

6. Should the test organisms be fed during the test? 

There is a limited number of toxicity tests that are readily available for testing 

environmental media Many of the aquatic toxicity tests were developed for the 

regulation of aqueous discharges to surface waters. These tests are useful tools, but 

consideration of the purpose of the test is necessary. 

New toxicity tests are continually being developed, and they can be of value in 
designing a site ecological risk assessment. However, when non-standard tests are used, 

complete documentation of the specific test procedures is necessary to support use of the 

data. 

4.5 SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP) 

The completion and approval of the ecological risk assessment work plan and 

sampling and analysis plan should coincide with an SMDP. Within this SMDP are: (1) 

agreement about the exposure pathways; (2) selection of measurement endpoints; (3) 

selection of specific investigation methodology, and ( 4) selection of data reduction and 

interpretation methods. The work plan or sampling and analysis plan also should 

specify bow inferences will be drawn from the measurement to the assessment endpoints. 

4.6 SUMMARY 

At the conclusion of the problem formulation and conceptual model phase of the 

ecological risk assessment. there will be an approved work plan and sampling and 

analysis plan. These plans may be pan of a larger work plan and sampling and analysis 

plan that are developed to meet other remedial investiptioa needs, or they may be 

separate documents. When possible. any fidd sampling efforts for the ecological risk 

assessment should overlap with other site data collection eft'orts to reduce sampliag costs 

and to prevent redundant sampling. 

The conceptual model should describe the ecological concerns and provide a ciear 

outline of the study design for addressing the ecological issues. The work plan and/or the 

sampling and analysis plan should specify the methods by which the collected data will be 

analyzed. The plan(s) should include all food chain exposure model parameters, data 

reduction techniques, data interpretation methods, and statistical analyses. 
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CHAPTER 5 
STEP 5: SITE ASSESSMENT FOR SAMPLING FEASIBILITY 

CHAPTER OVERVIEW 

The function of the site assessment step is to verify that the study design for 

the risk asse~sment as specified iD the workplaD and sampliD& and analysis plan 

is appropriate and implementable at the site. DuriDg the site assessment, the 

testable hypotheses, exposure pathway models, measurement endpoints, and study 

design are evaluated for their appropriateness and implementability. 1be 

assessment endpoint, however, should nOt be under evaluation in this step as the 

appropriateness of the assessment endpoint should have been resolved earlier in 

the process. If the assessment endpoint is changed at this step, the process must 

return to Step 3, because the entire process leading to the actual site investigation 

(Step 6, the next step) assumes the selection of the correct assessment endpoints. 

Most of the information necessary for this step should have been gathered 

during earlier steps, including the ecological checklist, although some new 

information may need to be coUected. 

5.1 PURPOSE OF THE SITE ASSESSMENT 

The primary purpose of this step is to ensure that the samples specified by the 

sampling and analysis plan can actually be collected. A species that will be assoc:iatecl 

with a measurement endpoint and/or exposure point concentration will have been 

observed at the preliminary site characterization or noted during previous site visits. 

During this step, previously obtained information will need to be verified and the 

feasibility of sampling will need to be checked by a site visit. Preliminary sampling will 

determine if the species is present and - equally important - collectable using the 

sampling and analysis plan. 

This site assessment also allows for final confirmation of the habitats that exist 

on or near the site. Habitat maps are verified a final time, and interpretations of aerial 

photographs are checked. Final assessments of the qualifications of habitats and species 

for protc:cuon under State and Federal laws arc: conducted. 

Final decisions on reference areas also should be made in this step. The 

reference area should be as similar as is practical to the pan of the "fite being 

investigated. Parameters to be evaluated for similarity include, but are not limited to: 

habitat. species potentially present. soil and sediment characteristics, and water quality 
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parameters. If several on-site habitats are being investigated, ~en several refere~ce 

areas may be required. Reference areas should be as free of site-related conta~ants as 

practical and should not contain additional contamination that may affect the nsk 

assessment. 

5.2 DETERMINING SAMPUNG FEASIBIUTY 

When sampling biota, it is difficult to predict what level of effon will be necessary 

to obtain an adequate number of individuals of the required size:. Population ~-wings are 

not uncommon and may be attnbutable to "natural" factors. such as density effects, 

drought, and flooding. The site investigation should be conducted as soon as possible 

after the site assessment, and during the same growing season, to limit tbe complicating 

effect of those uncontrollable \'Uiables. Few example, evaluation of current population 

density may indicate to the investigator that 400 ttap-DiPts.instead of 50 are necessary 

to colle~ the required number of small mammals in the specified time. 

Sampling methods for abiotic media should also be tested. There is a wide variety 

of sampling devices and methods, and it is important to usc the most appropriate. For 

example: 

• 

• 

• 

• 

When sampling a stream's surface water, if the stream is only three inches 

deep, collecting the water directly into 32-ounce bottles would not be 

practical. 

When analyzing filterable materials. the high algae content of a pond may 

make it almost impossible to filter water through a 0.45~m filter. 

Sampling the substrate in a stream may be desirable, but if the substrate is 

bedrock covered by a film of paniculatcs, it may not be feasible. 

While extent-of-contamination sampling may be conducted in phases if 

difficulties arise within the RifFS. abiotic (exposure media) and biotic 

samples must be collected simultaneously because the interactions (both 

temporal and spatial) between the matrix to be rcmcdiatcd and the biota 

are crucial to the development of a field dose-response relationship. 

A dose-response relationship between contamination and biota response is a key 

component of establishing causality. A ta1lurc: in the collection of one sample.. or the 

collection of temporally uncoordinated samplc:s. can significantly affect the interpretation 

of the data. 

These and other problems associated with the practical implementation of 

sampling must be resolved prior to the full site investigation (Step 7). Assessing the 

feasibility of the sampling plan before the site investigation be&ins saves costs in the 
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long tenn because it minimizes the chances of failing to meet data quality objectives 

during the site investigation. 

Sampling locations need to be checked to make sure that they arc appropriately 

described and placed within the context of the sampling plan. Directions for a sediment 

sample "to be taken 5 feet from the north side of stream A." could cause confusion if the 

stream is only 4 feet wide, or if the sampler doesn't know if the sample should be taken 

in the stream, or 5 feet away from the edge of the stream. All samples should be 

checked against the intended use of the data to be obtained. 

Contaminant migration pathways may have changed, either due to natural causes 

(e.g., storms) or during site remediation activities (e.g., erosion channels may have been 

filled or dug up to prevent further migration of contaminants). Channels of small or 

large streams, brooks, or rivers may have mQVed; sites may have been flooded. All of the 

assumptions of the migration and exposure pathways need to be verified prior to the site 

investigation. If a contaminant gradient is necessary for the sampling design, it is 

important to verify that the gradient exists and that the range of contaminant 

concentrations is appropriate. A range of contamination that causes no impacts at the 

highest concentration measured has as little value as a gradient that kills everything at 

the lowest concentration measured; in either case, the gradient would not provide useful 

exposure-response information. The gradient determination will require chemical 

sampling, but a screening-level evaluation may be adequate.· 

All pathways for the migration of contaminants off-site should be evaluated. such 

as windblown dust. surface water runoff. erosion. and drainage ditches. Along these 

pathways. a gradient of decreasing contamination with increasing distance from the site 

may exist. Site-specific ecological evaluations and risk assessments can be more useful to 

risk managers if gradients of contamination can be located and evaluated. 

Example Boxes 5-l and 5-2 describe the site sampling feasibility assessment step 

for the copper and DDT sites illustrated in Appendix A. 

Note that the scope of the site assessment differed for the two sites. For the 

DDT site. a modification to the study design was necessary. For both sites, the issues 

were resolved and a s1gn-off was obtained at the site assessment SMDP. 

Exposure pathways must be verified. Any change in measurement endpoints will 

require that exposure pathways to the new measurement endpoint be checked. The new 

measurement endpoint must fit into the estahlished conceptual model. Changes to 

measurement endpoints may requrre reV1s1on of the conceptual model and agreement to 

the changes at the SMDP followmg this step. The agreed-upon conceptual model should 

be modified and approved by the same basic group of individuals who developed it. 
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EXAMPLE BOX 5-1 

Copper Site: Assessing Sampli~g Feasibility 

Copper was released from a seep area of a landfill adjacent to a small 

pond: the release and resultiog elevated copper levels in the pond are of 

concern. The problem formulation and conceptual model stated that the 

assessment endpoint was the maintenance of a typical pond community for the 

area, including the benthic invenebrates and fish. Toxicity testing was selected 

to evaluate the potential toxicity of copper to aquatic organisms. 'l'hree 

toxicity tests-were selec:ted: a 10-day solid-phase sediment toxicity test (with the 

amphipod Hyalelltz aneca), and two water column tests (i.e., the 7-day growth 

test with the p-eeD alp SeleiUlSlTUin etqJrit:onwtum and the fathead minnow 7-

day larval growth test). The study design specified that sediment and water for 

the toxicity tests would be collected at the leachate seeps known to be at the 

pond edge. and at three additional equidistant locations transecting the pond 

(including the point of maximum pond depth). lbe pond coatai.Ds water year

round; however, the seep Dow depends on rainfall. Therefore, it is oaly 

necessary to verify that the leachate seep will be active at the time of sampling. 

5.3 SCIENTIFIC/MANAGEMENT DECISION POINT (SMOP) 

The SMDP for the site assessment is relevant only if alterations to the work plan 

or the sampling and aaalysis plan are necessary for the implementation of the site 

investigation. In the worst cases, changes in the measurement endpoints may be 

necessary. with corresponding changes to the testable hypotheses and sampling design. 

Any new measurement endpoints must be evaluated according to their utility for 

inferring changes in the assessment endpoints and their compatibility with the site· 

conceptual model (from Steps 3 and 4). Loss of the relationship between measurement 

endpoints and the assessment endpomts. the testable hypothesis, and the site conceptual 

model wili result in a failure to meet study objectives. 

Depending on the site circumstances and the magnitude of the alterations in the 

sampling and analysis plan, the SMDP may be a verbal agreement, or it may require a 

formal, written agreement to the modificatinns. At a minimum, the changes to the 

proposed investigation must be made in consultation with the risk manager and the risk 

assessors. The risk manager must understand what changes have beea made and why, 

and must ensure that the risk management decisions caa be made from the information 

that the new study design can provide. The risk assessors must be involved to ensure 

tbat the assessment endpoints and testable h~·potheses are still being addressed. 

Despite one's best efforts to conducting a sound site assessment, unexpected 

circumstances may still make it necessary for changes of the sampliDg design to be 
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EXAMPLE BOX 5-2 
DDT Site: Assessing Sampling Feasibility 

For the stream DDT site. the assessment endpoint was protection of 

piscivorous birds from adverse reproductive effects. The conceptual model 

included the exposure pathway of sedimem to forage fish to the kingfisher. The 

measurement endpoint selected was tissue residue levels iD creek chub, which 

could be associated with contaminant levels in sediments. Existing information on 

the stream contamination indicates that a gradient of contamination exists and 

that five specific sampling locations should be sufticient to characterize the 

gradient to the point where concentrations are unlikely to have adverse eft'ects. 

The study design specified that 10 creek chub of the same size and sex be collected 

at each location. Each chub should be approximately 20 grams, so that minimum 

sample mass requirements could be met without relying on the use of composite 

samples for analysis. In addition, QA/QC protocol requires that 10 more fish be 

collected at one of the locations. 

In this example, a site assessment is necessary to verify that a sufficient 

number of creek chub of the specified size are present to meet the sampling 

requirements. Stream conditions must be evaluated to determine what fish 

sampling technique will work at the targeted locations. A field assessment was 

conducted. and several fish collection techniques were used in order to determine 

which was the most effective for the site. Collected creek chub and other fish were 

exammed to determine the size range available and whether the sex of the 

md1v1duals could be identified. 

The site assessment indicated that the creek chub may not be present in 

sufficient numbers to provide the necessary biomass for chemical analyses. Based 

upon these findings. a contingency plan was agreed to, which stated that both the 

creek chub and the longnosed dace (Rhinichzhys cataractae) would be collected: If 

the creek chub were collected at all locations in sufficient numbers, then these 

samples would be analyzed and the dace would be released. If sufficient creek 

chub could not be collected but sufficient longnosed dace could, the longnosed dace 

would be analyzed and the creek chub released. If neither species could be 

collected at all locanons in sufficient numbers. then a mix of the two species would 

be used; however. for any given sne only one species would be used to make the 

sample. In addition. at one location. wh1ch preferably had high DDT levels in the 

· sed1ment. suffic1ent numbers (20 grams) ot hoth species would be collected to allow 

comparison (and calibration) of the accumulation between the two species. 

adopted in the field during the SJte investigation stage. In these instances, a verbal 

approval of the changes is necessary. 
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5.4 SUMMARY 

The site assessment step verifies that the selected assessment endpoints, testable 

hypotheses. expoSure pathway model, measurement endpoints. exposure pathways, and 

study design from Steps 3 and 4 are appropriate and implementable at the site. By 

conductiD& a site assessment prior to tbe fuU site iDvestiptioa, weD-considered 

alterations can be made to the study design and/or implementation, if necessary. These 

cban&es will ensure that the ecolopcal risk assessment meets the study objectives. 
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CHAPTER 6 
STEP 6: SITE INVESTIGATION 

CHAPTER OVERVIEW 

'lbe site investigation includes aU of the field sampling and surveys that 

are conducted as part of the ecological risk assessment. 'lbe site investigation 

should be straightforward, foUowing the work plan and sampling and analysis 

plan developed and tested in Steps 3 through 5. 

The site investigation step of the ecological risk assessment should be 

straightforward. In Steps 3, 4, and 5, all issues related to the study design, data quality 

objectives, mechanisms for data reduction and interpretation as weD as sample 

collection, should have been identified and resolved. The work plan should include the 

selected assessment endpoints, the testable hypotheses, and the site conceptual model. 

The sampling and analysis plan should include the data quaUty objectives and specify the 

necessary number, volume, and types of samples to be collected and the sampling 

techniques to be used. The sampling and analysis plan also should include the data 

reduction and interpretation techniques, since it is necessary to knowu bow the data will 

be interpreted in order to specify the number of samples needed. The feasibility of the 

sampling design was tested in Step 5. Therefore, the s~mpling effort should be a direct 

implementation of the previously designed study. 

In instances where unexpected conditions arise in. the field that make the 

collection of specified samples impractical or impossible, the ecological risk assessment 

process should return to a site assessment mode (Step 5). Field efforts should not 

necessarily b~ halted. but decisions to change sampling procedure or design must be 

agreed to by th~ sit~ manager and risk assessor or project-delegated equivalents. 

Field modifications to study designs arc= not uncommon in field investigations. 

However. wtth a precise conceptual modc=l accumpanied by a study design that has 

specified data analyses, informed modificauons to the sampling plan can be made to 

maintain compliance with the objecttves ot the= study. In addition, contingency plans can 

be incorporated into the study design in anticipation of situations during the site 

invesugation that may require modification. 
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EXAMPLE BOX 6-1 

DDT Site: Fish Sampling Contingency Plan 

At the DDT site where creek chub are to be collected for DDT tissue residue 

aaalyses, a contingency plan for the site investigation was developed. An alternate 

species, the loaposed dace, was specified in the expedatioa that, at one location or 

aU locations, the creek chub may be absent at the time of the site investigation (see 

Example Box 5-%). These contingencies are prudent even when the site assessment 

indicates that the samples are obtainable. 
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CHAPTER 7 
STEP 7: RISK CALCULATION 

CHAPTER OVERVIEW 

In risk calculation, the infonnation on exposure and effects are 

integrated into a statement about risk to the assessment endpoints 

DRAFT 

established during problem fonnulation. A weight-of-evidence approach is 

used to interpret the implications of different studies or tests for the 

assessment endpoints. In a weD-designed study, data analysis should be 

straightforward because the procedureS were established in the sampling and 

analysis plan. The risk characterization section of the baseline ecological risk 

assessment should include a presentation of the risk results and associated 

uncertainties. 

As stated in the Preface, it is not within the .scope of this document to provide a 

detailed guidance on the selection and utilization of the risk model parameters. The risk 

assessor and the risk manager must develop and agree upon the model, its assumptions, 

uncertainties, and interpretation in Steps 3 and 4. This is the function of the SMDPs 

within Steps 3 and 4. Unless the site investigation discovers new infonnation, the risk 

assessment should move smoothly through the analysis phase, answering the questions 

from the testable hypotheses. 

Through Steps 3 and 4 of the ecological risk assessment, testable hypotheses were 

developed and studies were designed to investigate them. Within the study desigri, it was 

necessary to determine the level of test resolution and statistical power desired in order 

to determine the number of samples needed to adequately answer the stated questions. 

Data quality objectives were specified; for example, chemical detection limits were 

established for potentially-contaminated media. and the sample size grid for delineating 

the extent of contamination was specified (l!.S. EPA 1987b, c, 1990a). 

In a well-designed study. the data analyses should be routine, since the procedures 

were specified within the sampling and analysts plan. While it may be appropriate to 

investigate a data ·set for trends. outliers. or other statistical indicators, these 

investigations should be secondary to the spe~o:ified data interpretations. Unless a 

specified data interpretation process is stated in the sampling and analysis plan and 

followed during the risk calculation, biased, multiple, or inconsequential conclusions 

may be obtained. 
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The calculations described in the preliminary risk calculation may be used directly 

in this step of the ecological risk assessment. At this step, however, site-specific data are 

used to replace many of the assumed parameter valu~ for the preliminary risk 

calculation, thereby reducing the uncertainty in the risk calculations. 

For some biological tests (e.g., toxicity tests, benthic macroinvenebrate studies). all 

or some of the data interpretation process may be outlined in existing documents. such as 

in toxicity testing manuals. However, in most cases, it will be necessary to provide details 

on how the data are to be interpreted for a site. While these data interpretation 

methods were described in the sampling and analysis plans, they should be preseoU:d in 

the risk calculation section of the baseline risk assessment report. For example, if the 

triad approach was used to evaluate contaminated sediments, the risk calculation section 

should describe bow the three types of studies (i.e., toxicity test, benthic invertebrate 

survey, and sediment chemistry) are integrated to draw conclusions from the sediment 

triad. 

For many Superfund ecological risk assessments, a weight-of-evidence approach 

will be used. This frequendy will require that dift'~rent types of data be evaluated 

together. These types of data may include toxicity test results, assessments of existing 

impacts on-site, or "true" risk calculations compariDg estimated exposure doses with 

. toxicity values from the literature. Balancing and iDterpretiq the different types of data 

can be a major task. As indicated above, the strength of evidence provided by ditferent 

types of tests and the precedence that one type of study may have over another should 

already have been determined duriDg Steps 3 and 4. This will ensure that data 

interpretation is objective and not designed (i.e., biased) to support a preconceived 

answer. 

Some presentations of risk information are more informative than others. Where 

full exposure-response functions were not available or developed, the quotient method of 

comparing an estimated exposure concentration to a threshold for response can be used, 

as in Step 2. Whenever possible, however, presentation of full exposure-response· 

functions provides the risk manager with more information on which to base site 

decisions. This guidance bas recommended the use of on-site contamination gradients to 

demonstrate on-site exposure-response functions. Where such data have been collected, 

they should be presented in the risk calculation section. The results of in situ toxicity 

testing or community survey data can be mapped along with analytic chemistry data to 

provide a clear picture of the relationship between areas of contamination and effects. 

The risk calculation section should describe bow inferences are made from the 

measurement endpoints to the assessment endpoints established in problem formulation. 

In addition, th~ causal evidence linking ecological effects with site-related contamination 

or physical alterations should be discussed. The uncertainties inherent in the final risk 

estimates also need to be described and quantified to the extent possible. 
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STEP 8: RISK MANAGEMENT 

CHAPTER OVERVIEW 

Risk management at a Superfund site is the responsibility of the site 

risk manager, who must balance risk reductions associated with cleanup of 

contaminants with potential impacts of the remedial actions themselves. In 

Step 7, the risk assessor identified an ecological cleanup goal as a range 

between contamination levels identifiecl as posing no ecological risk and the 

lowest contamination levels identified as likely to produce adverse ecological 

effects. In Step 8, the risk manager evaluates several factors in deciding 

whether or not to clean up to within that range. 

DRAFT 

Risk management is a distinctly different process from risk assessment (NRC, 

1983; U.S. EPA, 1984). The risk assessment establishes that a risk is present and defines 

a range or magnitude of the risk. Risk management then evaluates the criteria for 

selection of the preferred remedy and, using information from the risk assessment and 

the listing of remedial options (e.g., in the feasibility study (FS)), ultimately allows the 

selection of a preferred remedy. 1 

Risk management decisions are the responsibility of the site manager (the risk 

manager), not the risk assessor. The risk manager must be involved in the risk 

assessment. as knowledge of the risk management options may frame the risk assessment. 

The risk manager must understand the risk assessment, including its uncertaintieS, and 

the level of resolution within the assessment. For example, a risk assessment based on 

mortality studies and impacts to a stream community should be given more weight than 

one based on a study of chronic response endpoints in a sensitive species and modeled 

food chain accumulation. In the first case. the study may document that impacts have 

occurred and identify the boundary of these impacts, whereas the second study may 

suggest that a potential for adverse response in the environment exists. The risk 

management decision in both cases may be to take an action; however, in the case of the 

impact study. not taking an action may require a greater justification. 

The NCP describes criteria for removal actions in Section 300.415. Section 

300.415(b)(2) lists the factors that "shall be considered in determining the appropriate 

removal action" as "(i) Actual or potential exposure to nearby human populations, 

1 The current crrteria for the selection of a preferred remedy are likely· to change with Superfund 

reauthonzat•on; therefore. they are not listed here. 
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animals, or the food chain from hazardous substances or pollutants or contaminants; (ii) 
Actual or potential contamination of drinking water supplies or sensitive ecosystems; 
[and] (iii) Other situations or factors that may pose threats to public health or welfare or 
the environment." 

NCP Section 300.430 (remedial investigation/feasibility study and selection of 
remedy states. ''The purpose of the remedy selection process is to eliminate, reduce. or 
control risks to human health and the environment." 

In addition, Section 300.430 of the NCP states that " ... the lead agency shall 
conduct a site-specific baseline risk assessment to characterize the current and potential 
threats to human health and the environment that may be posed by contaminants 
migrating to ground water or surface water, releasing into air, leaching through soil, 
remaining in the soil, and bioaccumulating in the food chain. The results of the baseline 
risk assessment will help establish acceptable exposure levels for use in developing 
remedial alternatives in the feasibility study ... " and "Alternatives shall be developed that 
protect· human health and the environment by recycling waste or eliminating, reducing, 
and/or controlling risks posed through each pathway by a site;" 

The feasibility study uses the risk assessment in conjunction with the remedy 
selection criteria to achieve the goals stated above. However, ecological risk 
management must also take into account that ecological impacts may result from the 
implementation of the selected remedial option. Recognizi.nc that the remedy am have a 
direct impact on the assessment endpoints is an important aspect of ecological risk 
managemenL Therefore, ecological risk management may require balancing between the 
residual risk (i.e., impact) posed by site contaminants after implementation of the 
selected remedy, and the impact of the selected remedy on the environment independent 
of the contaminant effect. The selection of the most appropriate ecologically based 
remedy however, may increase the residual liability at the site. Consideration of the 
environmental effects of the remedy itself may result in a decision to allow higher 
contaminant levels (for which responsible parties are liable) to remain on-site. · 

The selection of a remedial alternative may require tradeoft's between long-term 
risk and shon-term impacts. The ecologicai risks posed by the "no action" alternative 
are the risks estimated by the baseline ecological risk assessmem. For aU other remedial 
options. there may be some ecological impact associated with the remedy. This impact 
might be anything from a shan-term loss of the present habitat and community, to 
complete and pennanent loss of the habitat and community. In the instances where 
ecological impacts will result from the remedy (e.g., dredging a wetland), the risk 
manager will need to compare the impacts of the remedy to the threats posed by the site 
contammauon when selecting the appropnate site remedy. 

The ecological risk assessment should set the limits or boundaries on potential risk 
at the site. The: lower boundary of risk would be based on consistent-eonservative 
assumptions and NOAEL values. The upper boundary would be based on observed 
impacts or predictions that ecological impacts could be occurring. This upper boundary 
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would be developed usiDc consistent assumptions, site-specific data, LOAEL values, or an 

impact evaluation. 'lbe boundaries of potential risk under baseline conditions can be 

compared with the evaluation of the impact of the remedial options in the feasibility 

study to justify the preferred remedy. The preferred remedy should provide overall 

protection to the environment within the context of long- and shon-term risks. 

As indicated above, the selected remedial option may not remove aU risk posed by 

in-place site contaminants. 'lbus, if residual levels of contaminants presumed to pose an 

ecological risk are left in place, there needs to be clear justification for the selected 

remedy. The risk manager should have a thorough understanding of the ecological risk 

assessment. including the uncertainties associated with the assumptions used. An 

understanding of potential adverse effects posed by residual levels of site contaminants 

and the statistical uncertainties associated with the risk assessment is critical in evaluating 

the overall protectiveness of any remedy. 

The risk management decision should lead to an action that will result in residual 

comammant levels that are above the risk assessment NOAELs and below the LOAEI..s. 

The cleanup goal need not be below the level at which the ecological risk assessment 

estimates that no risk exists, since remediation to this level would be excessive. Similarly~ 

the target cleanup goal should not be above the level at which the risk assessment 

estimates that adverse ecological effects will reoccur. However, there may be specific 

instances in which the management decision is to clean up tO contaminant levels outside 

this range if adequate justification for such a decision is provided. 
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This glossary includes definitions from several sources. A superscript number next 

to a word identifies the reference from which the definition was adapted (listed at the 

end of the Glossary). 

Abiotic. 1 Characterized by absence of life; includes such factors as temperature. pH. 

humidity, and other physical and chemical influences. 

Absorotion Efficiency. A measure of the ra.te at which an organism absorbs a substance 

across exchange boundaries (e.g., gastrointestinal tract). 

Absorbed Dose.2 The amount of a substance penetrating the exchange boundaries of an 

organism after contact. Absorbed dose is calculated from the intake and ·the absorption 

efficiency. 

Accumulation Rate (factor).3 The ratio of the concentration of a contaminant in an 

organism to the concentration in the ambient environment at steady state. 

Accuracv.~ The degree to which a measurement reflects the true value of a variable. 

Acute.5 Having a sudden onset. lasting a shon time. Of a stimulus, severe enough to 

mduce a response rapidly. Can be used to define either the exposure or the response to 

an exposure (effect). The duration of an acute aquatic toxicity test is generally 4 days or 

less- and monality is the response usually measured. 

Acute Response. The response (effect) of an organisms which has a rapid onset .. A 

rap1d onset response commonly measured is monality in toxicity tests. 

Acute Tests. A toxicity test of shan duration. typically 4 days or less, and usually of shon 

duration relative to the lifespan of the test organism. 

, 
Admm1stered Dose.- The mass of a substance given to an organism and in contact with 

an c:xchange boundary (i.e .. gastrointestinal tract) per unit body weight per unit time 

(e.g .. mg!kg-day) 

Adsorpuon. 14 The surface retention of solid. liquid. or gas molecules, atoms, or ions by a 

solid. or hquid. as opposed to absorption. the penetration of substances into the bulk of 

the solid or liquid. 
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Area Use Factor. The ratio of an organism's home range, breeding range, or feeding! 
foraging rage to the area of contamination or the site area under investigation. 

Assessment Endpoint. 6 An explicit expression of the environmental value that is to be 

protected. 

Benthic Community.7 The community of organisms dwelling at the bottom of a river. 

lake, or ocean. . 

Bioaccumulation. 5 General term descnoing a process by which chemicals are taken up 
by an organism either directly from exposur~ to a contaminated medium or by 

consumption of food containing the chemical 

Bioassav. 5 Test used to evaluate the relative potency of a chemical by comparing its 

effect on living organisms with the effect of a standard preparation on the same type of 

organism. Bioassay and toxicity tests are not the same - see toxicity test. 

Bioassessment. A general term referring to environmental evaluations involving living 
organisms. May include bioassays, community analyses, etc. 

Bioavailabilitv.4 The degree to which a material in environmental media is assimilable by 

an orgamsm. 

Bioconcentration.5 A process by which there is a net accumulation of a chemical directly 

from an c=xposure medium into an organism. 

Biodegrade. 15 Decompose into more elementary compounds by the action of 

microorganisms such as bacteria. 

Biomagnification.5 Result of the process of bioaccumulation by which tissue 

concentrauons of chemicals increa!e as the chemical passes up through two or more 

trophic levels. The term implies an efficient transfer of the chemical from food to 
consumer. 

Biomarker.~ Gc=neral molecular change that 1s taken as an indicator of pollution/stress. 
\1ay be= general or specific. 

Biomonitonn~.5 Use of living organisms as "sc::nsors" in environmental quality 
survc=illancc:: to detect changes in environmental conditions which may threaten the 
environment. 
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Bodv Burden. The concentration of a material which accumulates in the biological 

tissues of an exposed organism. 
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BreedinK Range. The area utilized by an organism during the reproductive phase of its 

life cycle and during the time that young are reared. 

Bulk Sediment.8 Field collected sediment!' used to conduct toxicity tests: may contain 

muluple contaminants and/or unknown concentrations of contaminants. 

Characterization of Ecological Effects.6 A portion of the analysis phase of ecological risk 

assessment that evaluates the ability of a sn:essor to cause adverse effects under a 

panicular set of circumstances. 

Characterization of Exposure.6 A ponion of the analysis phase of ecological risk 

assessment that evaluates the interaction of the stressor with one or more ecological 

components. Exposure can be expressed as co-occurrence, or contact depending on the 

stressor and ecological component involved. · 

Chemicals of Potential Concern.2 Chemicals that are potentially site-related and whose 

data are of sufficient quality for use in the qualitative risk assessment. 

Chrcmic.5 Involving a stimulus that is lingering or continues for a long time~ often 

stgniftc=s pc=nods from several weeks to years. depending on the reproductive life cycle of 

the spectes. Can be used to define either the exposure or the response to an exposure 

( dfect l. Chronic exposures typically induce a biological response of relatively slow 

progress and long durauon. 

Chrome Response. The response (effect) of an organism to a chemical which is not 

trnmedtately or dtrectly lethal to the organism. 

Chrome Tcsts.q A toxicity test used to study the effects of continuous, long-teml 

exposure of a chemical or other potentially toxic material on an organism. 

Common Laboratorv Contaminants . .: C~rtam organic chemicals (considered by EPA to 

he:: acetone. 2-butanone. methylene chlondc::. toluene. and phthalate esters) that are 

commonly used in the laboratory and thus m<..~y he introduced into a sample from 

laboratory cross-contammation. 

Cnmmumtv6 An assemblage of populations of different species within a specified 

locauon and ume. 
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Complexation. 14 Formation of a group of "'X< compounds in which a pan of the 

molecular bonding is of the coordinate type. 

Concentration.5 Quantifiable amount of a chemical in environmental media. 

Concentration Response Curve. 5 A curve describing the relationship between exposure 

concentration and percent of the test population responding. 

Conceptual Model. 6 Describes a series of working hypotheses of how the stressor might 

affect ecological components. Describes ecosystem potentially at risk. ant the 

relationships between measurement and ass~ment endpoints and exposure scenarios. 

Contaminant of (Ecological) Concern. A material detected at a hazardous waste site 

which has the potential to adversely affect ecological receptors due to its concentration. 

distribution. and/or mode of toxicity. · 

Control.5 A treatment in a toxicity test that duplicates all the conditions of the exposure 

treatments but contains no test material. The control is used to determine the absence 

of toxicity of basic test conditions (e.g. health of test organisms, quality of dilution water). 

Correlation. 10 An estimate of the degree to which two sets of variables vary 

simultaneously, with no distinction between dependent and independent variables. 

Critical Exposure Pathway. The exposure pathway which either maximizes the dose or is 

the pnmary pathway of exposure to an identified receptor of concern. 

Degradation. 14 Conversion of an organic compound to one containing a smaller number 

of carbon atoms. 

D~posmon. 14 The lying, placing. or throwing down of any material. 

" Depuratton.- A process that results in elimination of toxic material from an organism. 

Deruranon Rate. The rate at which a mat~nal is depurated from an organism. 

Dtetarv Accumulauon.9 The net accumulauon of a substance by an organism as a result 

ot mgestton m the d1et. 

Dtrect Effect {toxin ).6 An effect where the stressor itself acts directly on the ecological 

component ot mterest. not through other components of the ecosystem. 
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Dose.l1 A measure of integral exposure. Examples include (1) the amount of a 

chemical ingested, (2) the amount of a chemical taken up, (3) the product of ambient 

exposure concentration and the duration of exposure. 

Dose-Response Curve.5 Similar to concentration response curve except that the dose 

(i.e. the quantity) of the chemical administered to the organism is known. The curve is 

plotted as Dose versus Response. 

Duplicate.8 A ~mple taken from and representative of the same population as another 

sample. Both samples are carried through steps of sampling, storage, and analysis in an 

identical manner. 

Ecological Component.6 Any pan of an ecosystem, including individuals, populations. 

communities, and the ecosystem itself. 

Ecological Risk Assessment.6 The process that evaluates the likelihood that adverse 

ecological effects may occur or are occurring as a result of exposure to one or more 

stressors. 

Ecosvstem.6 The biotic community and abiotic environment within a specified location 

and time. 

Ecotoxicitv. 11 The study of toxic effects on nonhuman organisms, populations. or 

communmes. 

Estimated or Expected Environmental Concentration.5 The concentration of a material 

c=sumated as being likely to occur in environmental media to which organisms are 

exposed. 

Exposure.6 Co-occurrence of or contact between a stressor and an ecological 

component. The contact reaction berwec=n a chemical and a biological system, or 

orgamsm. 

., 
Exposure Assessment ... The detenninatton or c:stimation (qualitative or quantitative) of 

the magmtude, frequency, duration. and mute: ot exposure . 

., 
Exposure Pathwav.- The course a chemJcal 11r physical agent takes from a source to an 

exposed orgamsm. Each exposure pathway mcudc=s a source or release from a source. an 

exposure pomt. and an exposure route. It the: c:xposure point differs from the source, 

transpon1exposure media (i.e .. au. water) arc: also included. 
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Exposure Pathway Model. A model in which potential pathways of exposure are 

identified for the selected receptor species. 

DRAFT 

Exposure Point.2 A location of potential contact between an organism and a chemical or 

physical agent. 

~-osure Point Concentration. The concentration of a contaminant occurring at an 

exposure point .. 

Exposure Profile. 6 The product of characterization of exposure in the analysis phase of 

ecological risk assessment. The exposure p_!Otile summarizes the magnitude and spatial 

and temporal patterns of exposure for the scenarios descnbed in the conceptual model. 

Exposure Route.2 The way a chemical or physical agent comes in contact with an 

organism (i.e., by ingestion. inhalation, or dermal contact). 

Exposure Scenario. 6 A set of assumptions concerning how an exposure may take place. 

including assumptions about the exposure setting, stressor characteristics, and activities 

that may lead to exposure. 

False Negative. The conclusion that an event is false when in fact it is true. 

False Positive. The conclusion that an event is true when in fact it is false. 

Fate.5 Disposition of a material in various environmental compartments (e.g. soil or 

sedJment. water. air. biota) as a result of transpon, transformation. and degradation. 

Food Cham Transfer. A process by which materials accumulate in the tissues of .lower 

trophic level organisms and are passed on to higher trophic level organisms by dietary 

intake. 

Forage (feeding) Area. The area utilized by an organism for hunting or food gathering 

food. 

Hatmat. 1 Place where a plant or animal hv~s. often characterized by a dominant plant 

form or phys1cal characteristic. 

Hazard. Likelihood that a chemical will cause: an injury or adverse effect under specified 

condmons. 

GLOSSARY. Page 6 



September 26, 1994 DRAFT 

Hazard ldentification.2 The process of determining whether exposure to an agent can 
cause an increase in the incidence of a particular adverse effect, and whether an adverse 

effect is likely to occur. 

Hazard Quotient. 2 The ratio of a single substance exposure level to a toxicity value 
selected for the risk assessment (i.e .. LOAEL or NOAEL). 

Home Range. 12 . The area to which an animal confines its activities. 

Hydrophilic.12 A characteristic of charged molecules in which they tend to interact with 
water molecules. 

Hvdrophobic. 12 With regard to a molecule or side group, tending to dissolve readily in 
organic· solvents, but not in water, resisting wetting, not containing polar groups or sub

groups. 

Hypothesis. 12 A proposition set forth as an explanation for a specified phenomenon or 
group of phenomena. · 

Indirect Effect. 6 An effect where ·the stressor acts on supporting components of the 
ecosystem. which in turn have an effect on the ecological component of interest. 

Ingestion Rate. The rate at which an organism consumes food, water. or other materials 

(i.e .. soil. sediment). Ingestion rate is usually expressed in terms of unit of mass or 
volume per unit of time (i.e .. kg/day, Uday). 

Ionization. 14 The process by which a neutral atom loses or gains electrons. thereby 

acquiring a net change and becoming an ion. 

Lethal.5 Causing death by direct action. 

Lipid. 13 One of a variety of organic substances that are insoluble in polar solvents, such 

as water. but that dissolve readily in non-polar organic solvents. Includes fats, oils, waxes, 

steroids. phospholipids. and carotenes. 

Lowest Observable Adverse Effect Level.5 The lowest concentration of a material used 

in a toxicity test that has a statistically significant adverse effect on the exposed 
population of test organisms as compared with the controls. Same as LOEL (lowest 
observed effects level). 

Matrix. 1 ~ The analyte as considered in terms of its being an assembla_ge of constituents. 
each with its own propenies. 
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Measurement Endpoint.6 A measurable ecological clulracteristic that is related to the 

valued characteristic chosen as the assessment endpoint. Measurement endpoints are 

often expressed as the statistical or arithmetic summaries of the observations that make 

up the measurement. 

Media. 15 Specific environments - air, water, soil - which are the subject of regulatory 

concern and activities·. 

Median Effective Concentration CEC50l.5 The concentration of a material to which test 

organisms are exposed that is estimated to be effective in producing some sublethal 

response in 50 percent of the test population. The EC50 is usually expressed as a time 

dependent value (e.g., 24-hour EC50). The sublethal response elicited from the test 

organisms as a result of exposure_ must be clearly defined. · 

Median Lethal Concentration CLC50).5 A statistically or graphically estimated 

concentration that is expected to be lethal to 50 percent of a group of organisms under 

specified conditions. 

Metric. 16 A measurement of one of various components of community structure (e.g., 

species richness. % similarity). 

Mortalitv. Death 

No Observed Adverse Effect Level CNOAELl.5 The highest level of a stressor evaluated 

in a test that causes no statistically significant difference in effect as compared with the· 

controls. Same as NOEL (no observed effect level). 

Nonparametric. 17 Statistical methods which make no assumptions regarding the . 

dtstribuuon of the data. 

Parameter. 18 Constants applied to a model which are obtained by theoretical calculation 

or measurements taken at another time and/or place, and are assumed-to be appropriate 

for the place and time being studied. 

Parametnc. 1 ~ Statistical methods used wh~n the distribution of the·data is known. 

Population.6 An aggregate of individuals of a species within a specified location in space 

and ume. 

Power. 10 Sensitivity of a statistical test. 
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Precipitation. 14 The process of producing a separable solid phase within a liquid 

medium. 
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Precision. 19 A measure of closeness of agreement among individual measurements. 

Reference. 11 A relatively unpolluted site used for comparison to polluted sites in 
environmental monitorin2 studies. often incorrectlv referred To as a control. - . . 
Regression Anal~is. 10 Simultaneous analysis of two variables which are functionally 
related, with the X variable classified as the independent variable, and the Y variable 
classified as the dependent variable (i.e, the shange in y is dependent on the change in 
X). . 

Replicme. Duplicate analyses of an individual sample. Replicate analyses are used for 
quality control. 

Representative. 18 Analytical results which correspond with actual environmental quality 
or the condition experienced by the contaminant receptor. 

Risk. 5 The expected frequency or probability of undesirable effects resulting from 
exposure to known or expected stressors. 

Risk Characterization.6 A phase of ecological risk assessment that integrates the results 
of the exposure and ecological effects analyses to evaluate the likelihood of adverse 
ecological effects associated with exposure to the stressor. The ecological significance of 
the adverse effects is discussed. including consideration of the types and magnitudes of 
the effects. their spatial and temporal patterns. and the likelihood of recovery. 

Sample. 1 ~ Representative fraction of a material tested or analyzed; a selection or 
collection from a larger collection. 

Scientific.'Management Decision Point (SMDPl. A point during the risk assessment 
process when the risk assessor communicates results of the assessment at that staee to a ... 
manager. At this point the manager determines whether the information is suffiL.-Jent to 
arnve at a decision regarding management strategies and/or the need for additional 
information to characterize risk. 

Sedimem.20 Pamculate material lying helow water. 

Sensitive Life Stage. The life stage (i.e .. juvenile. adult, etc.) which exhibits the highest 
degree of sensitivity (i.e., effects are evident at a lower exposure conc~_ntration) to a 
contaminant in toxicity tests. 
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Species.13 A group of organisms that actually or potentially interbreed and arc 

reproductively isolated from all other such groups; a taxonomic grouping of 

morphologically similar individuals; the category below genus. 
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Statistic.10 A computed or estimated statistical quantity such as the mean, the standard 

deviation, or the correlation coefficient. 

Stressor.6 Any physical, chemical, or biological entity that can induce an adverse 

response. 

Sublethal.5 Below the concentration that ditcctly causes death. Exposure to sublethal 

concentrations of material may produce less obvious effects on behavior, biochemical 

and/or physiological functions, and histology of organisms. 

Threshold Concentration.5 A concentration above which some effect (or response) will 

be produced and below which it will not. 

Toxicity Assessment. Review of literature regarding the toxicity of any given material to 

an appropriate receptor. 

Toxicitv Curve.5 The curve obtained by plotting the median survival times of a 

populauon of test organisms against concentration on a logarithmic scale. 

T oxicitv Test. 5 The means by which the toxicity of a chemical or other test material is · 

deternnned. A toxicity test is used to measure the degree of response produced by 

exposure to a specific level of stimulus (or concentration of chemical) . 

., 
Toxicitv Value.- A numerical expression of a substance's dose-response relationship that 

1s used in risk assessments. 

T oxm. A poisonous substance. 

Trophic L~vel.6 A functional classification nf taxa within a community that is based on 

f~edmg relauonships (e.g .. aquatic and terr~strial plants make up the first trophic level. 

and herhtvores make up the second). 

Type I Error. 10 Rejection of a true null hypmh~sis. 

Typ~ II Error. 10 Acceptance of a false null hypoth~sis. 

Uptake.5 A process by which materials are transferred into or onto an organism. 
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Uncenainty.11 Imperfect knowledge concerning the present or future state of the system 

under consideration; a component of risk resulting from imperfect knowledge of the 

degree of hazard or of its spatial and temporal distribution. 

Volatilization. 14 The conversion of a chemical substance from a liquid or solid state to a 

gaseous vapor state. 

Xenobiotic. 6 A chemical or other stressor that docs not occur naturally in the 

environment. Xenobiotics occur as a result of anthropogenic activities such as the 

application of pesticides and the discharge of industrial chemicals to air, land, or water. 

Endnotes 

1 Krebs 1978, 2 U.S. EPA 1989, 3 Calow 1993, 4 Freedman 1989, 5 Rand and Petrocelli 

1985, 6 U.S. EPA 1992a, 7 Ricklefs 1990, 8 U.S. EPA 1992b, 9 ASTM 1993a, 10 Sakal 

and Rohlf 1981. 11 Suter 1993, 12 Wallace et al. 1981, 13 Curtis 1983, 14 Parker 1994, 15 

Sullivan 1993, 16 U.S. EPA 1990, 17 Zar 1984, 18 Keith 1988, 19 Gilben 1987, 20 ASTM 

1993b. 
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APPENDIX A 

ILLUSTRATION 1: COPPER SITE 

STEP 1: PRELIMINARY PROBLEM FORMULA nON AND ECOLOGICAL EFFECTS 

EVALUATION 

Site History. This is a former municipal landfill located in an upland area of the 

mid-Atlantic plain. Residential, commercial, and industrial refuse were disposed of at 

this site from 1961 to 1980. Large amounts of copper wire were also disposed of at this 

stte over several years. Currently, minimal cover has been placed over the fill and 

planted with grasses. Terrestrial ecosystems in the vicinity of the landfill include upland 

forest. successional fields, agricultural land, and residential and commercial areas. The 

surface of the landfill has deteriorated in several locations. Leachate seeps have been 

noted on the slope of the landfill, and several seeps discharge to a five-acre pond down

gradient of the site. 

Preliminary Site Visit. A preliminary site visit was conducted. and the ecological 

checklist completed for the site. The checklist indicated the following: the pond has an 

organic substrate. and emergent vegetation including cattail and Phragmites occurs along 

the shore near the leachate seeps; the pond reaches a depth of five feet toward the 

middle. Several species of sunfish, fathead minnows, and carp were observed in the 

pond. A diverse benthic macroinvenebrate community also has been noted in the pond. 

The pond appears to function as a valuable habitat for fish and other wildlife using this 

area. Preliminary sampling indicated elevated copper levels in the seep as well as 

elevated base cations, total organic carbon (TOC), and depressed pH levels (pH 5.7). 

Preliminary Problem Formulation. Copper is leaching from the landfill into the 

pond from a seep area. EPA's ambient water quality criteria document for copper (U.S. 

EPA, 1984) indicates that it can cause toxic effects in both aquatic plants and aquatic 

invertebrates at relatively low water concentrations. Thus, the ability of the pond to 

support macroinvertebrate and fish communities and the wildlife that feed on them may 

be threatened. Terrestrial ecosystems do not need to be evaluated because the overland 

flow of the seeps is limited to short gullies, a few inches wide. Thus, the area of concern 

has been identified as the five-acre pond and the associated leachate seeps. Copper in 

surface water and sediments of the pond may be of ecological concern. 

Preliminary Ecological Effects Evaluation. Copper, the site contaminant of 

ecological concern. is toxic to both aquatic p!ants and animals. Therefore, aquatic 

toxicity-based data will be used to screen for ecological risk in the preliminary risk 

calculauon. The screening toxicity value selc::cted for water-column exposure is the EPA 

chrome ambient water quality criterion (12 "'gil). The toxicity screening va"lue for copper 

in sediments was identified as [value to be determined.] mg!kg. 
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STEP 2: PRELIMINARY EXPOSURE ESTIMATE AND RISK CALCULATION 

Preliminary Exposure Estimate. Preliminary sampling data indicate that the 

leachate contains 53 p.g/1 copper as well as elevated base cations, TOC, and depressed 

pH (pH 5. 7). Sediment concentrations range from 300 mglkg to below detection (2 

mg!kg), decreasing with distance from the leachate seeps. 

Preliminary Risk Calculation. The copper concentration in tbe seep water (53 

p.g/1) substantially exceeds the chronic water quality criterion for copper (U l'g/1). The 

maximum sediment copper concentration of 300 mg/kg exceeds tbe toxicity screening 

value for copper "in sediments ([~~::;:tO;,tJt?_:~~ mglkg). Therefore, the 

screening-level hazard quotients for both sediment and water exceed 1. The decision at 

the SMDP is to continue the ecological risk assessment. 

Similar screening for the levels of base cations generated hazard quotients below 1 

in the seep water; TOC and pH are not regulated under CERClA. Sediment 

concentrations of chemicals other than copper generated hazard quotients of less than 1 

at the maximum concentration found. 

STEP 3: PROBLEM FORMULATION: Assessment Endpoints and Testable 

Hypotheses 

Based on tbe preliminary problem fonnulation, copper is known to be of 

ecological concern at tbe site. 

Ecotoxicity Uterature Review. A review of the literature on the ecotoxicity of 

copper to aquatic biota was conducted and revealed the following information: Young 

aquatic organisms are more sensitive to copper thari adults (Demayo et al., 1982: Kaplan 

and Yoh. 1961; Hubschman, 1965). Fish are less sensitive to copper as body weight 

increases (Demayo el aL, 1982). Although the exact mechanism of toxicity to fish is 

unknown. a loss of osmotic control has been noted in several studies (Demayo et- aL 

1982; Cheng and Sullivan, 1977). Several studies using fathead minnowS determined an 

LC50 of 460 J.Lg/1 to 6-month-old juveniles, and an LC50 of 490 p.g/1 to 6-week-old fry. A 

copper concentration in water of 37 J.Lg/1 has been shown to cause a significant reduction 

in fisb egg production (Pickering ec al., 1977). Studies have also been conducted with 

adult Hyalelltl azceca, (an ampbipod) exposed to copper in sediments. One of these 

stud1es indicated an LC50 of 1,078 mg!kg in the sediment (Cairns et al., 1984), however a 

no-observed-adverse-efT~ level (NOAEL) fur copper in sediments was not identified for 

an early life stage of a benthic invertebrate. 

A literature review of the ecotoxicity of copper to aquatic plants, both algae and 

vascular plants, also was conducted. Although the toxic mechanism of copper to plants is 

not known, toxic effects of exposure to high copper levels include inhibition of 

photosynthesis and growth (U.S. EPA, 1984}. inhibition of cell separation after cell 

division (Hatch. 1978), and inhibition of iron uptake. Several studies conducted using 
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Selenastrum capricomurum indicated that 300 J.Lg/1 kill algae after 7 days. and a value of 

90 J.Lgfl causes complete growth inhibition after 7 days (Bartlett et al .. 1974 ). 

The literature indicates that copper does not biomagnify in food chains and does 

not bioaccumulate in animals because it is a biologically regulated essential element. 

The toxicity of copper in water is influenced by water hardness, alkalinity, and pH. 

Assessment Endpoints and Testable Hypotheses. The refined assessment 

endpoint is maintenance of the pond ecosystem, with no loss of species or community 

alteration due to copper toxicity. The testable hypothesis is that the maximum 

concentrations of copper present in the sediments and water are toxic to aquatic plants 

or animals. A further question is at what copper concentration in sediments do 

detectable adverse effects occur? 

"' 
STEP 4: PROBLEM FORMULATION: Conceptual Model, Measurement 

Endpoints, and Study Design 

Conceptual Model and Exposure Pathways. A conceptual model was 

prepared to determine the environmental pathways that could result in impacts of 

copper to indigenous biota (see Figure A-1). Direct exposure to copper in the pond 

water and sediments could cause acute or chronic toxicity in early life stages of fish 

and/or benthic invertebrates, and in aquatic plants. The exposure pathways that will be 

evaluated will be direct contact with contaminated sediments and water. 

Measurement Endpoints. Since the identified assessment endpoint is 

community health, the possibility of directly measuring the condition of the pond 

communities was evaluated. Consultation with experts on benthic macroinvertebrates 

suggested that standard measures of the pond benthic invertebrate community would 

likely be an insensitive measure of existing effects, as well as being labor intensive. 

Measuring the fish community also would be unsuitable, due to the limited size of the 

pond and low diversity of fish species anticipated. Since copper does not bioaccumulate 

or biomagnify in aquatic systems, direct toxicity testing was selected as an appropriate 

measurement endpoint. Because early life stages are the most sensitive to the toxic 

effects of copper, chronic toxicir:y would be measured on early life stages. Toxicity was 

defined as a statistically significant decrease in survival or juvenile growth rates in a 

population exposed to water or sediments as compared with a population exposed to 

water or sediments from the reference sites. 

One toxicity test selected was a 10-Liay (i.e., chronic) solid-phase sediment toxicity 

test using an earl~ life stage of Hyalelfa a::teut (an amphipod). The measurement 

endpoints for tbe test are mortality rates and growth rates (measured as length and 

weight increases). Two water-column toxicity tests were selected: a 7-day test using the 

alga Selenasrrum capricomurum (growth test) and a 7-day larval fish test using Pimephales 

promelas (mortality and growth endpoints). The H. azteca and P. pr9melas toxicity tests 

will be used to determine the effects of copper em early life stages of invertebrates and 
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fish in sediment and the water column, respectively. The test on S. caprU.omutum will be 

used to determine the phytotoxicity of copper in the water column. 

Study Design. To answer the questions stated in the problem formulation step, 

the water column tests will be run on 100% seep water, 100% pond water near the seep. 

and 100% reference site water as well as the laboratory control. EPA test protocols will 

be followed. Five sediment samples will be collected from the pond bottom at intervals 

along the observed concentration gradient, starting at a copper concentration of 300 

mg/kg at the leachate seeps down to approximately 5 mglkg near the other end of the 

pond. All sediment samples will be split so that copper concentrations can be measured 

in sediments from each sampling location. A reference sediment will be collected and a 

laboratory control will be run. Test organisms will not be fed during the test; sediments 

will be sieved to remove native organisms and debris. Laboratory procedures will follow 

established protocols and will be documented and reviewed prior to initiation of the test. 

For the water-column test, statistical comparisons will be made between responses to 

each of the two pond samples and the reference site, as weD as the laboratory control. 

Statistical comparisons also will be made of responses to sediments taken from each 

sampling location and responses to tbe reference sediment sample. 

The study design specified that sediment for the toxicity tests would be collected 

from leachate seeps known to be at the pond edge and four additional locations · 

transecting the pond at equidistant locations, but including the point of maximum pond 

depth. 

Because leachate seeps can be intermittent (depending on rainfall), the study 

design specified that a pre-sampling visit would be required to confinn that the seep was 

flowing and could be sampled. The sampling and analysis plan specified the collection 

of co-located sediment and water samples from the seep and the pond. 

At the work plan and SAP finalization stage, the SMDPs were agreed upon for 

the site conceptual model and the study design. 

STEP 5: SITE ASSESSMENT FOR SAMPLING FEASIBIUTY 

A site assessment was conducted two days prior to the scheduled initiation of the 

site investigation to confirm that the seep was active. It was determined that the seep 

was acuve and that the site investigauon could he initiated. 
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APPENDIX A 

ILLUSTRATION 2: STREAM DDT SITE 

STEP 1: PRELIMINARY PR.OBLEM FORMULATION AND ECOLOGICAL EFFECTS 

EVALUATION 

Site History. This is the site of a former chemical production facility located 

adjacent to a stream. The facility manufactured and packaged 

dichlorodiphenyltrichloroethane (DDT). Due to poor storage practices, several DDT 

spills have occurred. 

Preliminary Site Visit. As part of the preliminary site characterization, a 

preliminary site visit was conducted and the ecological checklist was completed. 

Information gathered indicates that surface water drainage from the site flows through 

several drainage swales toward a small unnamed creek. This creek is a second order 

stream containing riffle-run areas and small pools. The stream substrate is composed of 

sand and gravel in the pools with some small depositional areas in backwater areas, and 

primarily cobble in the riffles. 

Preliminary Problem Formulation. Previous sampling effons have indicated the 

presence of DDT and its metabolites in stream sediments at a concentration of 230 

mg!kg. A variety of wildlife, especially piscivorous birds, utilize this area for feeding. 

Many species of minnow have been noted in this stream. DDT is well known for its 

tendency to bioaccumulate and biomagnify in food chains, and available evidence 

indicates that it can cause reproductive failure in birds due to eggshell thinning. 

The area of concern has been identified as a several-mile length of the stream 

with DDT contaminated sediments. The assessment endpoint is adverse effects on 

reproduction of high trophic level wildlife, particularly piscivorous birds. 

Preliminary Ecological Effects Evaluation. Because DDT is well studied, a 

dietary concentration above which eggshell thinning might occur was identified in 

existing EPA documents on the ecotoxicity of DDT. Moreover, a no-observed-adverse

effect-level (NOAEL) for the ingestion route for birds also was identified. 
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STEP 2: PRELIMINARY EXPOSURE ESTIMATE AND RISK CALCULATION 

Preliminary Exposure Estimate. For the preliminary exposure estimate, 

maximum concentrations of DDT identified in the sediments were used. To estimate the 

concentration of DDT in forage fish, the maximum concentration in sediments was 

multiplied by the highest DDT bioaccumulation factor relating forage fish tissue 

concentrations to sediment concentrations reported in the literature. Moreover, it was 

assumed that the birds obtain 100 percent of their diet from the contaminated area. 

Preliminary Risk Calculation. The predicted concentrations of DDT in forage 

fish were compared with the dietary NOAEL for DDT in birds. This risk screen 

indicated that DDT concentrations measured at this site might be high enough to cause 

adverse reproductive effects in birds. Thus, transfer of DDT from the sediments to the 

stream and biota are of concern at this site. 

STEP 3: PROBLEM FORMULATION: Assessment Endpoints and Testable 

Hypotheses 

Based on the preliminary problem formulation, potential bioaccumulation of 

DDT in aquatic food chains and effects of DDT on reproduction in piscivorous birds is 

one known concern. During refmement of the problem, the potential for additional 

ecological effects of DDT was examined. 

Ecotoxicity Literature Review. In freshwater systems, DDT can have direct 

effects on animals, panicularly insects. A literature review of the aquatic toxicity of DDT 

was conducted, and a NOAEL identified for aquatic insects. Aquatic plants are not 

affected by DDT. Additional quantitative information on effects of DDT on birds was 

reviewed, particularly to identify that level of eggshell thinning likely to reduce 

reproductive success. A number of studies have correlated measured DDT residues in 

eggs of birds to increased eggshell thinning and egg loss due to breakage. Eggshell 

thinning of more than 20 percent appears to result in de.creased nesting success.due to 

eggshell breakage (Anderson and Hickey. 1972: Dilworth et al., 1972). Information was 

not available for any piscivorous species of bird. Lincer (1975) conducted a laboratory 

feeding study using American kestrel. Females fed a diet of 6 mg./kg DDE1 (1.1 mg!kg

day) produced eggs with shells which were 25.5 percent thinner than archived eggshells 

collected prior to widespread use of DDT. Based on this information, a LOAEL of 1.1 

mg!kgBW-day was selected to evaluate the effects of DDT on piscivorous birds. 

Assessment Endpoints and Testable Hypotheses. Based on knowledge of 

the fate and transport of DDT in aquatic s~·stems, as well as the ecotoxicity of DDT to 

aquatic organisms and birds, two assessment endpoints were identified: (1) maintenance 

of a stream community not affected by the cnntaminant, and (2) protection of piscivorous 

birds from eggshell thinning that would resul~ in reduced reproductive success. The 

1DDE is a degradation product of DDT; typically. ltdd measures of DDT are reponed as the sum of the 

concentrations of DDT, DOE. and ODD (another dc_!!radation product). 
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testable hypotheses identified were: ( 1) has the stream community been affected by the 

DDT, and (2) does food chain accumulation and transfer of DDT take place so that 

eggshell thinning to a degree of 20 percent or more c~uld occur in piscivorous birds 

utilizing the area? 

STEP 4: PROBLEM FORMULATION: Conceptual Model, Measurement 

Endpoints, and Study Design 

Conceptual Model and Exposure Pathways. A conceptual model evaluated 

the environmental pathways for DDT that could result in ecological impacts. DDT 

buried in the sediments can be released to the water column during resuspension and 

redistribution of the sediments. Some diffusion of DDT to the water column from the 

sediment surface also will occur. The benthic community would be an initial receptor 

for the DDT in sediments. Fish that feed on benthic organisms could be exposed to 

DDT both in the water column and in their food. Piscivorous birds would be exposed to 

the DDT that bas accumulated in the fish. 

Measurement Endpoints. For the assessment endpoint of protecting piscivorous 

birds from eggshell thinning (see Step 3), the conceptual model indicated that DDT in 

sediments could reach piscivorous birds through forage fish (Figure A-2). Belted 

kingfishers are kDown to feed in the stream. They also have the smallest home range of 

the piscivorous birds in the area, which means that more kingfishers can forage entirely 

from the contaminated stream area than can other species of pisclvorous birds. 

Eggshell thinning in the belted kingfisher therefore was selected as the measurement 

endpoint. 

Existing infonnation on the distribution of DDT in the stream indicates that a 

general gradient of DDT concentrations exists in the sediments, and five locations could 

be identified that corresponded to a range of DDT concentrations in sediments. Based 

on mforrnation available on fish communities in streams similar to the one in the site 

area. creek chub (Semon·lus arromaculatus) were selected to measure exposure levels for 

kingfishers. Creek chub feed on benthic invertebrates, which are in direct contact with 

the contaminated sediments. Creek chub also can reach a size of 10 inches, allowing for 

analysis of individual fish, and they have limited within-season movement. 

The conceptual model also specified that the Hazard Quotient (HQ) method 

would be used to evaluate the effects of DDT on the kingfisher in the risk calculation 

phase (Step 7). To determine the HQ. a calculated dose is divided by a LOAEL or 

NOAEL. To estimate the DDT dose to the kingfisher, the DDT concentrations in the 

chub will be multiplied by the fish ingestion rate for kingfishers and divided by the body 

weight of kingfishers. This dose will be adjusted. by the "area use factor." The area use 

factor corresponds to what proportion of the diet of a kingfisher would consist of fish 

from the contaminated area, and it is a function of the home range size of kingfishers 

relative to the area of contamination. The adjusted dose will be compared to the 

LOAEL found in the literature (i.e., 1.1 mg!kgBW-day identified above). A HQ of 

greater than 1 implies that there may be impacts due to site contamination, and an HO • 
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of less than 1 implies no impacts due to site contaminants (see text for a description of 

the limitations of hazard quotients). 

For the assessment endpoint of stream community health, the selected 

measurement endpoints were several metrics describing the abundance and trophic 

structure of the stream benthic macroinvertebrate community. 

Study Design. The study design for measuring DDT residue levels in creek chub 

specifies that 10 creek chub of the same size and sex will be collected at each location. 

Each creek chub should be approximately 20 grams, so that individuals can be analyzed. 

In addition, at one location, OA/QC requirements dictate that an additional 10 flsh are 

collected. In this example, a site assessment is necessary to verify that sufficient numbers 

of creek chub of the specified size are present to meet the tissue sampling requirements. 

In addition, stream conditions must be evaluated to determine what fish sampling 

techniques will work at the targeted locations. 

The study design and methods for benthic macroinvertebrate collection followed 

the Rapid Bioassessment Protocol (RBP) manual for level three evaluation (U.S. EPA, 

1989). Benthic macroinvertebrate samples were co-located with sampling for fish tissue 

residue levels so that one set of co-located water and sediment samples for analytic 

chemistry could serve for comparison with both tissue analyses. 

STEP 5: SITE ASSESSMENT FOR SAMPUNG FEASIBIUTY 

A field assessment was conducted and several minnow collection techniques were 

used to determine which technique was the most effective for the site. Collected 

minnows were examined to determine the size range available and to determine if 

individuals could be sexed. 

The site assessment included a seine netting of the areas targeted for fish 

collection. The results of this sampling indicated that the creek chub may not be present 

in sufficient numbers to provide the necessary biomass for chemical analyses. Based on 

these findings. a contingency plan was agreed to; this stated that both the creek chub and 

the longnosed dace (Rhinichthys cararactae) would be collected. If the creek chub were 

collected at all locations in sufficient numbers. then these samples would be analyzed and 

the dace would be released. If sufficient creek chub could not be collected but sufficient 

longnosed dace could. the longnosed dace would be analyzed and the creek chub 

released. If neither species could be collected at all locations in sufficient numbers, then 

. a mix of the two species would be used: however, for any given site only one species 

would he used to make the sample. In addttion. at one location, preferably one with high· 

DDTr levels m the sediment. sufficient numhers (20 grams) of both species would be 

collected to allow comparison (and calibration) of the accumulation between the two 

species. If necessary to meet the study needs. mixed sexes would be used and pooling of 

similarly sized individuals would be done for the creek chub. Pooli!t_g is necessary for the 

dace. Samples would be collected by electro-shocking. Field notes would be taken for 
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all samples (including number of fish per sample pool, sex, weight, length, presence of 

parasites or deformities, etc.). 
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ILLUSTRATION 3: TERRESTRIAL PCB SITE 

STEP 1: PREUMINARY PROBLEM FORMULATION AND ECOLOGICAL EFFECTS 

ANALYSIS 

Site History. This is a former waste oil recycling facility located in a remote area. 

Oils contaminated with polychlorinated biphenyl compounds (PCBs) were disposed of in 

a lagoon. The lagoon was not lined, and the soil was composed mostly of sand. Oils 

contaminated with PCBs migrated through the soil and contaminated a wide area 

adjacent to the site. 

Preliminary Site Visit. A preliminary site visit was conducted and the ecological 

checklist completed. Most of the habitat is upland forest, old field, and successional 

terrestrial areas. Biological surveys at this site have noted a variety of small mammal 

stgns. In addition, red-tailed hawks were observed. 

Preliminary Problem Formulation. The area of concern has been identified as 

the 10-acre area surrounding the site. Some PCBs are reproductive toxins in mammals 

that, when ingested, induce (i.e., increase concentrations and activity of) enzyme systems 

in the liver. The enzymes are not specific for PCBs and will also enhance the 

degradation of steroid hormones. The reduction in circulating steroid hormones impairs 

the ability of vertebrates to reproduce. Other effects, such as liver pathology, are also 

evident at high exposures. PCBs are not highly volatile, so inhalation of PCBs by 

animals would not be an important exposure pathway. PCBs ill soils generally are not 

taken up by most plants, but are accumulated by soil macroinvertebrates. Thus, 

herbivores, such as voles and rabbits, would not be exposed to PCBs in most of their 

diets; whereas insectivores, such as shrews, or omnivores, such as deer mice, could be 

exposed to accumulated PCBs in their diets. PCBs also are known to biomagnify in 

terrestrial food chains. Thus, this evaluation indicates that the ingestion exposure route 

needs evaluation and that shrews and/or voles would be appropriate mammalian 

receptors to evaluate for this route. Potential reproductive effects on predators that feed 

on shrews or voles also would be important to evaluate. The literature indicated that 

exposure to PCBs through the food chain could cause chronic toxicity to predatory birds. 

Preliminary Ecological Effects Evaluation. No-observed-adverse-effect levels 

(NOAELs) for the effects of PCBs and other contaminants at the site on mammals and 

other biota were 'identified in the literature. 

STEP 2: PRELIMINARY EXPOSURE ESTIMATE AND RISK CALCULATION 

Preliminary Exposure Estimate. Fur the preliminary risk -calculation, the 

highest PCB and other contaminant levels measured onsite were used to estimate 

exposures. 
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Preliminary Risk Calculation. The potential contaminants of concern were 

screened based on NOAELs for exposure routes appropriate to each contaminant. 

Based on this preliminary screening, PCBs were confirmed to be the contaminants of 

concern to smaU mammals based on the levels measured at this site. 

STEP 3: PROBLEM FORMULATION: Assessment Endpoints and Testable 

Hypotheses 

Refining tbe problem formulation includes further evaluation of contaminant fate 

and transport, ecotoxicity of contaminants of concern (i.e., acute, chronic, or food chain 

transferable), important exposure pathways, effects to sensitive life stages, identification 

of lowest-observed-adverse-effect levels (LOAELs ), and development of testable 

hypotheses. 

Ecotoxiclty Uterature Review. A literature review revealed the following 

information: Limited information was available on the effects of PCBs to red-tailed 

hawks. A study on American kestrel indicated that consumption of 33 mglkg-day PCBs 

resulted in a significant decrease in sperm concentration in male kestrels (Bird et al.. 

1983 ). Implications of this decrease on reproductive success iD kestrels was not 

evaluated in this study, but studies on other bird species iDdicate that it could iDcrease 

the incidence of infertile eggs and therefore reduce tbe number of young Oedglings per 

pair. The Great Lakes International Joint Commission recommends 0.1 mglkg total 

PCBs as a prey tissue level that will protect predatory birds and mammals (International 

Joint Commission 1988). {This number is used as an illustration and not to suggest that 

this panicular level is appropriate.) 

Assessment Endpoint and Testable Hypotheses. The assessment endpoint 

selected was the protectlon of predatory birds from reproductive impairment caused by 

PCBs. The testable hypothesis is that concentrations of PCBs in the prey exceed levels 

known to impair reproduction in predatory birds. 

STEP 4: PROBLEM FORMULATION: Conceptual Model, Measurement 

Endpoints, and Study Design 

Conceptual Model and Exposure Pathways. As determined in Step 3, the 

assessment endpoint was the protection of predatory birds from adverse reproductive 

effects from PCBs that bad accumulated in their prey. A conceptual model was 

prepared to determine the exposure pathways by which predatory birds could be exposed 

to PCBs originating iD the soil at the site (see Figure A-3). Red-tailed hawks were 

observed at the site. The prey of red-tails include voles, deer mice, and various insects. 

While voles may be prevalent at the site, they are not part of tb~ exposure pathway for 

predators because they are herbivorous and PCBs do not accumulate in plants (see Step 

1). Deer mice (Peromyscus numiculmus), on the other band, also are abundant at the site 

and, being omnivorous, are likely to be exposed to PCBs that have accumulated in the 

insect component of their dieL 
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Measurement Endpoints. Given the assessment endpoint and exposure 

pathways established in the conceptual model, impainnent of reproduction in the red

tailed hawk was selected as the measurement endpoint. To test the hypothesis that PCB 

levels in prey of the red-tailed hawk exceed levels thai might impair their reproduction, 

PCB levels wiU be measured in deer mice taken from the site (deer mice are assumed to 

accumulate the highest levels of PCBs of any of the red-tailed hawk's prey). 

The conceptual model specifies that the Hazard Quotient (HQ) method will be 

used to evaluate the effects of PCBs on the red-tailed hawk in the risk calculation phase 

(Step 7). To determine the HQ, a calculated dose is divided by a LOAEL or NOAEL. 

To estimate the dose to the red-tailed hawk, the PCB concentrations in deer mice will be 

multiplied by the quantity of deer mice that could be ingested by a red-tailed hawk each 

day and divided by the body weight of the hawk. This dose will be adjusted by a factor 

that corresponds to the proportion of the «Jiet of a red-talled hawk that would come from 

the contaminated area. This "area use factor" is a function of the home range size of the 

hawks relative to the area of contamination. The dose will be compared to the LOAEL 

found in the literature (in this case, the 33 mg!kg-day as stated above). A HQ of greater 

than 1 implies that there may be impacts due to site contamination, and an HQ of less 

than 1 implies no impacts due to site contaminants. 

Study Design. The available measures of PCB concentrations in soil at the site 

indicated a gradient of decreasing PCB concentration with increasing distance from the 

unlined lagoon. Three locations along this gradient were selected to measure PCB 

concentrations in prey. The study design specifies that eight deer mice of the same size 

and sex will be collected at each location. Each mouse should be approximately 20 

grams so that contaminant levels can be measured in individual mice. With eight 

measures from individual mice, it is possible to estimate a mean contaminant 

concentration in deer mice and an upper confidence limit of the mean for the location. 

In addition. QAJQC requirements dictate that an additional eight deer mice should be 

collected at one location. In this example, a site assessment was necessary in order to 

verify that sufficient numbers of deer mice of the specified size are present to meet the 

sampling requirements. In addition, habitat conditions must be evaluated to determine 

what trapping techniques will work at the targeted locations. 

STEP 5: SITE ASSESSMENT FOR SAMPLING DESIGN 

A field assessment using several trapping techniques was conducted to determine 

(1) which technique was most effective for capturing deer mice at the site and (2) if the 

technique would yield sufficient numbers of mice over 20 grams to meet the specified 

sampling design. On the evening of the first day of the sampling feasibility assessment, 

two survey lines of 10 live traps were set for deer mice in typical old field habitat in the 

area believed to contain the desired concentration gradient for the study design. At the 

beginning of the second day, the traps were retrieved. Two deer mice over 20 grams 

were captured in each of the survey lines. These results indicate tfiat collection of deer 
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mice with this number and spacing of live traps should be adequate to meet study 

objectives. 
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SUPPLEMENTAL GUIDANCE ON LITERATURE SEARCH 

A literature search is conducted to obtain information on contaminants of concern. 

their potential ecological effects, and species of concern. A literature search may he 

conducted to determine which chemicals are selected as contaminants of concern. This 

appendix is separated into 2 sections; Section I describes the information necessary for the 

literature review ponion of an ecological risk assessment. Subtopics include exposure profile 

requirements, bioavailability or bioconcentration factors for various compounds, life history 

information for the species of concern or the surrogate species. and an ecological effects 

profile. 

Section D lists techniques and resources useful for conducting a focused literature 

search. Subtopics include a discussion on the selection of key words on which to base a 

search, and the various databases and scientific abstracts available. Examples of literature 

reviews, journal articles. and government documents are provided as additional sources of 

peninent information. Threatened and endangered species are discussed separately due to 

the unique literature bases and information sources available for these species. 

Prior to conducting a literature search. it is important to determine specific 

information necessary to the risk assessment. The questions raised in Section I of this 

chapter must be thoroughly reviewed, the information necessary to complete the assessment 

must be determined, and the purpose of the assessment must be clearly defined. Once these 

questions are addressed, the actual literature search may begin. This will assist in focusing 

the search to reduce the amount of time necessary to conduct the search. 

SECTION I 

Specific Information 

It is imponant to decide the information necessary for the risk assessm~nt. For 

example, if the purpose of the assessment is to determine the effects of soil lead 

concentrations on terrestrial venebrates. then literature information on the effects of 

dissolved lead to fish may not be appropriate. In addition, the type of contaminant, the 

chemical form and the species of concern can often focus the literature search. For . 

example, the toxicity of organometallic compounds is quite different from the comparable 

inorganic form. Different isomers of organic compounds may also have different 

tmacologJcal effects. 

Studies wh~ch repon toxic levels shoulJ he= reviewed critically to ensure that the study 

was scientifically sound. For example, such itc=ms as field exposure routes, endpoints and 

the use of accepted scientific techniques should he determined. The exposure route used 

in the study should also be comparable to the= route in the risk assessment. Data obtained 

in studies where exposure is by injection or gavage are not comparable to dietary exposure 

studies. Therefore, an uncenainty factor may he incorporated intcrthe risk design, or the 
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study should be eliminated from further review based on an incompatibility with the risk 

assessment. Data from long-term exposure studies are preferable to data from single 

exposure toxicity studies. 

To use some data reported in the literature, conversions may be necessary to allow 

data to be used for species different than those tested. Many doses from laboratory studies 

are reported in terms of mg contaminant/kg diet. This dose should be convened to mg 

contaminant/kg bodyweight/day, so that dose is not under- or overestimated when it is 

applied to a different species. Average ingestion rate and bodyweight for a species are often 

reponed in the study, or should be obtained from other literature sources to make this 

conversion (mglkg diet X ingestion rate (kg/day) X 1/bodyweight (kg)). 

Exposure Profile 

Once contaminants of concern are selected, a general overview of chemical properties 

is needed. The environmental fate of contaminants will influence potential routes of 

exposure of biota. Many chemicals undergo degradation (e.g., hydrolysis, photolysis, 

microbial) after release into the environment. Degradation can affect toxicity, persistence, 

and fate and transport of compounds. 

Development of an exposure profile requires information regarding ·inherent 

propenies of chemicals which may affect fate and transport or bioavailability. Contaminants 

of concern should be selected based on the contani.inant levels present on-site, media where 

the contaminants are located, and the potential for adverse ecological effects associated with 

a panicular contaminant. 

Bioavallabllity 

Factors which influence bioavailability should be determined, as they will affect 

exposure of biota. Some factors which affect bioavailability of contaminants from soil and 

sediment include: organic maner, pH, and grain size. The aerobic state of the sediments 

is imponant because this may affect the chemical form of the contaminants. These physical 

propenies of the media determine the chemical form of the contaminant and may result in 

a chemical form which is more or less toxic than the original chemical. Contaminants may 

be adsorbed to organic maner which will also affect the availability of the contaminant to 

biota. 

Environmental factors which influence the bioavailability of a chemical from water 

to biota should also be determined, if appropriate. Such factors as pH, hardness, or aerobic 

state will determine both the chemical form and the uptake of contaminants by biota. Othc:r 

environmental factors may influence physiological process. For example, as ambient 

temperatures rise, metabolism increases and the rate of uptake increases. 
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H the literature search reveals information on the bioavailability of a chemical, then 

the appropriate bioaccumulationlbioconcentration factors for the contaminants of concern 

should be determined. H not readily available in the literature, these values may be 

calculated based on studies where media information and body burden are provided: 

Caution must be used in these calculations to determine the accuracy of these calculations. 

Whether a contaminant bioaccumulates, or is associated with acute or chronic toxicity 

will influence the selection of assessment methods. Therefore, some information on the 

activity of the chemicals is necessary in the literature review. 

Ufe History 
·.::-

Because it is impossible to model an entire ecosystem, the selection of the species of 

concern and the modeled species is a detailed process. This process is more fully described 

in Section XX. To determine which species to test, or which species are of concern, the 

habitat present on-site should be evaluated to determine the potential species which will 

utilize the site. Once the species of concern are selected, life history information for these 

species should be collected. Activities or feeding habits of a species may increase or 

decrease potential exposure to a contaminant (e.g. grooming activities of small mari:unals, 

egestion of bone and hide by owls). Other imponant parameters to incorporate into the risk 

assessment are ingestion rates, composition of the diet, average bodyweight, home range 

size, and seasonal activities such as migration. 

Ecological Effects Profile 

Once contaminants of concern are selected, a general overview of toxicity and toxic 

mechanisms are needed. Again, much of this information will be based on the information 

and decisions made during problem formulation. 

The distinction between the species of concern and the surrogate species must he 

decided. For this review, the species of concern is the actual site animal that may be at risk 

due to life history activities on the site. The surrogate species is the animal used to evdluatc 

risk. These species may or may not be the same. If the species are different, they should 

be biologically similar. within the constraints of the study and the amount of information 

available. 

Toxicity information must be obtained for incorporation into the risk assessment. For 

each exposure route, levels shown to be toxic to receptor species should be located. A low 

observed adverse effect level (LOAEL) for receptor species should be obtained. 

Unfonunately, LOAELs are not available for wildlife species and a variety of chemicals. If 

used with caution. toxicity data from a closely related species can be used to estimate a 
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LOAEL for a receptor species. Sometimes the only toxicity data available is an LDso value. 

A commonly used conversion factor is a factor of 10 to convert an LDso to an LOAEL 

SECTION II 

Uterature Review 

Section U descnbes information resources that may be examined for information 

necessary in the ecological risk assessment. A logical and focused literature search will 

reduce the time spent searching for pertinent information. 

The first step in a literature search is to develop a list of key words. Specific 

examples are provided on the selection of key words. The n~ step is to review databases, 

either on-line or CD-ROM based information systems. These systems may be searched 

based on a number of parameters. 

Abstracts which contain up-to-date listings of current, published information and are 

useful information sources. Most abstracts are indexed by author or subject. Several 

literature reviews are available which list toxicological or life bisuuy information.. Toxicity 

information may be located in the literature cited section of previously published documents. 

Often, the same type of information as found in the pubHsbed article may be found. 

The original article in which the data is cited must be obtained before the data is 

cited in a risk assessment. Once the original article is received, it must be critically 

reviewed to determine if the information is useful for the risk assessment. 

Moore ( 1980) provides further insights on conducting a literature search. Such topics 

as techniques to limit a search, selection of key words and the location of dissertations are 

discussed. This information is specifically related to wildlife information and is useful in aU 

aspects of an ecological risk assessment. 

Key words 

As descnbed in Section I, it is useful to prepare a list of specific information 

necessary for use in a risk assessment. Once this list is developed, a series of key words may 

be developed. 

Card catalogs, abstracts and other reference materials are often indexed on key· 

words. Therefore, key words used to locate information need to be very specific. The words 

used may be the contaminant of concern, the biological species of concern, specific toxicity 

information, or other associated words. In addition, related subjects may be used as key 

words. However, it may be necessary to exclude peripheral aspects.. of the subject in order 
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to narrow the search. For example, if the literature is the effects of lead on moles, then 

both lead and moles may be used as key words. If information is required on a specific 

animal, key words may be the scientific name (i.e. class or genus) or an accepted common 

name. The determination of the function of the data will assist with the determination of 

the key words on which to search. 

If someone else will conduct a literature search, it is imponant that the key words, 

and data objectives, are understood by the person conducting the search. Once key words 

are established,- then a variety of media may be reviewed to obtain the necessary 

information. 

Databases 

Databases are usually on-line or CD-ROM based information systems. These systems 

may be searched based on a number of parameters. Prior to searching a database, the 

database that will most likely yield the type of information required for the assessment 

should be determined. For example, ACQUIRE (Aquatic Toxicity Information Retrieval 

Database) provides information specifically on the toxicity of chemicals to aquatic plants and 

animals. IRIS (Integrated Risk Information System) provides information on health risks 

and regulatory information (such as oral and chronic inhalation doses) for a variety of 

chemicals. Other databases may include HSDB (Hazardous Substances Database), HEAST 

(Health effects Assessment Summary Tables), and BIOS IS (Biosciences Information 

Services). 

Several states have Fish and Wildlife History Databases or Academy of Science 

databases. These sources often provide useful life history information. State databases are 

good references to locate information on endemic organisms or geographically distinct 

habitats. 

Databases may yield a large amount of information in a short period of time. 

However. if the key words do not accurately describe the needed information, database 

searches will provide a large amount of ir.formation that is not relevant to the assessment. 

Access fees and on-line fees may apply. therefore, the selection of relevant key words and 

an orgamzed approach to the search will reduce the time and expense of this method of data 

acqUJsltlon. 

Abstracts 

Abstracts contain up-to-date listings of current, published information. Most abstracts 

are indexed by author or subject. Authors and key words. may be cross referenced to 

determine acceptable publications. Abstracts also include a copy of the abstract from the 

journal or book. A review of this information is a relatively quick ~y to determine if an 
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article is applicable to the risk assessment. As with databases, it is important to determine 

which abstracts are appropriate to the information necessary for a risk assessment. 

These documents are very useful because they may be indexed by authors. If an 

author is known to conduct a specific type of research, their name may be referenced in the 

abstract for other articles on similar subjects. If an abstract is determined to be pertinent, 

the original article must be retrieved for the details concerning the study and the exact 

calculations for any data. Common abstracts include Biological Abstracts, Chemical 

Abstracts, and Applied Ecology Abstracts. 

Abstracts usually must be manually searched. This can be a very time consuming step 

in a literature review. The use of relevant jcey words will also reduce the amount of time 

searching abstracts. 

Uterature Review Publications 

Several literature reviews are available which list toxicological or life history 

information. For example, the USFWS has published several contaminant specific 

documents which list toxicological data on terrestrial, aquatic and avian studies (e.g. Eisler, 

1988). The US Environmental Protection Agency publishes Ambient Water Quality Criteria 

( 1980) documents which list all the data used to calculate these values. Other documents 

publish toxicological data in which the authors further evaluate the information (e.g. Long 

and Morgan, 1990). The Wzldlife Exposure Factors Handbook (U.S. EPA 1993a,b) provides 

pertinent information on exposure factors (e.g., body weights, food ingestion rates, dietary 

composition, home range size) for 34 selected wildlife species. 

Literature reviews provide an extensive amount of information. However, the review 

must be specific to the information necessary in the risk assessment. When using these types 

of documents, it is important to use the values as described in the document to prevent 

invalid study conclusions. Therefore, the original article should be obtained to validate the 

conclusions in the literature review. 

References Cited In Previous Studies 

Toxicity information may be located in the literature cited section of previously 

published documents. Often, the same type of information as found in the published article 

may be found. In addition, this may be a source of additional authors who work on parallel 

stud1es. This type of literature tends to reqUire an intensive level of effort; and may not be 

very effective. However, this is probably most common approach used in literature searches. 

If this approach is selected, the best place to start is a review article. Many journals do not 

list the entire citation for an article. therefore. this may not be a useful technique. Also, it 
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may be difficult to retrieve literature cited because it may be found in obscure journals. 

foreign journals that need translation or in dissertations. 

The use of this technique can be the most time consuming of the literature search 

methods. However, this is probably the most common means for locating information. 

Journal Articles; Books; Government Documents 

There are a variety of journals, books and government documents that contain 

information useful to risk assessments. 

Once an article is retrieved, the complete citation should be noted for future 

reference. In addition, the original article- must be obtained prior to citation in a risk 

assessment. Once the original article is received, it must be critically reviewed to determine 

if the information is useful for the risk assessment. 

Threatened and Endangered Species 

Threatened or endangered species are concerns of both federal and state 

governments. When conducting an ecological risk assessment, it is often necessary to 

determine the effects of site contaminants to Federal Threatened or Endangered Species. 

In addition, special status state listed species may also be the focus of the assessment. The 

US Fish and Wildlife Service or State Natural Heritage programs should be contacted to 

determined if these species are present on or near the site. 

Once the presence of an endangered species is confirmed, information on this species 

as well as on surrogate species should be located in the literature search. This information 

can be used in the determination of site decisions and impacts. There are specific programs 

that deal with these issues and there maybe much more information on these species than 

on similar species. However, threatened species may not be the most appropriate species 

to model. 
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L"'TR.onucnoN 

The following checklist provides guidance in malring observations for an ecological 

assessment. It is not intended to be used for limited ac:tioas (e.g.: removals of a few drums), 

nor for purely industrial settings with no discharges. The checklist is a screening tool for 

preliminary site evaluation. and may also be useful in planning more extensive site 

investigations in the future. Therefore. please complete it in as much detail as time allows. 

The results of the checklist will serve as a starting point for the collection of appropriate 

ecological data to be used in developing an Action Memorandum. The preparers of this 

checklist recognize that certain questions are not universally applicable and that site-specific 

conditions will influence interpretation. Therefore, please provide a site synopsis to 

facilitate final review of the checklist. 

Date; ____ _ 
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Checklist for Ecological Assessment/Sampling 

I. SITE DESCRIPTION 
-~ . -.... - .. 

. : I . •• ~ I :,; 
. .......,. -..,;. ... 

~ .., 

»~,--·------

L S~N~------------------------------------
• 

Location· -------------------------

Co~------------------~--------------s~---------------

2. 1.atitudc: ---------- 1.oJisimde: -----

3. What is th: approximate ar= of the site? -----------------------

4. Is thU th: first site visit? a yes a DO U DO. mach trip report of previOUS sUe Wtt(S) if awilable. 

Datc(s) of pre\'ious site Yisit(s):. ________________________ __ 

S. Please attuh USGS topographic map(s) of the site to the cbeck&st"' if available. 

6. Arc ac:ri&l or odlu site photographs ava.ilablc? a yes a DO U yes, please attach aay available 

photo(s) to the site zzup at th: ccadusioo of this sec:tioZL 

1 



7. 

C5 Urbua -
_IJDR.ural 

_IJD ApicuJmral 

(Crops: ,_ 

_IJD R.~ 

(Describe: tUM if it u 11 JH11*, et~:.) 

The an:a ~ dzc aile is: 
mile: radius ------

f5 Urbua -
_C5R.ural 

C5 Residential -
-., 1adumial (0 light c =~> 

-" Apiculan1 

(~----------------
., Rcc:=icmal -

f5 UDCiismrbed -
tJ,Od= -· 

.. 

8. Has uy movemcm of soil tak= pLace al ~ she? C yes C DO. U yes. please id=dfy dle most Jikdy 

cause of this d.istutbazzcc: 

_ Agriculmnl Usc 

Nanual EYCDU 

Plez.sc dcsaibc: 

_ H~ Equipmem 

Erosiaa 

_Mmiq 

Ot.ber 

U~eL .. ------
2 



9. Do any potcmially scmilM ~ areas c:zist adjaa:m to or iD proximity to the site. c.;.. 

Fcdcral md Swe parks. NatiaiW md Swe maaumc:ms. wedandl, prairie pods~ ac.? 

/UmDftbC; flDtJd pllzin.f ll1lll W1JJwb 61'1 11Dt /lJwtJy$ DbviDu.f: liD IIDI t11UWr -nD• wilhDut CDnjilminf 

inftJif'/UIIii:Jft 

9a. Please pnm.k the soun:(s) of informalicm asec1 co idcmify tJ=e s=sii:M areas. &ad mctiace their 

gc=rallocation .on the site map. 

Date· -----
10. 'Wha.t rype of facility is Joc:ar.cd at the site? 

CJ chemical 

CJ other (specify), _______________ _ 

11. Wbat arc the suspcced ccmramiD•ncs of c:cmc:em al the me? u bawD. wbat arc the maximum 

conc=tratica leYels? 

12. Check my poteatial routes of off-site mip'aticm of c:cznaminanrs obsened at the site: 

CJ swa.lcs 0 depressions 

0 runoff 0 windblown particulates 

Ootha(s~~)'-------------------------------------------

13. U knowa, wb.a% is the approzimate depth to the 9t'ater table? ______ _ 

14. ls the direaion of surfac:: nmoff appareat from site observations? 0 yes 0 DO U yes. to which of 

the followiDg docs the suriac:: ruaoff discharge? ladicue aD that apply. 

0 surfac:: water 0 groundwata 0 c:aUeaiou impouadmezu 

LS. ls there a aavigablc watabody or uibuwy to a EUvigablc wate:bociy? --0 yes 0 DO 

3 



,. 

16. Is W:re a wuerbody ~ em or iD the wiciDily of the lire? U ,a. also complete Scciaa. III: 

Aq1Wic Habiza:t Occkliu - N~Flowiq SystemS ud./ot Scc:zjon IV: Aqualic Habiw Chcckfisr -

f'lowiDI S,aau. 

0 yes (appr=. IIOIIC~i:K;JUDK:C:I: ______ .....J Cna 

17. Is there C\'idcn= of floocfq? 0 yes C na. W«<MC IINl flDOil p/llilu 1ft IUlt tllwtlJIS DbYiaur. dD NJt 

tJrUtWT 'JID• wizJsDut amfil"minn injonru:riDn. U ,a. campJ= Secrioa V: Wdlud Habiw Occk!ist 

18. U 1 6eJcl pide was used to aid uy of the idezrdficarinns. pJeac prvridc 1 rcfcr=c:. A1sa, csriznare 

the lime 1pcn1 idcntifyiq fau.aa. (Use the back of dlis paac if addidonal spue far t= is aeedccL] 

19. Azc any tbreaz=cd &ad/or ~ spec:ia (pial or animal) bon 10 bababil tbc area of tb& 

site'! o yes o ao 11 yes. it u nquUaJ 1e wtijy tJW in/t1mullilltl ..., * u.s. FuJJ ll1lll Wil4llft s~ 

If species' idcmi1y is bowa please list them below. 

20. W ea1hcr a=diaoa.s &l the time this chcc:kl.ist was prcpara!. 

DA~--------------

----Tcmpcnmrc rem -----Normal daily !UP temperature 

------ Wmd (Dircaicu/Specd) ----PrccipilaDcm (rain. snow) 

------- Coud COYer 

4 l)aitLe -------



lA. Sl1?YfMARY OF OBSERVATIONS AND SITE SElliNG Dr fit 
Dat~lii.: -----

Completed by ________________ Awffili~ar~ioa~------

AdditioEU.l Preparcrs. _______________________ _ 

esc. ____________________________________________________ __ 

D~e. ___________ _ .. . 
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II. TERRESTRIAL HABITAT CHECKIJST 

IIA. WOODED 

1. Arc there uy wooded areas at r.bc sire? C yes C ao. It aa. 10 co Seczioa B: Shnab/Sc:::nab. 

2. Wbat pc:rc=rqe or area of tb.c site is woocled? L_ CJr, _ acres). bldicuc the wooded &res Oil 

tb.c sire map aaacbcd to a copy of to this checktiu Plc.uc jciemify what iDformaticm wu used to 

dctcrmi= tb.c wooded area of the sicc. 

3. Wbat is r.bc dominant type at ~gewiozl m r.bc wooded area? 

Mm:d) Paovidc a p~ if available. 

Dominant plam, if bowa: _____________ _ 

4. What is lhc predominant size c( the tte:s at the site? Usc diameter at breast hcipt. 

00-6in. CJ 6-12 m. 0>12in. 

liB. SHRUB/SCRUB 

l. Is shrub/scrub veg:wiau praent at the site? CJ yes 0 no If DO, ao to Section C: Open Faeld. 

2. ~t pcrcenuge of the site is c.overcd by SC'Ub/shrub vegewioc? ( _ CJr, _ aacs). IDdicatc 

the areas cf s.hrub/saub on the site map. Please identify what ialormatioc was used to dclcnD.iDe 

this area. 

3. Wlw is the dominant type of saub/shrub vc:g:tation, if kDD'Ml? Prc:Mdc a photographiC available. 

4. What is the approximate avenge heisJn cf the saub/shnlb ~? 

0 0.2 ft. 0 2-S ft. 0 > s ft. 

6 
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Date ____ _ 
• 



5. 

Date _____ _ 

0 patchy 0 sparse 

IIC. OPEN FIELD 

1. Arc there OpeD (bare. barr=) field areas pn:sem ll the me? 0 yes 0 110 II yes. please 

i.adic:a[C the l)'pC below: 

0 prairie/plaiDs 0 savamsab C old field 0 otl= (specify) ____ _ 

What pcn:=tage of the site is ope: field? ( _ 15 _ ac:RS). Iadiate the opca fields oa the 

sia: map. 

:;. Wlw is./aze the domiDPa' plml(s)? PrcMde..a pbotagraph. if aYiilable. 

4. What is the approximate avuage llei!ht of the domiaam pb.Dt? ______ _ 

5. 
0 sparse 

liD. MISCEU..ANEOUS 

1. Arc other types of terrestrial habitats prc.sem at the site other Elwl woods, saub/shrub, and open 

field'? 0 yes 0 ao U yes, idc:tify and describe them below. 

2. Dc:saibe the tcn:strialmisee!!aaeous habitat(s) and idcatify these area(s) oa the site map. 

7 



3. What ~ if uy, we:: made at du: sit&: rcptdiDg the prcs=cz aa.d/or abseacc of izueas. 

fish. binla.mamm•h, ac.? 

4. Review the questions ill SecriOD leo cl=ermi= if my adctitinaal babiw chcckUus should be 

comph:!ed far this sUe. 

8 
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IlL AQUATIC HABITAT CHECKLIST - NON-FLOWING SYSTEMS 

Nou: AI[U6Zi& ~4ft 11ftm tWtJticttt willa wuiiiNllu:bizlzu. Piau ref~ m Sea:iDta Y, Wtdmui Htlbir.a: 

CMddis:L 

0 Namral (poad. Ja.l=) 

0 Mu·awlc (lagoaiE. ==rvoir, cual, im.poeauimem) 

4. What is tbe apprmimarc: size of &.be wacerbody(s)? ----acre(s). 

0 cmcrpt 0 Submczs=l 

6. If known. what is the dcptb o! me warcr? ---------------

7. What is the general eompositicm of tbc substrate? Check all chat apply. 

8. 

0 Bedrock 0 Smd {cousc) 

CJ Boulder ( > 10 iD..) CJ Silt (tiDe) 

CJ Cobble (2.5-10 iD..) CJ Marl (shells) 

CJ Gravel (0.1·2.5 iD..) CJ Clay ( slic:.k) 

0 Otha (specify) 

Wlw is tbc sourc: of water in the waterbody'? 

0 Rhu /stream/acck 

CJ lndu.urU.l distharge 

0 GroWldwater 

0 Surface nmoff 

9 

0 Muck (fmc/black) 

0 Debris 

0 Dctrirus 

0 CoDC:rCte 

0 Other (specify) _____ _ 

-·~. 
l .... ... . . . 

L>'.,;. ---- .. ., 
·• ·. ~ r 

• 



9. Is then: a ctisdwJ'c from the site 10 the wucrbody? 0 ,a 0 ao U )a. p1casc cicsaioe this 

ciisdwrc aDd iu path. 

10. Is then: a disc:iwJc from die wucrbocly'l C ,a C ao U ,a, ami tl= mfanzwi= is ava.ilab1c. 

idcmify &am che lisl below Ehe eDYiroamat iDeo wbidl die wucrbocly cliscbarp. 

Disw= :-------
0 off-sire 

0 Wetlud 
Disrac:l: ·-------

0 Impowsdmc:m 0 .Oil-site 

ll. Idemify uy field m=suremcms &Dd obsenatioas at water quaJily tlw wuc made. Far tbose 

parameterS for wbich data w=e coUec:ted provide the mcasuremeal ami the UDiu of mc::asure below: 

Depch (average) 

Temperature (depth of the water at which. dae rucbc was tak= ___) 

pH 

Sali.aay 

Turbidiry ( cle2r. sfishdy turbid. turbid, opaque) (Sea:bi disk depth _ ) 

Other (specify) 

12. Desaibe obscncd color &Dd area o( coloration. 

13. Mark the opcs·watct, DOD·fiowiug system on tbe site map which wiD be aa•ched to this checklist • 

10 

.. .. 
~ " . -.-:; t. . , ... ~ . 
.. 'l:\'~' 
""-' v "i . ~ . 

llaii~ ... ;--· ·---._·.-.-.. 

I 



• 

• 

14. W1w obsc:nuioas. if uy, wet'e made at me wawbody reptdiDg me prcs=c: md/or abseDa: of 

bczWUc ~fish. birds. mammals, cu:.? 

--. . . ... ,, -· .... 
:L.i j_ ~...;i., ~ 

·: .. - ··. :··;.;-:-
. ...., .. --· i:'., 

Dat""-e -----
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IV. AQUAnC 'HABITAT CHECKLIST - FLOWING SYSTEMS 

Nou: A~ sysunu 1ft ojwl usodi:ud widt walliNl Jlpftitm Piau rrj,- 10 Sct:d«a Y, Wnlad Habitlzt 

C1a«JdU:. 

c JU\'Cf 
c Drywall 
0 Mm-Made 

C Suam 
0 Arrayo 
o l.afermitt=r sucam 

0 Crc:k 
OBraok 
0 Oannefing 

(ditch, Ctc.) 
0 Other (specify). ____ _ 

2. If kDowa. what is dae a.ame at dae wawbody? ___________ _ 

3. For natural syuems. an: then: my iDdic:aton of physic:~~ akeratioll (c:.a.. cha=eung. debris. e::.)? 

CJ yes 0 AO U yes. please desaibc iDdicuars that wue obscned. 

4. Wlw is the JC=ral ccmpasition of the substruc? ·Check aJ1 that apply. 

0 Bedrock 

0 Boulder ( > 10 izL) 

0 Cobble (2..5-10 in.) 

0 Gra\'Cl {0.1·2.5 in.) 

0 Saud ( cousc) 

0 Silt (fine) 

C Marl {sheDs) 

0 Clay (slick) 

CJ Other (specify). _____ _ 

C Muc:k (&De/black) 

0 Debris 

0 Deuitus 

0 Collcme 

S. What is the condition of the bank (e.g.. he~ slope, exu= of~ com')? 

u 

:-. 
•. :~ . ·• ; · ..... 

.:.,...:---~· .· L.;.. ·... . -~·:. =~~i 
.. _, '..,I . ._. • .... 

Dale .... _____ _ 

• 
• 

.. 



7. Is the flow imcrminem? 0 yes 0 ao U yes, please cocc the ialonzwiaa tlw was used. ill makiDg 

this~ 

8. Is there a disdwJc from the silc co the wiiCrbody? 0 ,a 0 110 U ,a. please cicscribe the 

disdwJc ud ks parA. 

9. Is there a disdwge from the wmrbody? C ,a C 110 U ,a. azul the izl.formalicm is nailable, p1cue 

identify what the waterbocly disdwp:s co &Dd wbcchcr tbc disc:buJe is = m or off site. 

10. Idc:tify my field mcasumDems md obscnuioas of water qualil:y Ebar w=e made. for lhase 

parameters for wbich data were coUectcd pnMde the mcuarcmcm azul thc 1UZia af me:uure in the 

appropri.uc spa= below: 

W"ldtb (ft.) 

Depth (ft.) 

Velodry (specify UDir.s: ) 

Tcmperuure ( dcptb of tbc wucr at wbidl the readiDa was cak= ___ _ 

pH 

Turbidity (dar, slightly mrbid. turbid. opaque) (Secchi disk depth ) 

Other (specify) ____________ _ 

_.r. 
·i . 
·~ .._. ~. ~· .. 
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Cs~ C IJo•rina 

14. What obsenatiODS ~ made at the waterbody reprcfiDg the presezzc: Ull/or absence of bc:nrhic 

maaoinvenebrates. fish. birds, mammals., etc.? 

D.d-a.; -----

14 
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V. WETlAND HABITAT CHECKIJST 

1. Based 011 obsen'UioDs u.d/or available iDformarioa., are designared or blcwla wc:dmds definitely 

pn:s=l ar tbe iir.e? C ,a 0 110 

Pluse aacc tbe sour=s of obserftDaas aDd iaforDwi= asecl (c.;.. USGS Toposrapbic Maps, 

Natiaaal WctLIIId Izm=tary, fcdc:a1 or SWe AJ=q, etc.) to make chis ~ 

2. Sued oa tbe locaaoa of the sW: (e.&.. a1caa a wucrbody, ill a llcodplain ere.) ucllir.e mndiriam 

(e.g.. sta:adi:ag wucr; dark, -.t soils; mall cracks; debris li=; warc:r marb). are wedazu:l babitau 

suspccs:ed? 0 yes 0 110 U ~ proc=:d wif! tbe remainder of the wcdaiMl babiw idcntificarioa 

cizecklisr 

Cl Submcrgem 
CJ Scrub/Shrub 

0 Em=pzll 
0 Wooded 

CJ Other (spcdfy) _____ _ 

4. Provide a peral desaipdall of tbe yqcwiGa J'RSCDl ill uul ara=d die MdlzMl (beipt. colar, 

etc.). Provide a photograph of die kDOMl or suspcczcd -.tlands, if &YailabJc. 

. .. 

5. l.s standing water prcscDt? Cl ~ 0 ao U yes. is chis water. 0 frail C Brackish 

What is the approximate uu of chc wacc:r (sq. fL)?~-~:-:-:-=---~ 

Plus: complete quc:lboas 4&, 11, 12 ill Checkli.sc m • Aquatic Habiw - NOil-flowiag Systems. 

6. l.s thcrc nicicnc: of Ooodins ac the site? What obsuvac:iom were DCKed1 

0 Burtressing Cl Water marks Cl Mud cracks 

0 Debris Ii= Cl Other ( desaibc below) 

--..~. . .. 
:: :-·· .. . 
~ ......... ~--

·-_·: : ;·_.·;··:~T 
·- ~ :..· ! 

-;:, 
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0 GtOUDdwate: 

0 Surfaa: Jl~ 

8. Is du:r: a aiscJw!e from die site to a bOWil or suspc:cr=l wedaad? 0 ,a 0 110 If yes. please 

dcsaibe. 

0 Surfac: su=m/Rh'er 0 Grcnmdwucr c Lab/Poad 

10. I! a soil wnplc .,"U collcc::ed., dcsaibc the appeannc: cf che soil ill tbe wedud ar:a. Circl: or 

write in die best r:sponsc. 

Color (blue/gray, brown. black, mottled)--------------

Water content (dry, wet. saturated/w:&S.tturated) ---------

11. Muk th: observed wetland arca(s} on the attached site map. 

v--
I -- -· 

..... - ... :~! 
--· ..• -

-· ar 

L
":"'\,_. __ 
., . -_ . .,.. _____ _ 
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EXPLANATION OF TERMS USED IN nus CHECKLIST 

Benthic 

Detritus 

Marl 

Riparian 

Secchi (disk) 

Submergem V q:tatioa 

Swales 

Dry JUlch. brook, or creek. A deep JUlly au by m imcrmincm brook or 

sucam. 

Pert&irzias 10 the boaom of a wuetbody. 

Loose fngmenn or panida formcc:l by the clisimqratiou of rocks. 

A mizmr= of cb,s. c::a:bcm.u:s of alc:im:r2 azul mapesi\:m azul r::mnznrs of 

shells. 

Of, or au the baDk of a aamra1 c:aune of ware:. 

Basic measure of.-nzrbidily, t'isibiJiJ:y or crmspar=q of wucr. 

.-.. ., ..... , 
··--. .; :_; .t... :~ . ._,· 

.;. .... 

Daie -----
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