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Guidelines for Ecological Risk ..
Assessment.

SUMMARY: The U.S. Environmental -

Protection Agency (EPA) is today -

- publishing in final form a document
entitled Guidelines for Ecological Risk
Assessment (hereafter “Guidelines”).
These Guidelines were developed as
part of an interoffice program by a
Technical Panel of the Risk Assessment
Forum. These Guidelines will help
improve the quality of ecological risk

.assessments at EPA while increasing the
consistency of assessments among the
Agency's program offices and regions.

“These Guidelines were prepared
during a time of increasing interest in

. the field of ecological risk assessment
and reflect input from many sources
both within and outside the Agency.

“The Guidelines expand upon and
replace the previously published EPA -

_report Framework for Ecological Risk
Assessment (EPA/630/R—92/001
February 1992), which proposed

*principles and terminology for the
ecological risk assessment process.
From 1992 to 1994, the Agency focused
on identifying a structure for the
Guidelines and the issues that the -

" document would address. EPA

sponsored public and Agency coﬂoqule. :

developed peer-reviewed ecological
-assessment case studies, and prepared a
. set.of peer-reviewed issue papers .
highlighting important principles and
approaches. Drafts of the proposed
Guidelines underwent formal external
peer review and were reviewed by the
Agency’s Risk Assessment Forum, by -
Federal interagency subcommittees of
‘the Committee on Environment and
Natural Resources of the Office of

Science and Technology Policy, and by .

the Agency’s Science Advisory Board
" (SAB). The proposed Guidelines were
" published for public comment in 1996 -
(61 FR 4755247631, September 9,

1996). The final Guidelines incorporate .

revisions based on the comments
received from the public and the SAB
on the proposed Guidelines. EPA
appreciates the efforts of all participants
" in the process and has tried to address
their recommendations in these -

- Guidelines.
DATES: The Guidelines will be effectlve
on April 30 1998

ADDRESSES: The Guidelines will be’
made available in several ways:

(1) The electronic version will be -
accessible on thé EPA National Center*; .
for Environmental Assessment home

_page on the Internet at http: //

www.epa.gov/ncea/. '

(2) 312" high-density computer
diskettes in WordPerfect format will be
available from ORD Publications,

--Technology Transfer and Support

Division, National Risk Management
Research Laboratory, Cincinnati, OH;

. telephone: 513-569-7562; fax: 513—

569-7566. Please provide the EPA No.
(EPA/630/R-95/002Fa) when ordering.
(3) This notice contains the full -
document. (However, because of
Federal Register format limitations, text
boxes that would normally be included
at their point of reference in the -
document are instead listed at the end

-of the Guidelines as text notes.) Copies

of the Guidelines will be available for

" inspection at EPA headquarters and

regional libraries, through the U.S.

- Government Depository Library

program, and for purchase from the .’
National Technical Information Service
(NTIS), Springfield, VA; telephone:

© 703-487-4650, fax: 703-321-8547.

Please provide the NTIS PB No. (PB98—
117849) when ordering. -

~ FOR FURTHER INFORMATION,; CONTACT: Dr

Bill van der Schalie, Natmnal Center for
Environmental Assessment—Washmgton

_ Office (8623), U.S. Environmental - -

Protection Agency, 401 M Street, SW,
Washington, DC 20460; telephone 202-—
564-3371; e-mail: Eco-
Guidelines@epamail.epa. gov.,

SUPPLEMENTARY INFORMATION: Eeologlcal

" risk assessment *‘évaluates the

likelihood that adverse ecologxcal effects
may ocCur Or are occurring as a result

of exposure to one or more stressors”
(U.S. EPA, 1992a). It is a flexible process
for organizing and analyzing data,
information, assumptions, and

_uncertainties to evaluate the likelihood

of adverse ecological effects. Ecological
risk assessment provides a critical
element for environmental decision
making by giving risk managers an
approach for considering available
scientific information along with the
other factors they need to consider (e.g.,
social, legal, political, or economic) m
selecting a course of action.

To help improve the quality and
consistency of the U.S. Environmental
Protection Agency’s ecological risk

" assessments, EPA's Risk Assessment

Forum initiated development of these
Guidelines. The primary audience for-
this document is risk assessors and risk
managers at EPA, although these

Guidelines also-may be useful to others -

out51de the Agency. These Guidelines
expand on and replace the 1992 report
Framework for Ecological Risk
Assessment (referred to as the

Framework Report; see Appendix A).
They were written by a Forum technical .

- panel and have been revised on the

basis of extensive comments from
outside peerreviewersaswellas - - .
Agency staff. The Guidelines retain the
Framework Report's broad scope, while
expanding on some concepts and
modifying others to reflect Agency

‘experiences. EPA intends to follow

these Guidelines with a series of shorter,
more detailed documents that address
specific ecological risk assessment
topics.. This “bookshelf”’ approach
provides the flexibility necessary to
keep pace with developments in the
rapidly evolving field of ecological risk

“assessment while allowing time to form

consensus, where appropriate, on

- science pohcy (default assumptlons) to

bridge gaps in knowledge. EPA will-
revisit guidelines documentsas
experience and scientific consensus
evolve. The Agency recognizes that
ecolog1ca1 risk assessment is only one
tool in the overall management of

- ecological risks. Therefore, there are

ongoing efforts within the Agency to
~ develop other tools and processes that
can contribute to an overall approach to
ecological risk management, addressing
topics such as ecological benefits
assessment and cost-benefitanal
Ecological risk assessment inclu des
three primary phases: Problem. '
formulation, analysis, and risk
characterization. In problem

' formulation, risk assessors evaluate

goals and select assessment endpoints,
prepare the conceptual model, and
-develop an analysis plan: During the
analysis phase, assessors evalua;e

' exposure to stressors and the

relationship between stressor levels and
ecological effects. In the third phase,

» risk characterization, assessors estimate

risk through integration of exposure and
stressor-response profiles, describe risk
by discussing lines of evidence and
determining ecological adversity, and
prepare a report. The interface among
risk assessors, risk managers, and

_interested parties during planning at the
. beginning and communication of risk at

the end of the risk assessment is critical

.’ to ensure that-theresults of the '
assessment can be used to support a
' management decision. Because of the .

diverse expertise required (especially i in
.complex ecological risk assessments), -
risk assessors and risk managers
frequently work in multldlsmphnary

. teams.

. Both risk managers and risk assessors
brmg valuable perspectives to the initial
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‘ plannlng activities for an ecological risk
. assessment. Risk managers charged with
protecting the environment can identify

i ‘]}; information they need to develop their

. decision, risk assessors can ensure that
- sclence is effectively used to address
ecological concerns, and together they
can eévaluate whether a risk assessment
. can address identified problems.

" However, this planning process is

* distinct from the scientific conduct of

" an ecological risk assessment. This

. distinction helps ensure that political
- and soclal issues, while helping to

- define the objectives for the risk
gssess ment, do not introduce undue

ias.
. Problem formulation, which follows
these planning discussions, provides a

« foundation upon which the entire risk

. asses$iniént depends. Successful

' completion of problem formulation

+ depends on the quality of three
" products: Assessment endpoints,
. conceptual models, and an analysis
plan. Since problem formulation is an
. interactive, nonlinear process,
© substantial resvaluation is expected to
. occur during the development of all
" problem formulation products.
. The analysis phase includes two
: prlnclpal activities: Characterization of
exposure and characterization of
. ecological effects. The process is
flexible, and interaction between the
" two évaluations Is essential. Both
valuate available data for
“.:ility and relevance to
ment endpoints and the
concepmal model. Exposure

. characterization describes sources of

- stressors, their distribution in the
... environment, and their contact or co-
B cal receptors.
... Ecological effects characterization
" ... evaluates stressor-response
* relationships or evidence that exposure
* to stressors causes an ohserved
response. The bulk of quantitative
. uncertainty analysis is performed in the

B analysis phase, although uncertainty is

an important consideration throughout

. the entire risk assessment. The analysis

phase products are summary profiles
that describe exposure and the stressor-
nse relationships.
k characterization is the final
' phase of an ecological risk assessment.
During this phase, risk assessors
estimate ecological risks, indicate the
overall degree of confidence in the risk
_ estimates, cite evidence supporting the
risk estimates, and interpret the
adversity of ecological effects. To ensure
mutual understanding between risk
assessors and managers, a good risk
characterization will express results
* clearly, articulate major assumptions
and uncertainties, identify reasonable

alternative intérﬁretétibhﬁi andseparate

scientific conclusions from policy
judgments. Risk managers use risk
assessment results, along with other |

_factors (e.g., economic or legal

concerns), in making risk management
decisions and as a basis for
communicating risks to interested
parties and the general public.

After completion of the risk
assessment, risk managers may consider
whether follow-up activities are
required. They may decide on risk
mitigation measures, then develop a
monitoring plan to determine whether

. the procedures reduced risk or whether
ecological recovery is occurring.

Managers may also elect to conduct -
another planned tier or iteration of the
risk assessment if necessary to support
a management decision.

Dated: April 30, 1998.
Carol M. Browner, -
Administrator.
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'NOTICE

) This report contains the full text of the Gmdelmes for Ecologlcal Rlsk Assessment However, =
the format of this version dlﬁers from the Federal Register version, as follows: text boxes that
are included in this document at their point of referénce were instead hsted at the end of the.
Federal Reglster document as text notes, due to format lumtatlons for F ederal Reglster
: documents - :
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1. INTROl)UCTION L

_ Ecologlcal risk assessment is a process that evaluates the. hkehhood that adverse .

v ecologlcal effects may occur or are occumng asa result of exposure to one or more stressors

(U.S.EPA, 1992a). The  process is used to systematlcally evaluate and orgamze data, .

J information, assumptions, and uncertainties in order to help understand and predict the

: relatlonsths between stressors and ecologlcal effects in a way that is useful for envuonmental
decision makmg An assessment may mvolve chemlcal physrcal or blologlcal stressors, and

‘one stressor or many stressors may be consrdered '

- Ecological risk assessments are developed w1thm a nsk management context to evaluate
human-mduced changes that are consrdered undesnable As aresult, these Guldehnes focuson

: ‘stressors and adverse effects generated or influenced by anthropogemc activity. Deﬁmng

adversity is 1mportant because a stressor may cause adverse effects on one ecosystem component

. but be neutral or even beneﬁcral to other components. Changes often con51dered undesuable are

those that alter i 1mportant structural or functional characteristics or components of ecosystems. -

An evaluation of adversity may mclude a cons1deratron of the type, intensity, and scale of the

effect as well as the potent1a1 for recovery The acceptabrhty of adverse effects is determmed by

risk managers. Although intended to evaluate adverse effects the ecological risk assessment :
process can be adapted to predict beneﬁclal changes or risk from natural events. ‘
Descriptions of the likelihood of adverse effects ‘may range from qualitative judgments to
quantitative probablhtles Although risk assessments  may include quantltatlve risk estnnates
quantltatlon of risks is not always possible. It is better to convey conclusions (and assocrated
uncertamtles) quahtatlvely than to 1gnore them because they are not easrly understood or

estlmated ) . : ‘ L

Ecologlcal risk assessments can be used to predlct the hkehhood of future adverse effects .

(prospectlve) or evaluate the likelihood that effects are caused by past exposure to stressors '

' (retrospectlve) In many cases both approaches are mcluded in a single risk assessment. For
example, a retrospectlve risk assessment designed to evaluate the cause for amphrblan populatlon
declines may also be used to predict the effects of future management actions. Combined -
retrospecuve and prospectrve risk assessments are typical in situations where ecosystems have a

“history of previous impacts and the potent1a1 for future effects from multiple chemrcal phys1cal

or blologlcal stressors Other termmology related to ecologlcal risk assessment is referenced in

text box 1-1.




1.1. THE ECOLOGICAL RISK
- ASSESSMENT PROCESS

The ecologlcal nsk assessment The following terms overlap to varying
| degrees with the concept of ecological risk

77 .. .| assessment used in these Guidelines (see
characterization of eﬁ‘ects and ‘ | Appendix B for definitions):

characterization of exposure ‘These provrde |

the focus for conducting the three phasesof | ° Hazard assessment -
.| * Comparative risk assessment

: | oo | Cumulative ecological risk assessment
analysrs, and risk charactenzatlon ) | » Environmental impact statement

~ The overall ecological nsk assessment
processI is shown in ﬁgure 1-1. The format remains consrstent W1th the dragram from the 1992
' report Framework for Ecologzcal Risk Assessment (referred to as the Framework Report).
However, the process. and products wﬂhm eachphase have been reﬁned and these changes are
detarled in ﬁgure 1-2. 'Ihe three phases of nsk assessment are enclosed bya dark solid line.
- Boxes outside this line 1dent1fy critical activities that mﬂuence why and how arisk assessment is

Text Box 1-1. Related Terminology

process is based on two major elements

‘risk assessment‘ problem formulatron, ‘

- conducted and how it will be used.

Problem formulation, the ﬁrst phase, is shown at the top. In problem formulation, the
purpose for the assessment is artlculated the problem is defined, and a plan for analyzmg and
charactenmng nsk is determmed Imt1a1 work in problem formulatlon mcludes the mtegratlon of
. -available mformatron on sources, stressors, effects and ecosystem and receptor charactenstlcs
‘From this mformatron two products are g nerated: assessment e ‘

Erthcr produ ay be generated ﬁrst (the o 3!
~are needed to ¢ mplete an analysrs plan, the ﬁnal product of problem formulatlon

Analy51s, shown in the middle box, is directed by the products of problem formulation.
Durmg the analysis phase data are evaluated to determme how exposure to stressors.is hkely to
“occur (characte tion of exposure) and glven this exposure the potentlal and type of ecologlcal
“effects that can be expected (characterization of ecologlcal eﬁ'ects) The first step in analysis is
to determme the strengths and hmrtatrons of data on exposure effects and ecosystem and
| receptor charactenstxcs Data are then analyzed to charactenze the nature of potcnttal or actual

exposure and the ecologlcal responses under the clrcumstances deﬁned in the conceptual ‘
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,model(s) The products from these analyses are two proﬁles, one for exposure and one for

stressor response. These products prov1de the basis for risk. charactenzatlon

Durmg risk characterization, shown in the thlrd box, the exposure and stressor-response

: proﬁles are integrated through the nsk estimation process. Risk characterization mcludes a

summary of assumptions, scientific uncertainties, and strengths and limitations of the analyses

The final product is a risk description in which the results of the mtegratlon are presented

including an interpretation of ecologlcal adversrty and descnpnons of uncertamty and lines of

evidence.. , :
Although problem formulatlon
analys1s, and risk characterization are
presented sequentlally, ecologlcal risk -

- assessments are frequently 1terat1ve

Something learned during analy81s or nsk

charactenzatron can lead to a reevaluation of

problem formnlation or new data collection
and analy51s (seetext box 1-2).

Interactions among risk assessors, nsk '

'managers and other interested parties are
shown in two places in the dlagram. The s1de
box on the upper left represents planning, K
where agreements are made about the
management goals, the purpose for the risk

( assessment and the resources available to

~ conduct the work. The box following risk.
 characterization represents when the results of
the risk assessment are formally

- communicated by risk assessors to risk

' managers. Risk managers generally :

T communicate risk ‘assessment results to

interested parties. These activities are shown

~ outside the ecologlcal risk assessment process -

- diagram to emphas12e that risk assessment.

Text Box 1-2. Flex1b1hty of the
Framework Dlagram ~

| The framework process (ﬁgurel -1) is’aA o

general representation of a complex and
varied group of assessments. This diagram
represents a flexible process, as illustrated by
the examples below. :

» Inproblem formulation, an assessment -
. may begin with a consideration of
endpoints, stressors, or écological effects
Problem formulation is generally
‘ mteractlve and 1terat1ve, not linear.

. In the analys1s phase charactenzatlon of

~ exposure and effects frequently become | .

. intertwined, as when an initial exposure-
leads to a cascade of additional exposures
and secondary effects. The analysis
phase should foster an understanding of
these complex relatlonshlps

.. Analysxs and risk charactenzation are
shown as separate phases. However,
" some models may combine the analysis
- of exposure and effects data with the
‘integration of these data that occurs in
- risk characterization.

and risk management are two distinct activities. The former involves the evaluation of the

likelihood of adverse effects, while the latter involves the selection of a course of action in




response to an entlﬁe nsk that based on many factors (e g soc1a1 legal pohtlcal or

‘msmon iteration, and

\aﬁﬁe’ié,e‘rh‘eﬁi; 1997).

| nsk management box mdlcates that

important, are not always required.

SINURE “+ yEcological risk assessments are designed and conducted to prov1de mformatlon to nsk
managers aboutwthe potentlal adverse effects of dlfferent management decrslons Attempts to

considerations and sources of mformatlon are used by managers in the dec1s1on process
ecological risk assessments are unique in prov1dmg a sclentlﬁc evaluatlon of ecologlcal risk that
explicitly addresses uncertamty
deoo 1 2.1. Contrrbllutlons of Ecologlcal Rlsk Assessment to Envnronmental Decnsnon Makmg
oo | At EPA eco]oglcal nsk assessmenm are“ used to support many types of management

acnons mcludmg the regulauon of hazardous waste sites, industrial chemlcals and pesticides, or

the management of watersheds or other ecosystems aﬁected by multlple nonchermcal and
chemical stress:

. The ecologlcal risk assessment process has several features that contribute to
effective environmental decision makmg.

d mterpretatlon, acqumng the“ N




e Through an 1terat1ve process, new mformatlon can be mcorporated into risk
- assessments, wh1ch can be used to unprove envrronmental decrsron makmg This
© featuré is consistent with adaptlve management ptinciples (Hollmg, 1978) used in
managmg naturaLresources o C

e RlSk assessments can be used to express changes in ecologlcal eﬁ'ects asa
- function of changes in exposure to stressors. This capability may be partlcularly
useful to the decision maker who must evaluate tradeoffs examine dlfferent
: altematlves, or determme the extent to Wthh stressors must be reduced to achieve
" agiven outcome. |

" . lesk assessments exphcltly evaluate uncertamty Uncertamty analysrs describes
the degree of confidence in the assessment and can help the nsk manager focus

research on those areas that W111 lead to the greatest reductlons in uncertainty.

. " Risk assessments provide a basis for comparing, ranking, and pribritizing risks.
The results can also be used in cost-benefit and cost-effectiveness analyses that
offer addltional mterpretatlon of the effects of alternative management optlons

L RlSk assessments con51der management goals and objectlves as well as sclentlﬁc
o ‘  jssues in developing assessment endpomts and conceptual models during problem
' formulatlon Such initial planmng act1v1t1es help ensure that results will be useful o
o risk managers. ' T )

1 2.2 Factors Affectmg the Value of Ecologlcal Risk Assessment for Envrronmental ’
Decision Making . o ‘ e
' _The wide use and i 1mportant advantages of ecologrcal risk assessments do not mean they

are the sole determmants of management decrsrons risk managers con51der many factors Legal |
mandates and pohtrcal social, and economlc consrderatlons may lead rlsk managers to make
decrsrons that are more or less protective. Reducmg risk to the lowest level may be too
expensive or not techmcally feasible. Thus, although ecologlcal nsk assessments provide cr1t1cal
mformatlon to risk managers they are only part of the envrronmental dec1sron-mak1ng process.
' In some cases, it may be desrrable to broaden the scope of a risk assessment durmg the
: planmng phase A nsk assessment that is too narrowly focused on one type of stressor ina
system (e.g., chermcals) could fail to consrder more 1mportant stressors (e.g., habrtat alteratlon)




However, options for modlfymg the scope of a. nsk assessment may be 11m1ted when the scope is

- "defined by statute. . ' | : - o
- In other 51tuat10ns, management alternatives may be avmlable that completely cxrcumvent
 the need for a risk assessment. For example, the risks assoclated with building 2 hydroelectnc
dam may be avorded by consrdenng alternatives for meetmg power ‘needs that do not involve a
new dam In
“or one may not be needed at all.

e 51tuat10ns, the nsk assessment may be red1rected to assess the new altematlve,

| 1.3 scorn AND INTENDED AUDIEH CE

‘These Guidelines describe general prmclples and glve examples to show how ecologlcal |

- risk assessment can be apphed toa Wlde range of ‘systems, stressors, and b1010g1ca1 spatlal and
: temporal scales They descnbe the strengths and lmutatlons‘ of; alternatlve approaches and

‘echmques, methods, or models. They do not prov1de detalled gmdance, nor are they |
| ffifprescnptlve ThlS approach, although mtended to promote con31stency, prov1des ﬂex1b111ty to |

appr ches could soon become

| “that may be 1mportant to protect (U S. EPA‘ 1997a), and prov1de an mtroductlon to ecologlcal
: nsk assessment for risk managers (U S.EPA, 1995a) , ,
P011c1es 1n thls document are mtended as mtemal gmdance for EPA. Risk assessors and
| nsk managers at EPA are the pnmary audlence, although these Gmdelmes may be useful to
others outside the Agency. This document is not a regulation and i is not intended for EPA
regulations. The Guidelines set forth current sclentrﬁc thmkmg and approaches for conducting
i t mtended nor can they be rel1ed upon,

| to create any gh

| wbeyond the scope of these Guldehnes Other EPA pubhcatlons drscuss how ecologlcal concernﬂs‘ o




| These Guidelines replace the Framework Report (U S. EPA, 1992a). They expand on -
and modlfy framework concepts to reﬂect Agency expenence since the Framework Report was
pubhshed (see Appendlx A). ‘

1.4. GUIDELINES ORGANIZATION : ,
" These Guidelines follow the ecologlcal nsk assessment format as presented in figures 1- 1

~and 1-2 Sectlon 2 (planning) describes the dlalogue among risk assessors, risk managers, and
' mterested partles before the risk assessment beglns Sectlon 3 (problem formulatlon) describes
how management goals are interpreted, assessment endpoints selected conceptual models
_ constructed and analysis plans developed.: Section 4 (analy81s) addresses how to evaluate
potentlal exposure of receptors and the relatlonsh1p between stressor levels and ecological
| effects. Section 5 (risk charactenzatlon) describes the process of estimating risk through the
mtegratlon of exposure and stressor-response profiles and dlscusses lines of ev1dence

mterpretatlon of adversity, and uncertainty. Finally, section 6 (on relating ecologlcal information . .

to risk management decisions) addressescommumcatmg theresults of the nsk assessment to risk

‘managers. . - U




2. PLANNING THE RISK ASSESSMENT

Ecologxcal risk assessments are |

Wconducted to transform ic data o
meanmgful mformatlon about the nsk of

" human activities to the environment. Their

+ purpose is to enable risk managers to make

mformed enwronmental demswns To ensure

| 1 and 2-2) and, where appropriate, interested

‘ parues (see text box 2-3), engage m a
planmnm d1a1 gue as a critical ﬁrst step
| War it nroblem formulatron (see
gure 1-2).

Th l d T IERTITRY
¢Pp g 1a.logue ‘ls“ the - | through community action, these groups may

_tisk managers and risk assessors. However, it

1s unperatlve to remember tPat ”plannmgw }
remams dtstmct from the sclentlﬁc conduct of
arisk assessment. This distinction helps

ensure that political and social issues, though

"‘““helpmg defmeth Mobjecttves for the S

10 ¢ determine ifa nsk :

Text Box 2-1. Who Are Risk Managers?

Risk managers are individuals and
organizations who have the responsibility, or
have the authority to take action or require -
action, to mitigate an identified risk. The
expression “risk manager” is often used to
represent a decision maker in agencies such
as EPA or State environmental offices who
bas legal authority to protect or manage a
resource. However, risk managers may
include a diverse group of interested parties
who also have the ability to take action to
reduce or mitigate risk. In situations where a

| complex of ecosystem values (e.g., watershed

resources) is at risk from multiple stressors,
and management will be implemented

function as risk management teams. Risk
management teams may include decision
officials in Federal, State, local, and tribal
governments; commercial, industrial, and
private organizations; leaders of constituency
groups; and other sectors of the public such
as property owners. For additional insights
on risk management and manager roles, see
text boxes 2-3 and 2-4.

essment is the best optlon for

“ supportmg the dec1s1on R1sk managers and nsk assessors both ons1der the potential value of
conducting a risk assessment to address identified problems. Thelr discussion explores what i 1s
known about the degree of risk, what management options are avaﬂable to mmgate or prevent it,
‘and the value of conducting a risk assessment compared with other ways of learmng about and ‘

addressmg envn‘onmental concerns. In some c:

es, a nsk assessment may add little value to the

“decision process because management altematlves may be ava.llable that completely c1rcumvent
the need for a risk assessment (see section 1.2.2). In other cases the need for a risk assessment
may be investigated through a simple tiered nsk evaluation based on minimal data and a sunple

| mmodel (see sechon 2 2 2)




Once the decision is made to conduct -

a risk assessment, the next step is to ensure

- that all key participants are appropnately
involved. Risk management may be carried.
out by one demsron maker in an agency such
as EPA or it may be nnplemented by several

| nsk managers workmg together as a team' (see

be conducted by a smgle risk assessorora  *
team of nsk assessors (see text box 2-2). In

- some cases interested parties play an

'~ important role (see text box 2-3). Careful
consideration up front about who w111 '
participate, and the character of that
part101patron, w111 determme the success of .-
planmng ‘

B 'vz 1. THE ROLES OF1 RISK MANAGERS,

Text Box 2-2. Who Are Risk Assessors?

Risk assessors. are a drverse group of
professionals who brmg a needed expertise to
arisk assessment team. When a specific risk
assessment process is well defined through
regulations and guidance, one trained
individual : may be able to complete a risk”

| assessment given sufficient mformatron (eg., |

text box 2-1) Likewise, risk assessment may premanufacture notice of a chermcal)

However, for complex risk assessments, one
individual can rarely provide the necessary

| breadth of expertise. Every risk assessment-

team should include at least one professional -
who is knowledgeable and experiencedin
using the risk assessment process. Other
team members bring spec1ﬁc expertise
relevant to the locations, stressors,

“ecosystems, screntlﬁc issues, and other

expertise as needed, dependmg on the type of |

‘ assessment

.RISK ASSESSORS AND INTERESTED PARTIES IN PLANNING ‘
During the planmng dlalogue, risk managers and risk assessors each brmg 1mp0rtant

perspectives to the table. Risk: managers, charged w1th protectmg human health and the

environment, help ensure that nsk assessments provide mformatlon relevant to their decisions by

descnbmg why the nsk assessment is needed what dec151ons it ‘will mﬂuence and what they 4 '

want to receive from the risk assessor Ttis also helpful for managers to consider and -

, commumcate problems they have encountered in the past when trying to use nsk assessments for ‘

+ _decision maklng

In turn, risk assessors ensure that sc1ent1ﬁc mformatlon is effectlvely used to address

t

‘ecological and management concerns. RlSk assessors descnbe what they can provrde to the nsk

manager, where problems are likely to occur and where uncertamty may be problematrc In

addition, risk assessors may prov1de msrghts to risk managers : about alternative management

options likely to achleve stated goals because the optlons are ecologlcally grounded.

In some risk assessments mterested partres also take an active role in planmng, |

N partlcularly in goal development The Natlonal Research Council describes participation by

interested partres in risk assessment as an iterative process of “analysxs and “dehberatlon

(NRC, 1996). Interested parties may commumcate.therr concerns to risk managers about the -




| ‘ivn‘onmental anagement act1v1t1es

Where they have the ab111ty to mcrease or “

mmgate nsk to‘ eeologlcal values of concern
-that are 1dent1ﬁed, interested parties may
~become part of the risk management team
(see text box 2-1). However, involvement by

interested parties is not always needed :orm

appro‘priate It depends on the purpose of the

“risk assessment, the regulatory reqmrements .
and the charactenstlcs of the management -

partms become
dn‘ectly part101pate in plannmg

nsk assessors are\responsx‘ble for C‘?mm @ | In some cases, interested parties may provide

changes, or

Text Box 2-3. Who Are Interested
Parties? :

Interested parties (commonly called
“stakeholders™) may include Federal, State,
tribal, and municipal governments, industrial
leaders, environmental groups, small-
business owners, landowners, and other
segments of society concerned about an
environmental issue at hand or attempting to
influence risk management decisions. Their
involvement, particularly during management
goal development, may be key to successful
implementation of management plans since
implementation is more likely to occur when

-+ | backed by consensus. Large diverse groups
k managers ona team, they

may require trained facilitators and
consensus-building techniques to reach

During planning, risk maﬁaéers and " | agreement.

important information to risk assessors.

Local knowledge, particularly in rural
communities, and traditional knowledge of
native peoples can provide valuable insights -
about ecological characteristics of a place,
past conditions, and current changes. This
knowledge should be considered when

| assessing available information during

problem formulation (see section 3.2).

"| The context of involvement by interested
| parties can vary widely and may or may not

be appropriate for a particular risk
assessment. Interested parties may be limited
to providing input to goal development, or
they may become risk managers, depending
on the degree to which they can take action to

., | manage risk and the regulatory context of the

decision. When and how interested parties
influence risk assessments and risk v
management are areas of current discussion -
(NRC, 1996). See additional information in

| text box 2-1 and section 2.1.




Text Box‘2-4. Questions Addressed 'by Risk Maliagers and Rlsk Assessors N

Qoesﬁons prinﬁpallyl for risk»managerfs to answer: ;’_v ‘.

e What is the nature of the probleml and the best scale for the assessment?
: R What are the mahagement goals and decisions needed, and how w111 riskv assessment help?
. What are the ecolog‘ical)vahies (e.g., entities.and!ecosjtstem characteristics) of' cohcem? o

e  What are the policy considerations (law corporate stewardsth, societal concems,
' envuonmental justice, mtergeneratwnal eqmty)" : :

‘e What precedents are set by similar risk assessments .andapr-e\"ious decisions? :
'« Whatis the context of the assessment (e.g., industrial site, hational park)? .
1o VWhat resoltrces (e.g., personnel, time,r money) are available?

’ What tevel of uncertainty is acceptable?' . |

Questions prmclpally for nsk assessors to answer: i ) - A B
L What is the scale of the nsk assessment‘7 N |
|+ Whatare the critical ecologlcal ehdpomts and ecosystem and receptor charactenstws"
e How hkely is recovery, and how long w111 it take‘7

: . What'rs the nature of the pro_blem: past, present, future? -

» ° v‘ What is our state of krlowledge of the problem?'

,-‘ What data and data analyses are a.vailahle and appropri'ate?-

. What are the potentlal constramts (e g hrmts on expertlse time, avallablhty of methods :
and data)‘7 :

artlculated management goals, (2) charactenzatlon of dec1s1ons to be made w1thm the context of
the management goals, and (3) agreement on the scope, complexity, and focus of the risk
N assessment including the expected output and the techmcal and financial support avallable to

complete it.

13




2.2 1. Management Goals
Management goals are statements
“ ] about the des'; d condmon of “ecologlcal

alues Of COncem They may rang e ﬁ_Om )

mamtam a sustamable aquatlc commumty
(see text boxes 2-5 and 2-6) to “restore a

" wetland” or “prevent toxicity.” Management

- goals driving a specific risk assessment may

/come from the law, mterpretatlons of the law

by regulators, desired outcomes voiced by
.. community leaders and the public, and |
. ‘:mterests expre ed by aﬂ'ected partles All |

i‘“mvolve 1nput from the pubhc ‘However, the

process used tomestabhsh management goals

mﬂuences ho w well they provrde gmdance to

a risk assessment team how they foster “ h

| commumty parttcrpatlon, and whether the |

larger affected commumty wxll support . -

1mplementatlon of management demsrons to
_ achieve the goal.
A ma_;onty of Agency nsk

assessments m orporate

Text Box 2-5. Sustainability as a
Management Goal

To sustain is to keep in existence, maintain,
or prolong. Sustainability is used as a
management goal in a variety of settings (see
U.S. EPA, 1995a). Sustainability and other
concepts such as biotic or community
integrity may be very useful as guiding
principles for management goals. However,
in each case these principles should be
explicitly defined and interpreted for a place
to support a risk assessment. To do this, key
questions need to be addressed: What does
sustainability or integrity mean for the -
particular ecosystem? What must be
protected to meet sustainable goals or system

| integrity? Which ecological resources and

processes are to be sustained and why? How

| will we know we have achieved it? Answers
| to these questions serve to clarify the goals
| for a particular ecosystem. Concepts like

sustainability and integrity do not meet the

criteria for an assessment endpoint (see

section 3.3.2).

ally estabhs ed m gement goals found in enabhng legtslatlon In

the nattonal scale (e g water quahty entena,” see text box 3 17) Mandated goals may be

. mterpreted by Agency managers and staff mto a parttcular risk assessment format and then

apphed consls ntly across stressors of the same type (e g evaluatlon of new chermcals) In a

f concern (e g Superfund 51te cleanup)

s m st gulat1ons and guxdance are stated in




Text Box 2-6. Manag'emien't Goals for Waquoit Bay

A key challenge for nsk assessors when dealmg with a general management goal is interpreting the goal

for a risk assessment. This can be done by generating a set of management objectives that represent

| what must be achieved in a particular ecosystem in order for the goal to be met. An example of this
process was developed in the Waquoxt Bay watershed risk assessment (U S EPA 1996a)

Waquoxt Bayi isa small estuary’ on Cape Cod showmg signs of degradatlon, 1nclud1ng loss of eelgrass
- fish, and shellfish and an increase in macroalgae mats and fish kills. The management goal for Waquoit
‘Bay was established through pubhc meetings, preemstmg goals from local orgamzatlons and State and. .
Federal regulations r l .‘ . S
Reestabllsh and maintain water quality and habitat condltrons in Waquort
Bay and associated freshwater rivers and ponds to (1) support diverse :
- self-sustaining commercial, recreational, and native fish and shellfish
. populations and (2) reverse ongomg degradatlon of ecologrcal resources
in the watershed.

To interpret this goal for the risk assessment, it was converted intd 10 management ob_]ectlves that
- defined what must be true in the watershed for the goal to be achieved and provrde the foundation for
~management decisions. The management ob_]ectives are: v

* Reduceor ellminate hypoxic or anoxrc events

o Prevent toxxc levels of contamination in ,wa"ter, ;,sediments; and biota
. ,Restore and maintain self-sustaining native fish populations and their'habita't |

. Reestablish v1able eelgrass beds and assocrated aquatrc communities in the bay
‘. Reestabhsh a self-sustalmng scallop populatron in the bay that can support a v1able sport ﬁshery

. Protect shellﬁsh beds ﬁ'om bacterial contammation that results in closures |

* - Reduce or eliminate nursance macroalgal growth

. Prevent eutrophication of rivers‘and ponds .

-v‘ Maintain diversity of native biotic communities

*  Maintain diversity of water-dependent wildlit'e

From these objectives, erght -ecological entities and therr attnbutes in the bay were selected as

assessment endpoints (see section 3.3.2) to best represent the management goals and objectives, one of
| which is areal extent and patch size of eelgrass beds. Eelgrass was selected because (1) scallops and
other benthic organisms and juvenile finfish depend directly on eelgrass beds for survival, (2) eelgrass

is highly sensitive to excess macroalgal growth, and (3) abundant eelgrass represents a healthy bay to
human users. -




‘? of wetlands” wi provxde a asis for ris assessment e gn (se also US. EPA 1997a, for
: addmonal examples and dlSCUSSlOIl)

‘recommended the Edgeuvater Consensus “(U S, EPA 1994b) generally requlres that

" and local regul tions and ‘o constltuen oup and pubhc‘ concerns. Public meetmgs,
‘ consntuency-group meetmgs evaluatlon of resource management orgamzatlonal charters and
| ar { [ goals be necessary to reach consensus among these
cal ‘ text box 2-3) However, goals denved by
) consensus are normally general Foruse ina nsk assessment 1'1Sk assessors must 1nterpret the
goals into more specific ObjeCthCS about what must occur m a place in order for the goal to be
“achieved and identify ecologlcal values that can be measured or estlmated in the ecosystem of
" concemn (see text box 2—6)

For these n ‘ass sments‘ the mterpretatron is umque to the o
: ecosystem bemg assessed and 1s done ona caseihy-case“ bas15 as part of the planmng process o
‘?\‘LRxsk assessorsuand nskh‘ nanagers shoulm ‘ ee on the mterpretatlons
- Early discussion on and select1on of clearly estabhshed management goals prov1de nsk
" assessors with a fuller understandmg of how different risk management options under

conmderatron may result in achrevmg the goal Such mformatlon helps the risk assessor 1dent1fy

" the risk assessment derive from the type of management decislons to be made.

‘ ‘j‘2.2 2. Manag ment Optlons to Achleve Goals
" Risk managers must 1mplement declslons to achJeve management goals (see text box 2-

. These risk management dec1s1ons may establish natlonal pohcy applied consmtently across
_ the country (e.g., premanufacture notices [PMN] for new chemicals, protection of endangered A
" species) or be applied to a specific site (e.g., hazardous waste site cleanup level) or management

‘concern (e.g., number of combined sewer overflow events allowable per year) intended to
““achieve an enulronmental goal when implemented. Management decisions often begin as one of
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* them to ensuire that the risk assessment . _

se Ver,al management optl'ons 1dent1ﬁed .d@“g | Text Box 2-7. What Is the Difference
planning. Management options may range | Between a Management Goal and -
from preventing the introduction of a stressor- Management.Decision?‘ :

to restoration of affected ecolo ical values. '
€ ‘Management goals are des1red characterlstlcs

‘When several options are defined during - | of ecological values that the public wants to
' planmng fora partlcular problem (e.g., leave protect. Clean water, protection of
| endangered species, maintenance of
- ecological integrity, clear mountain views,
_ ‘ | and fishing opportunities are all possible
potential risk across the range of these' = - .| management goals. Management decisions.
management options and, in some cases, determine the means to achieve the end goal.
- | For instance, a goal may be “fishable,
| swimmable” waters. The management
~ decision makmg ‘When risk assessorsare | options under consideration to achieve that
made aware of p0551b1e options, they canuse . | goal may include increasing enforcement of-
: point-source discharges, restoring fish
, o ] T habltat, designing alternative sewage
addresses a sufficient breadth ofissues. | yreafment fac111t1es or 1mp1ementmg all of

Explicitly stated management options | the above.

_ alone, clean. up,or pave a ‘contarmnated site),
risk assessments can be used to predict

combined w1th cost-beneﬁt analyses to a.ld

provide a framework for deﬂmng the scope, ,
focus, and conduct ofa nsk assessment. Some risk assessments are spec1ﬁca11y designed t to
determme if a preestabhshed decision criterion is exceeded (e.g., see the data quallty obJectlvesﬁ
.process, U.S. EPA, 1994c, and sectlon 3.5.2 for more detalls) Decision cntena often contain
mherent assumptions about exposure, the range of possible stressors, or condltlons under which
the targeted stressor is operating. To ensure that decision options include appropriate
- assumptions and the risk assessment is des1gned to address management issues, these
~ assumptions need to be clearly stated ' '
| Dec1smn criteria are often used within a tlenng ﬁ'amework to determlne how extensxve a
~ risk assessment should be. Early screening tiers may have predetermined declslon criteria to
answer whether a potentlal risk exists. Later tiers frequently do not because the management
question changes from “yes-no’ to questlons of “what, where, and how great i is the risk > Results‘

- from these risk assessments require risk managers to evaluate risk charactenzatlon and generate a

dec1s1on perhaps through formal decision analysis (e.g., Clemen, 1996) or managers may
request an iteration of the risk assessment to address issues of contmumg concern (see text box
2-8). , : y _
' - Risk assessments de51gned to support management initiatives for a region or watershed
where multlple stressors, ecologlcal values, and political and economic factors mﬂuence decision

' makmg reqmre great ﬂex1b111ty and more complex 1terat1ve nsk assessments. They generally

~
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Text Box 2-8. Tiers and Iteration: When Is a Risk Assessment Done?

.| Risk assessments range from very simple to complex and resource demanding. How isit -
*| possible to decide the level of effort? How many times should the risk assessor revisit data .
“1 and assessment issues? When is the risk assessment done?

"| Many of these questions can be addressed by designing a set of tiered assessments. These are
-1 preplanned and prescnbed sets of risk assessments of progressive data and resource intensity.
“| The outcome of a given tier is to either make a management decision, often based on decision

+ | criteria, or continue to the next level of effort. Many risk assessors and public and private

organizations use this approach (e.g., see Gaudet, 1994; European Community, 1993; Cowan
-] et al., 1995; Baker et al., 1994; Urban and Cook, 1986; Lynch et al., 1994).

.| An iteration is an unprescribed reevaluation of mformatlon that may occur at any time dunng
“| arisk assessment, including tiered assessments. It is done in response to an identified need,
new information, or questions raised while conducting an assessment. As such, iteration is a
normal characteristic of risk assessments but is not a formal planned step.. An iteration may
include redoing the risk assessment with new assumptlons and new data.

| Setting up tiered assessments and decision criteria may reduce the need for iteration. Up-front
“| planning and careful development of problem formulation will also reduce the need for

| revisiting data, assumptions, and models. However, there are no rules to dictate how many
iterations will be necessary to answer mariagement questions or ensure scientific validity. A
risk assessment can be considered complete when risk managers have sufficient information
and confidence in the results of the risk assessment to make a decision they can defend. .

' require an examination of ecological processes most influenced by diverse human actions. Risk
- assessments used in this application are often based on a general goal statement and multiple

potentxal decxsxons These reqmre 51gmﬁcant planning to determine which array of management
decxsxons may be addressed to estabhsh the purpe ‘ ,m scope, a.nd complex1ty of the nsk o

assessment.

2.2.3 Scope and Complexlty of the Risk Assessment . ‘

‘ Although the purpos for conducting a risk assessment detenmnes whether it is natlonal

:reglonal or lecal in scope, resoutce avmlabdtty detennmes its extent, complex1ty, and the level

- of confidence in results that can be expected ‘Each risk assessment is constramed by the

‘j"‘“avallablhty of ahd data and smentlﬁc understandmg, expertlse time, and financial resources.

i;f“‘ Risk managers and nsk assessers conslder the nature of the decision (e g, national policy, local
'impact), available resources, pportunmes for i mcreasmg the resource base (e.g., partnering, new

. data collectxon alternatwe analytlcal tools) potentlal charactenstlcs of the risk assessment team,




and the output 'that will provide the best 1 Text Box 2-9. Ques tions to Ask Abou ¢

' information for the required decrslons (see Scope and Complexrty

text box 2- 9) They must often be flexible in : o e
o Is this nsk assessment mandated, required
- by a court decision, or providing
guidance to-a'community?

determining what level of effort is warranted

* for arisk assessment. The most detailed

assessment process is neither applicable nor

: ‘ . Wil dec1smns be based on assessments

" of a small area evaluated indepthora
- " large-scale area in less detail? -

effort. One approach for determining the - . R ST ' ‘

‘needed level of eﬁ'ort in the risk assessment is | * What are the spatial and temporal
: boundanes of the problem‘7

| necessary in every instance. Screening .
' assessments may be the appropriate level of

to set up tiered evaluatlons as discussed i in ‘
. section 2.2.2. Where tiers are used, specific | . What mformatlon is already avallable
descriptions of management questionsand ” 1 compared to what is needed‘7 '

decision cntena should be mcluded in the . - How much time-can b¢ taken, and how

' plan’. - : S : many Tesources are available"
Part of the agreement on scope and
_ complexrty is based on the maxirmum I What practlcahtles constrair data
‘ collectlon‘7 -
uncertamty that can be tolerated for the v _
decision the risk assessment supports. Risk . - |e Isa tlered approach an option?

assessments completed in response to legal | .
- mandates and likely to be challenged in court often require ngorous attentlon to potentlal sources
of uncertamty to help ensure that conclusions from the assessment can be defended A ﬁ‘ank

o dlscussmn is needed between the risk manager and risk assessor on the sources of uncertamty
and ways uncertainty can be reduced (if necessary or pos51ble) through selective investment of
resources. " Resource planning may account for the iterative nature of risk. assessment or include

) explicitly defined steps such as tiers that represent increasing cost and complex1ty, each tier

- ~designed to increase understandmg and reduce uncertamty Advice on addressmg the mterplay \
of management decisions, study-boundariés, data needs, uncertamty, and spec1fymg limits on - .
decision errors may be found in EPA’s guidance? on data quality obj ectives (U.s. EPA, 1994c).

2.3. PLANNIN G SUMMARY
“ The planmng phase is complete when agreements are reached on (1) the management
goals for ecolog1ca1 values, (2) the range of management optlons the risk assessment is to.
' support (3) objectives for the risk assessment, mcludmg criteria for success, (C3)] the focus and .
. scope of the' assessment and (5) resource avallablhty Agreements may encompass the techmcal




A summary can prov1de a pomt of reference for detérmrmnglf early dec1510ns need to be

o changed in response to new‘mtlgrma‘rron‘ "There is no prede‘te‘rmmm sined format, length,or
complemty fora planmng summary. Itisa useful reference orly and should be tailored to the

nsk‘assessmen t represents However, a summary w111 help ensure quahty commumcatlon

twecn nsk managers and nsk assessors and w111 document agreed-upon deC1s1ons
‘ e f D 5 C

Hf ‘nsk assessment beglns Durmg

alogne with risk managers partlcularly
‘followmg assessment endpomt selection and completlon of the analys1s plan At these pomts
‘potentxal problems can be 1dent1ﬁed before the nsk assessment proceeds




3. PROBLEM FORMULATION PHASE

Problem formulatlon is a process for  Text Box 3_1 * Avoiding Po tential

‘ generatmg and evaluatlng prehmmary | Shortcomings Through Problem »
hypotheses about why ecologlcal effects have .| F ormulatron . :

d, o fr human . e T
oceurred, or may eeur, from : The'nnportanbe of problem formulation has
-activities. It provides the foundation for the been shown repeatedly in the Agency’s ~
" entire ecologlcal risk assessment. Early in . | analysis of ecological rjsl{ assessment case
studies and in interactions with senior EPA

problem formulatlon objectives for the risk
managers and regional risk assessors (U S.

| assessment are refined. Then the nature of | EPA, 1993a,'1994d). Sho rtcomings |
" the problem is evaluated and a plan for g consistently 1dent1ﬁed in the case studies -
- analyzmg data and charactenzmg riskis ‘ include (1) absence of clearly defined goals,

(2) endpoints that are ambiguous and difficult
developed. Any deficiencies in problem to define and measure, and (3) failure to

- formulation will compromiseall SﬁbSéQUént identify important risks. These and other
work on the risk assessment (see text box 3- R shortcomings can be avoided through

1 t will depend | Tigorous development of the products of
)- The quahty of the assessment will depend problem formulation as descnbed in thlS ‘

m part on the team’ conductmg the assessment | section of the Guldelmes o

and its responslveness to the risk manager s - =
needs. ) I ’
" The makeup of the risk assessment team assembled to conduct problem formulatlon ‘
o depends on the requlrements of the risk assessment. 'Ihe team should include professionals with
' _expertise directly related to the leve] and type of problem under consideration and the ecosystem
where the problem is llkely to occur. Teams may range from one. md1v1dua1 calculatmg a simple
quotlent where the mformatlon and algonthm are clearly established to a large mterdlsc1plmary,
' mteragency team typical of ecosystem-level nsk assessments involving multtple stressors and .
ecologlcal values ) : . '
. Involvement by the risk management team and other mterested parties in problem ‘ v
* formulation can be most valuable during ﬁnal selection of assessment endpomts review of the
‘ conceptual models, and adjustments to the analys1s plan. The degree of partrc1pat10n is :
commensurate with the-complexity of the nsk assessment and the magnitude of the risk
management decision to be faced. Partxc1pat10n norrnally consxsts of approval and reﬁnement
' _rather than technical mput (but see text box 2-3)." The format used to mvolve risk managers
) needs to gain from and be respons1ve to, their input w1thout compromlsmg the smentlﬁc va11d1ty '
of the risk assessment. The level of mvolvement by mterested partles in problem formulatlon is

) determmed by nsk managers
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Problem formulation results in three products ¢)) assessment endpomts that adequately
. reﬂect management goals and the ecosystem they represent (2) 'conceptual models that describe
tween several stressors and

and conceptual models are produced depends on why the nsk assessment was nutrated (see
section 3 2) To enhance clanty, the followmg discussion is presented as a linear progressron.
However, problem formulatron is frequently mteractlve and 1terat1ve rather than lmear

The foundatron for problem formulatlon is based on how well available mformatlon on
stressor sources and charactenstrcs, exposure opportumtres characteristics of the ecosystem(s)
" potential “f‘ig‘ure 3- 1) Integratron of
i “ ughout problem o
~formulation. Initial evaluations often provide 1 is for generating preliminary conceptual
models or assessment endpoints, which in turn may lead risk assessors to seek other types of
avallable mformatlon not prevrously recogmzed asneeded. |

‘ " The quahty and quantrty of mformatlon determine the course of problem formulatlon - |
. When key mformatlon is of the appropnate type and sufﬁcrent quahty and quantrty, problem o

o basxs of what is known and what can be extrapolated from what is known RlSk assessments are
- ﬁ*equently beg w1thout all needed mformatlon, in whrch case the problem formulatron process

artxculated in nsk charactenzatlon (see text box 3-2)
RIS W

tus for an ecologlcal nsk ass nt‘mﬂu nce what mformatlon is avallable at

‘“ansk assessment can be |
“initiated because a known or potent1a1 str sor may enter the envrronment R1sk assessors
evaluatmg a source or stressor will seek data on the effects with wh1ch the stressor rmght be
“ “ assocrated and the ecosystems m whrch 1t wrll 11ke1y be mtroduced or found If an observed

2
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Figure 3-1. Problem formulation phase.

~ adverse eﬁ'ect or change in ecologlcal condltlon initiates the assessment nsk assessors will seek
mforma’uon about potent1a1 stressors and sources that could have caused the eﬁ'ect When a nsk
‘assessment is initiated because ofa desxre to s

better manage an ecologlcal value or entlty

(e.g., species, communities, ecosystems, or Text Box 3-2. Uncertamty in Problem

S Formulatlon S -
. places), risk assessors will seek information . . ‘ . R
on the specific condition or effeei of interest, | Throughout problem formulation, risk

the characteristics of relevant ecosystems, and | assessors consider what is known and not
b - | known about a problem and its setting.” Each

“product of problem formulation contains -
3-3). I ‘ uncertainty. The explicit treatment of ,
', Information (actual, inferred, or- | uncertainty during problem formulation is

' particularly important because it will have

- | repercussions throughout the remainder of-
process that provides the foundation for - the assessment. Uneertainty is discussed in
developmg problem formulauon. Knowledge section 3.4 (Conceptual Models).

potential stressors and sources (see text box-

estimated) is initially integrated in a scoping -

23




: Text Box 3-3. Imtlatmg a Risk Assessment: What’s Different When Stressors, Effects, .
°| or Values Drive the Process?

‘]};}‘ The reasons for initiating a risk assessment influence when risk assessors generate products in

“| problem formulation. When the assessment is initiated because of concerns -about stressors,

‘| risk assessors use what is known about the stressor and its source to focus the assessment.

" %] Objectives for the assessment are based on determining how the stressor is likely to come in.

‘| contact with and affect possible receptors. This information forms the basis for developing

.| conceptual models and selecting assessment endpoints. When an observed effect is the basis-

| for initiating the assessment, endpoints are normally established first. Frequently, the affected

#| ecological entities and their response form the basis for defining assessment endpoints. Goals
#| for protecting the assessment endpoints are then established, which support the development

-1 of conceptual models. The models aid in the identification of the most likely stressor(s)

| Value-initiated risk assessments are driven by goals for the ecologlcal values of concern.

' | These values might involve ecological entities such as species, communities, ecosystems, or

-| places. Based on these goals, assessment endpoints are selected first to serve as an

. _| interpretation of the goals. Once selected, the endpoints provide the basis for identifying an

_ 3| array of stressors that may be influencing the assessment endpoints and describing the

“{ diversity of potential effects. This mformatron is then captured in the conceptual model(s).

L. gamed dunng scopmg is used to 1dent1fy mlssmg mforma on and potent1a1 assessment

“endpoints, and it provides the basis for early conceptuahzatlon of the problem being assessed.

. As problem formulation proceeds, information quahty and apphcablhty to the partlcular problem
~of concern are increasingly scrutinized. Where appropriate, further iterations may result in a
iicomprehensrve evaluation that helps nsk assessors generate an array of nsk hypotheses (see
“séction 3.4. 1. Once analysxs plans are bemg formed data va11d1ty becomes a srgmﬁcant factor

- for risk assessors to evaluate (see section 4.1 for a discussion of assessrng data quahty) Thus an

valuatxon of av"allablewmformatlon rs an ongomg act1v1ty throughout problem formulatron The

- level of effort is driven by the type of assessment. ,
© o Asthe complexrty and spatlal scale of arisk assessment mcrease information needs often
-escalate, Risk assessors consider the ways ecosystem characteristics dueetly influence when,
how, and why partrcular ecologlcal entities may become exposed and exhibit adverse effects due
“to particular stressors. Predicting risks from multiple chemical, physrcal and biological stressors
requires an effort to understand their interactions. Risk assessments for a reglon or watershed,
-where multiple stressors are the rule, require consideration of ecological processes opérating at
-larger spatial scales. | | o
Desplte our limited knowledge of ecosystems and the stressors mﬂuencmg them, the

‘ ‘process of problem formulatron offers a systematic approach for orgamzmg and evaluating




available mformatlon on stressors and pos51ble effects.. It can function asa prelumnary risk
assessment that is useful to risk assessors and dec1s1on makers “Text box 3-4 prov1des a series of
questions that risk assessors should attempt to answer. This exefcise will help risk assessors
identify known and unknown relationships, both of which are important in problem formulation.

~ Problem formulation proceeds with the identification of assessment endpomts and the ‘
development of conceptual models and an analysrs plan (discussed below) Early recogmtlon
that the reasons for initiating the risk assessment affect the order in which products are generated.
will help faclhtate the development of problem formulatlon (see text box 3-3).

33. SELECTIN G ASSESSMENT ENDPOINTS v
Assessment endpomts are exphclt expressmns of the: actual envrronmental value that is to

" be protected operationally defined by an ecological entity and its attrlbutes (see section 3.3.2).

- Assessment endpoints are cntlcal to problem formulation because they structure the assessment

- to address management concerns and are central to conceptual model development. Their -

relevance is determined by how well they target susceptible ecological entities. Their ablhty to
support risk management decisions depends on whether they are measurable ecosystem
characteristics that adequately represent management goals. The selection of ecologlcal concerns
_ and assessment endpoints at EPA has tradltlonally been done mtemally by individual Agency ‘
| ‘ program offices (U.S. EPA, 1994a). More recently, interested and affected parties have helped
" identify management concerns andias'sessment 'endpoints in efforts to implement watershed or
. community-based envrronmental protectron | ’ - ' - ;
‘This section provides gmdance on selectmg and deﬁnmg assessment endpomts Itis
presented in two parts. Section 3.3.1 establishes three criteria (ecological relevance, V
| susceptibility, andvrelevance to-management goals) for determining how to select, among a broad
- array of poss1b111t1es the specific ecological characteristics to target in the risk assessment that
are responsive to general management goals and are scientifically defensible. Sectlon 3.3.2 then |
provides specific guidance on how to convert selected ecological charactenstrcs into '
. operatlonally defined assessment endpomts that mclude both a defined entity and speclﬁc
)' attnbutes amenable to measurement. ’ ‘

3.3.1. Criteria for Selection » :
All ecosystems are di'verse,]w,ith many levels of ecological organiiation (e.g.,‘ individuals, o

populations, communities, ecosystems, landscapes) and multiple ecosystem processes. It is’ |

rarely clear which of these charactenstlcs are most critical to -ecosystem function, nor do

N professmnals or the pubhc always agree on whlch are most valuable Asa result 1t isoftena
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Text Box 3-4. Assessing Available Information: Questions to Ask Concerning Source,
Stressor, and Exposure Characteristics, Ecosystem Characteristics, and Effects (derived
in part from Barnthouse and Brown, 1994) .

 Source and Stressor Characteristics

« What is the source? Is it anthropogenic, natural, point source, or diffuse nonpoint? .

» What type of stressor is it: chemical, physical, or biological?

« What is the intensity of the stressor (e.g., the dose or concentration of a chem1ca1 the magnitude or extent of
physical disruption, the density or population size of a biological stressor)?

« What is the mode of action? How does the stressor act on organisms or ecosystem functions?

h Exposure Characteristics

| « With what frequency does a stressor event occur (e.g., is it isolated, eplsodlc, or continuous; is it subject to

natural daily, seasonal, or annual periodicity)?

» What is its duration? How long does it persist in the environment (e.g., fpr chemical, what is its half-life, does
it bioaccumulate; for physical, is habitat alteration sufficient to prevent recovery; for biological, will it
reproduce and proliferate)?

* What is the timing of exposure? When does it occur in relation to critical orgamsm hfe cycles or ecosystem
events (e.g., reproduction, lake overturn)?

+ What is the spatial scale of exposure? Is the extent or influence of the stressor local, reglonal global, habitat-
specific, or ecosystemwide? ‘

| » What is the distribution? How does the stressor move through the environment (e.g., for chemical, fate and
transport; for physical, movement of physical structures; for biological, life-history dispersal characteristics)?

k Ecosystems Potentially at Risk

» What are the geographic boundaries? How do they relate to functional characterlstlcs of the ecosystem?

« What are the key abiotic factors influencing the ecosystem (e.g., climatic factors, geology, hydrology, soil
type, water quality)?

» Where and how are functional characteristics driving the ecosystem (e.g., energy source and processmg,
nutrient cycling)? .

What are the structural characteristics of the ecosystem (e.g., species number and abundance, trophic
relationships)?

‘What habitat types are present?

How do these characteristics influence the susceptiblhty (sensmwty and hkellhood of exposure) of the
ecosystem to the stressox(s)?

» Are there unique features that are particularly valued (e.g., the las representative of an ecosystem type)? -
+ What is the landscape context:thhm which the ecosystem occurs? '
Ecological Effects

 What are the type and extent of available ecological effects information (e.g., field surveys, laboratory tests, or
structure-activity relationships)?

« Given the nature of the stressor (if known), which effects. are expected to be elicited by the stressor?

¢ Under what circumstances will effects occur?




challenge to consider the array of possibilities and choose which ecological characteristics to

protect to meet management goals Those choices are critical, hovvever 'because they become the

basis for defining assessment endpoints, the transition between broad management goals and the

spemﬁc measures used in a risk assessment :
‘Three principal criteria areusedto
select ecological values that may be
appropriate for assessment endpomts (l)
ecological relevance, (2) susceptibility to
known or potential stressors, and (3)
relevance to management goals. Of these,
ecological relevance and susceptibility are

essential for 'selecting assessmentendpoints ‘

that are sc1ent1ﬁcally defensxble However to

' mcrease the hkellhood that the nsk ,
assessment will be used in management
decisions, assessment endpoints are more
effective when they also reflect societal
values and management goals. Given the
" complex functioning of ecosystems and the
interdependence of ecologlcal entltles itis
likely that potentlal assessment endpomts can
be identified that are both responsiveto .
:management goals and meet scientific o

' criteria. Assessment endpomts that meet all

" three criteria provide the best foundatlon for

an effectlve risk assessment (e.g., see text box
3-5).. ’

‘ 3.3.14. VE(A:ological Relevance

" Ecologically relevant endpoints reﬂect

irnportant characteristics of the system and
are functionally related to other endpoints '
(U.S. EPA, 1992a) Ecologically relevant .

7 -| Salmon as the Basis for an Assessment
| Endpoint -

| such as salmon spawn. Assessment endpoints

‘appropriate choice because they meet the
criteria for good assessment endpoints.
-Salmon fry and adults are important food

| Salmon are sensitive to changes in ,
-sedimentation and substrate pebble size,

difficulty climbing fish ladders. Hydroelectric
large commercial fishery, some specles are -
- Americans (relevance to management goals). -

‘recruitment” is a good assessment endpoint for ,

| rarely provide the basis for a risk assessment of

Text Box 3-S5. Salmon and Hydropower.

A hydroelectric dam is to be built on a river. in
the Pacific Northwest where anadromous fish

should be selected to assess potential-
€cological risk. Of the anadromous fish,
salmon that spawn in the river are an

sources for a multitude of aquatic and
terrestrial species and are major predators of
aquatic invertebrates (ecological relevance),

reqnire quality cold-water habitats, and have

dams represent significant, and normally fatal,
habitat alteration and physical obstacles to
successful salmon breeding and fry survival
(susceptibility). Finally, salmon support a

endangered, and they have ceremonial
1mportance and are key food sources for Native

“Salmon reproduction and populatlon :

this risk assessment. In addition, if salmon
populations are protected, other anadromous
fish populations are likely to be protected as’ .
well. However, one assessment endpoint can

complex ecosystems. These are better .
represented by a set of- assessment endpoints.

: 'endpomts may be identified at any level of orgamzatron (e g, 1nd1v1dual populatron community,

ecosystem landscape) The consequences of changes in these endpomts may be quantlﬁed (e g .
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es) or mferred (e g., surv1val

of md1v1duals is needed to mamtam populatrons) Ecologrcal entities are not ecologically

' relevant unless ey are currently,‘vor were lnstoncally, part of the ecosystem under consideration.

Ecologically relevant endpomts often help sustain the natural structure, function, and
- biodiversity of an ecosystem or its components. They may contnbute to the food base (e.g.,

primary production), prov1de habitat (e.g., for food or reproductlon), promote regeneration of

cntlcal resources (e g decomposrtron or nutnent cyclmg) or reﬂect the structure of the

‘ig‘:jcommumty, ec ystem, or

scape (e g specres d1vers1ty or habltat mosalc) In landscape~

| selection of assessment endpomts that address both species of

“oncern and lan scape-level ecosystem processes becomes 1mportant It may be possibleto

‘ select one or more specres and an ecosystem process to represent larger ﬁ.mctlonal commumty or

ecosystem processes

Ecologrcal relevance islinkedtothe [
“ effects the -
‘spatlal and temporal scales where effects may |

“hature and inte

| ‘jqecur,‘and the potential for recovery (see a o
" “Determining Ecological Adversity, section =~

.5.2.2). Itis also linked to the level of
ecological organization that could be

- defining assessment endpoints). When

" changes in selected ecosystem entities are
likely to cause multiple or widespread effects,

“such entities can be powerful components of

- assessment endpoints. They are particularly
_valuable when risk assessors are trying to

" identify the potential cascade of adverse o
ﬂeﬁ'ects that could result from Mloss or reductron“ h

of a specres or a change in ecosystem o

hftmctxon (see fext box 3-6). Althougha =~

Text Box 3-6. Cascading Adverse Effects:
Primary (Direct) and Secondary (Indirect)

The interrelationships among entities and
processes in ecosystems foster a potential for
cascading effects: as one population, species,
process, or other entity in the ecosystem is
altered, other entities are affected as well.

| Primary, or direct, effects occur when a

stressor acts directly on the assessment

| endpoint and causes an adverse response.

Secondary, or indirect, effects occur when the
entity’s response becomes a stressor to
another entity. Secondary effects are often a
series of effects among a diversity of
organisms and processes that cascade through

| the ecosystem. For example, application of

an herbicide on a wet meadow results in .
direct toxicity to plants. Death of the wetland
plants leads to secondary effects such as loss
of feeding habitat for ducks, breeding habitat
for red-winged blackbirds, alteration of
wetland hydrology that changes spawning
habitat for fish, and so forth.

“to‘pre ct‘the nature of all potential

:effects Determmmg ecologrcal relevance in specrﬁc cases requlres profess1ona1 judgment based '

on site-specific information, preliminary surveys, or other available information.




3.3.1.2. Suscepttbtltty to Known or Potentml Stressors '

Ecological resources are considered -
susceptlble when they are sensmve toa,
stressor to which they are, or may be,

' ‘exposed Suscept1b111ty can often be:

' 1dent1ﬁed early in problem formulatlon but
v not always. Rlsk. assessors may be requlred
- to use their best profess1ona1 _]udgment to

select the most likely candidates (see text box

: 3, S “

_ Sensitivity refers to how readily an
ecologlcal entlty is affected bya partlcular

" stressor. Sens1t1v1ty is directly related to the

‘mode of actlon of the stressors (e g., chemical

’ sen31t1v1ty is mﬂuenced by individual .
physmlogy and metabohc pathways).
Sensitivity is also influenced by md1v1dua1

and community life-history characteristics.
For example stream species assemblages that
depend on cobble and gravel habitat for

- reproductlon are sensitive to fine sedlments

. that fill in spaces between cobbles Specles
w1th long life cycles and low reproductlve

. from increases in mortahty than specres w1th
short life cycles and high reproductlve rates.

» Specles with large home ranges may- ‘be more. -

potential stressors in the system can be

"Text Box 3-7. Identxfymg Susceptlblllty

Often it is possxble to identify ecolog1ca1
entities most likely to be susceptible to a -
stressor. However, in some cases where
stressors are not known at the initiation of a
risk assessment, or specific effects have not
been identified, the most susceptible entities

‘may not be known.” Where this occurs,
‘professional judgment may be required to
| make initial selections of potential endpoints. |-

Once done, available information on

evaluated to determine which of the

| endpoints are most likely susceptlble to

identified stressors. ‘If an assessment
endpoint is selected for a risk assessment that
directly supports management goals and is

ultimately found not susceptible to stressors

in the system, then a conclusion of no risk is
appropriate. However, where there are
multiple possible assessment endpoints that

| address management goals and-only somie of

those are susceptible to a stressor, the

| susceptible endpoints should be selected. If - |

the susceptible endpomts are not initially

- 1 selected for an assessment, an additional
rates are often more vulnerable to extmctlon '

iteration of the risk assessment with
alternative assessment endpoints may be
needed to determme risk. '

_ sensitive to habitat ﬁ'agmentatxon when the fragment is smaller than their requlred home range

compared to species with smaller home ranges that are encompassed w1thm a fragment.

However, habitat fragmentation may also affect species with small home ranges where rmgratlon .

is a necessary part of thelr life hlstory and fragmentahon prevents m:lgratlon and genetic

- exchange among subpopulatlons Such life-history charactenstlcs are unportant to con51der ‘

when evaluating potential sensitivity.

Sensmwty can be related to the hfe stage of an orgamsm when exposed toa stressor

Frequently, young ammals are more sensmve to. stressors than adults. ‘For mstance Paclﬁc




be smothered H .ﬁkge—dependent wse‘nsmvrty, however, is not only in the young In many specles |
by . \lll ‘\\H‘ | .t
Vents hke mlgranon (e g, In birds) and molting (e.g., in harbor seals)‘ represent s1gmﬁcant |

le the presence of i insect |
‘ ozone (Heck 1993) To S
determmeho v sensitivity at a particular life stag is critical to | opulatlon parameters or
commumty-level assessment endpomts may requue further evaluatlon '
Measures of sensmv1ty may mclude mortahty or adverse reproductlve effects from
| exposure to toxics. Other possible measures of sensmv1ty mclude behavroral abnormahtles,
_avoidance of significant food sources and nestmg sites; loss of offspnng to predatlon because of
 the proxumty of stressors such as noise, habrtat alteration, or loss; commumty structural changes;
“or other factors.
- Exposure is the second key determmant in susceptibility. Exposure can mean co-
_occurrence, contact, or the.absence of contact, depending on the stressor and assessment
_endpoint. Questions concerning where a stressor originates, how it moves through the
.-environment, and how it comes in ‘contact wrth the assessment endpomt are evaluated to
- determine susc publhty (see sectlon 4 2 £ more dlscussmn on charactenzmg exposure) The
amount and co; tions of exp ] glcal entlty will respond toa
* stressor. Thus, to determme wlnch entltles are susceptxble 1t is unportant that the assessor
consrder the prox1m1ty of an ecologlcal value to stressors of concern the tnmng of exposure '
('both in terms ; ﬁequency and dura ic n), and the mtensrty of exposure occumng dunng |
“'sensitive periods. R |
Adverse effects of a particular stressor may be lmportant durmg one part of an orgamsm s

lrfe cycle such as early development or reproductlon They may result from exposure toa
“are unable to find sultable nesting sites durmg their reproductwe phase risk is 51gmﬁcant even

: when water qual'ty is hrgh and“ food sources abundant 'I'he mterplay between lrfe stage and

place or tune.
“suscepnblhty

exposures add”complexrty to evaluatlons of susceptlblhty (e g, although tox1c1ty tests may




determine receptor sen51t1v1ty to one stressor _

- susceptlblhty may depend ontheco-.
" occurrence of another stressor that
s1gmﬁcantly alters receptor response). '

Conceptual models (see section 3.4) need to E

reflect these factors. If a'species or other

~ ecological entity is imlikely to be directly or
indirectly exposed to the stressor of concern,
or to the secondary effects of stressor '
exposure, it may be i mappropnate as an

_assessment endpointl(see text box 3-7).

'3.3.1.3. Relevance to Management Goals
Ultimately, the eﬁ'ectivenessvof arisk

, | assessment depends on whether it is used and -

improves the quality of management .

decrslons Risk managers are more willing to J

‘use a risk assessment for making decisions
~ when it 1s based on ecological values that

Text Box 3-8. Sensitivity and Secondary
Effects: The Mussel-Fish Connection -

| Native freshwater mussels are endangered in .

many streams. Management efforts have
focused on maintaining suitable habitat for
mussels because habitat loss has been
considered the greatest threat to this group.

-| However, larval unionid mussels must attach

to the gills of a fish host for one month

' dunng development. Each species of mussel

must attach to a particular host species of

| fish. In situations where the fish commumty

has been changed, perhaps due to stressors to

{ which mussels are insensitive, the host fish
may no longer be available. Mussel larvae

will die before reaching maturity as a result.

'| Regardless of how well managers restore .
{ mussel habitat, mussels will be lost from this .

system unless the fish community is restored.
In this case, risk is caused by the absence of
exposure to a critical resource:

" people care about. Thus, candldates for assessment endpomts mclude endangered specres or

ecosystems, commercrally or recreationally unportant specres funcnonal attributes that support

- food sources or flood control (e.g., wetland water sequestration), aesthetlc values such as clean

- airin natlonal parks, or the exrstence of chansmatlc species such as eagles or whales However

selection of assessment endpoints based on pubhc perceptlons alone could lead to management

decisions that do not consider i important ecological information. ‘While responsrveness to the ’

. pubhc is 1mportant it does not obviate the requirement for sc1ent1ﬁc vahdlty

.The challenge isto find ecologlcal values that meet the necessary scientific ngor as

.assessment endpomts that are also recogmzed as valuable by risk managers and the pubhc As -

- an illustration, suppose an assessment 1s desrgned to evaluate the risk of applymg pestrcrde

around a lake to control insects. At this lake however, mldges are susceptlble to the pesticide

and form the base ofa complex food web that supports | a native fish population popular with

sportsmen Whrle both midges and fish represent key components of the aquatlc community,

selecting the ﬁshery as the value for defining the assessment endpoint targets both ecologlcal and

commumty concerns. Selectmg midges would not. The risk assessment can then charactenze

~ the risk to the fishery if the midge ‘populat‘vlon‘ is adversely affected This choice mamtams the




‘scientific validity of the nsk assessment while bemg responswe to management concerns. In
those cases where a critical assessment endpomt is identified that i is unpopular with the publlc
the risk assessor may find it necessary to present a persuaswe case in its favor to nsk managers
based on scientific arguments . .
. Practical issues may influence what values are selected as potential assessment endpoints,
such as what is required by statute (e.g., endangered species) or whether it is possible to achieve -
- ;a particular management goal. For example, in a river already 1mpounded throughout its reach
by le dan g s | li -llvmg anadromous salmon
may be feasrb or y 1f dams will not be considered, selectron of other
cological values as potent1a1 endpomts in thxs h1ghly “modlﬁed system may be the only optron
Another concem may be whether itis possrble to dlrectly measure important vanables Where 1t
e 1s p0551ble to d1rect1y measure attnbutes of anw assessment endpomt, extrapolat10n is unnecessary,
' thus preventlng the introduction of a source of ‘u‘ncertamty Assessment endpoints that cannot be
measured directly but can be represented by measures that are easily monitored and modeled
“may still provide a good foundation for a risk assessment. However whlle estabhshed |
measurement ‘ ocols‘ are ¢ nveme and useful, they do not d ermme whether an assessment
endpomt is appropnate Data avarlablhty alone is not an adequate criterion for selection.
- To ensure scientific validity, risk assessors are responsrble for selectmg and defining
ats i ystem of concern. RlSk
‘mal selectron

vical va :  potential assessn t endpomts they need to be
operauonally e ed. “Two [ ements are requlred to de ine an a assessment endpomt The first i 1s “
“the rdentrﬁcatron of the specific valued ecologlcal entity. This can be a species (e. g eelgrass
- piping plover), a ﬁmctmnal group of specles (e g plSClVOI'eS), a commumty (e g benthic
mvertebrates), an ecosystem (e g lake), a spec1ﬁc valued habltat (e g., wet meadows) a unique
The second isthe
at is 1m‘portant‘ 0 pr pro ect and potentlally at risk. ‘
Thus, it is necessary to define what is nnportant for piping plovers (e.g., nesting and feedlng
conditions), a lake (e.g., nutrient cycling), or wet meadow (e.g., endemic plant commumty ,
diversity). For an assessment endpoint to serve as a clear 1nterpretatlon of the management goals
and the basis for measurement in the risk assessment, both an entity and an attribute are required.
What distinguishes assessment endpoints from management goals is their neutrahty and

specificity. Assessment endpoints do not represent a desired achJevement (i.e., goal). As such,




they do not ¢ontain words like “protect,” “maintain,” or “restore'.",”' or indicate a direction for
 change such as “loss” or “increase.” Instead they are ecological values defined by specific
entities and their measurable attributes', 'providing a framework for measuring stress-response -
: relatlonshrps When ‘goals are very broad it may be drfﬁcult to select appropnate assessment
: endpomts until the goal is broken down into multlple management objectives. A senes of .
management objectives can clarify the mherent assumptions within the goal and help arisk _'
assessor determine which ecologlcal entities and attributes best represent each objective (see text
box 2-6). From this, multiple assessment endpoints may be selected. See text box 3-9 for )
'exarnples of management goals and assessment endpomts - ‘

Assessment endpomts may or may not be dlstmgulshable from measures, dependmg on’
‘the assessment endpoints selected and the type of measures. While it is the entlty that influences

the scale and character of arisk assessment, it is the attrrbutes ofan assessment endpomt that

- determme what to measure Sometlmes d1rect measures of effect can be collected on the

attribute of concem Where this occurs, the assessment endpomt and measure of effect are the.

A same and no extrapolation is necessary (e.g., if the assessment endpoint i is “reproductive success

" of blue jays,’i egg production and ﬂedgling'success‘ could potential.ly:be directly measured under -
drfferent stressor exposure scenanos) In other cases, drrect measures may not be possible (e g “

“toxicity in endangered specres) and surrogate measures of effect must be selected. ‘Thus, |

although assessment endpomts must be deﬁned in terms of measurable attnbutes, selectlon does
not depend on the ability to measure those attributes dn'ectly or on whether methods, models, and

_data are currently available. For practrcal reasons, it may be helpful to use assessment endpomts |
that have well-developed test methods field measurement techniques, and predictive models (see v
Suter, 1993a). However, it is not necessary for methods to be standardlzed protocols nor should

" assessment endpomts be selected simply because standardlzed protocols are readily available.
The appropnate measures to use are generally 1dent1ﬁed | during conceptual model development
and specrﬁed in the analys1s plan. Measures of ecosystem characteristics and. exposure are
determined by the entlty and attnbutes selected and serve as 1mportant information in conceptual
model development See section 3. 5.1 fori issues surrounding the selectron of measures.

| Clearly defined assessment endpomts prov1de direction and boundanes for the nsk
assessment and can minimize miscommunication and reduce uncertamty, where they are poorly
defined, mappropnate or at the incorrect scale, they can be very problematlc Endpomts may be
too broad, vague, or narrow, or they may be mappropnate for the ecosystem requmng protection.
“Ecological integrity” 1s a frequently cited but vague goal and is too vague for an assessment

- endpoint. “Integrity can only be used effectively when its meaning is'explicitly characterized '

fora particular ecosystem, habitat, or entity.i This may be doneby selecting key‘_ entities or
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Text Box 3-9. Examples of Management Goals and AsSesgment Endpoints |

Case Regulatory context/management goal Assessment endpoint
Assessing Risks of Protect “the environment” from “an unreasonable Survival, growth, and
New Chemical Under risk of injury” (TSCA §2[b][1] and [2]); protect reproduction of fish,
Toxic Substances the aquatic environment. Goal was to exceed a aquatic invertebrates,
Control Act (Lynch et concentration of concern on no more than 20 days  and algae
al,, 1994) a year. :
Special Review of Prevent . . . “unreasonable adverse effects on the Individual bird survival
Granular Carbofuran environment” (FIFRA §§3[c][5] and 3[c][6]);
Based on Adverse using cost-benefit considerations. Goal was to
Effects on Birds have no regularly repeated bird kills.
(Houscknecht, 1993)
Modeling Future National Environmental Policy Act may apply to (1) Forest community
Losses of Bottomland environmental impact of new levee construction; structure and habitat
Forest Wetlands also Clean Water Act §404. . ‘ value to wildlife species
(Brody et al., 1993) (2) Species composition
of wildlife community
Pest Risk Assessment Assessment was done to help provide a basis for Survival and growth of
on Importation of Logs  any necessary regulation of the importation of tree species in the
From Chile (USDA, timber and timber products into the United States. ~ western United States
1993)
Baird and McGuire Protection of the environment (CERCLA/SARA). (1) Survival of soil
Superfund Site invertebrates
(terrestrial component); (2) Survival and
(Burmaster et al., 1991;. . reproduction of song
Callahan et al., 1991; birds
Menzie et al., 1992) |
Wagquoit Bay Estuary Clean Water Act—wetlands protection; water (1) Estuarine eelgrass
Watershed Risk quality criteria—pesticides; endangered species. habitat abundance and -
Assessment (U.S. EPA, National Estuarine Research Reserve, distribution .
1996a) - Massachusetts, Area of Critical Environmental (2) Estuarine fish
Concern. Goal was to reestablish and maintain species diversity and
water quality and habitat conditions to support abundance
diverse self-sustaining commercial, recreational, (3) Freshwater pond

and native fish, water-dependent wildlife, and
shellfish and to reverse ongoing degradation.

I

benthic invertebrate
species diversity and
abundance




processes for an ecosystem and descrlbmg attnbutes that best represent mtegnty for that system
“Assessment endpoints that are. too narrowly defined may not support effective nsk management
If an assessment is focused only on protectmg the habitat of an endangered species, for example,’
~ the risk assessment may overlook other equally nnportant charactenstlcs of the ecosystem and ‘
fail to mclude cntlcal variables (sée text box 3- 8). F mally, the assessment endpomt could fail to -
represent the ecosystem at risk. For instance, selecting a game fish that grows well in reservoirs ‘
may meet a “ﬁshable ma.nagement goal, but 1t would be inappropriate for evaluatmg risk from a
new hydroelectnc dam if the ecosystem of concern is a stream in which salmon spawn (see text '
box 3-5). Although the game fish will: satisfy “ﬁshable” goals and may be highly desired by
local fishermen, a reservoir species does not represent the ecosystem at risk. Substltutmg
reproducmg populatlons of mdlgenous salmonids” fora vague “viable fish populatlons
, assessment endpoint could therefore prevent the development of an mappropnate nsk ‘
" assessment. . - ‘ . v o
| - When well selected, assessment endpoints become poWerful tools in the risk assessment
* ‘process. One endpoint that is sensitive to many of the identified stressors, yet responds in - ,
different ways fo different stressors, may provide an opportumty to consider the combined effects
of multlple stressors while Stlll d1stmgu1shmg their effects. For example fish populat1on '
recruitment may be adversely affected at several life stages, in dlfferent habltats, through
‘ dlfferent ways, and by dlfferent stressors. Therefore measures of eﬁ’ect exposure, and
ecosystem and receptor charactenstlcs could be chosen to evaluate recruitment and prov1de a
basis for dlstmgmshmg different stressors, individual effects and their combined effects.
) The assessment endpoint can provide a bas1s for ‘comparing a range of stressors if
carefully selected. The National Crop Loss Assessment Network (Heck 1993) selected crop.
'yields as the assessment endpoint to evaluate the cumulative effects of multiple stressors.
' ':Although the primary stressor was ozone, the crop-yreld endpomt also allowed the risk assessors
' )_to con51der the effects of sulfur dloxrde and soil moisture. As Barnthouse et al. (1990) pomted
out, an endpomt should be selected so that all the effects can be expressed in the same units (e.g.,
changes in the abundance of l-year-old fish from exposure to tox1c1ty, fishing pressure, and
“habitat loss) This is especlally true when selectmg assessment endpomts for multiple stressors.
However, in s1tuat10ns where multiple stressors act on the structure and function of aquatlc and
:. ‘ terrestnal commumtxes ina watershed an array of assessment endpomts that represent the
- community and associated ecologlcal processes is more effective than a single endpoint. When

" based on dlffermg susceptibility to an array of stressors,’ carefully selected assessment endpomts

‘can help nsk assessors dlstmgmsh the effects of dlverse stressors Exposure to multlple stressors
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- .| Text Box 3-10. Common‘Problems in

Understandmg Ofthe Charactenstlcsm and Pl
“function of an ecosystem are lmPOrtant for e

translatmg general goals into usable

- assessment endpoints. The less information”

available, the more critical it is to have

‘i‘nfo“rmed professionals help in the selection.
‘Common problems encountered in selecting
assessment endpoints are summarized in text
box 3-10.

.- Final assessment endpoint selection is

- ian xmportant risk manager-nsk assessor |
checkpomt dunng problem formulatlon ihsk }
#ssessors and nsk managers should agree that |
selected assessment endpomts effectlvely

‘ present the m agemen
the sc:enuﬁc ra onale for

ould be mads explicit in herik o y

g
assessment.

3 4. CONCEPTUAL MODELSH e

| Aconc&ptual model mp‘n‘,blem

“‘representanon of predlcted rela’aonshxps
between ecological entities and the stressors
to which they may be exposed. Conceptual
models represent many relationships. They
may mclude ecosystem proeesses that

mﬂuence Teceptor responses or exposure

Selecting Assessment Endpoints

| =« Endpoint is a goal (e..'g., maintain and

restore endemic populations)

Endpoint is vague (e.g., estuarine integrity
instead of eelgrass abundance and
distribution) :

Ecological entity is better as a measure
(e.g., emergence of midges can be used to
evaluate an assessment endpomt for ﬁsh
feeding behavior)

Ecological entity may not be as sensitive
to the stressor (e.g., catfish versus salmon
for sedimentation)

Ecological entity is not exposed to the
stressor (e.g., using insectivorous birds for
avian risk of pesticide application to
seeds) '

'Ecological entities are irrelevant to the
assessment (e.g., lake fish in salmon
stream)

Importance of a species or attributes of an
ecosystem are not fully considered (e.g.,
mussel-fish connection, see Text Box 3-8).

Attribute is not sufficiently sensitive for
detecting important effects (e.g., survival

" compared-with recruitment for endangered
species)

scenanos that quahtatlvely hnk landuse B

activities to SIressors. They m  y descnbe nm

(see section 4.2) or ‘co-occurr ce among

, S ondary and tertlal'y eXPOS“re pathwayS o

eco oglcal effects, and ecologlcal |

' “"receptors. Mulhple conceptual models may be generated to address several issuesina glven risk




 assessment. Some of the benefits gained by ' Text Box 3-11. What Are the Benefits of -

developing conceptual models are featured m Developmg Conceptual Models"
text box 3-11. ' ' B

- Conceptual models for ecolog1ca1 risk * The process Of creatmg a concep tual

. ‘modelis a powerful leammg tool
assessments are developed from mformanon , S -

about stressors, potential exposure, and - - E Conceptual models are easﬂy modified as

predicted effects on an ecologlcal entity (the - knowledge increases.

assessment endpoint). Depending on Whya | . Conceptual models highlight what is
risk assessment is initiated, one or more of . known and not known and can be used to
these categones of mformatlon are known at | plan future work.

. the outset (refer to section 3 2 and textbox 3- | Concepfual models. canbe a povve ful

3). The process of creating conceptual communication tool. They provide an
models helps identify the unknown elements ' “explicit expression of the assumptions and-

- understanding of a system for othersto

The complexity of the conceptual - , evaluate

. model depends on the complexity of the

problem: the number of stressors, number of B _Conceptual models ptovide aﬁaniework\
for prediction and are the template for -

assessment endpoints, ‘nature of effects, and
generatmg more nsk hypotheses.

: charactenstlcs of the ecosystem. For smgle

stressors and smgle assessment endpoints,
conceptual models may be simple.. In some cases, the same bas1c conceptual model may be used
. repeatedly (e.g., in EPA’s new chemical risk assessments). However when conceptual models
are used to describe pathways of individual stressors and assessment endpoints and the
. interaction of multiple and diverse stressors and assessment endpoints (e.g., assessments 1mt1ated
" to protect ecological values), more complex models and several submodels will often be needed.
In this ¢ase, it can be helpful to create models that also represent expected ecosystem
charactenstlcs and function when stressors are not present.
Conceptual models consist of two pnnclpal componentsi |

. A set of nsk hypotheses that describe predlcted relat10nsh1ps among stressor,
exposure, and assessment endpomt response, along with the ratlonale for their - -
selectlon ' '

. A diagram that illustrates the relationships presented m the risk hypotheses.

37




about potentxal nsk to: assess
(see text box 3. 12) and may be based on
theory and logxc, empmcal data,

ent éﬁ&i‘)@]t‘é o

" mathematical models or probablhty models.

They are formulated usmg a combmatlon of

‘ rofessxonal Judgment and avmlable

;::,?;Mmformauon o the ecosystem atrisk.”
. potent1al sour S of ‘stressors, stressor

ecologxcal eﬁ'ects on selected or potennal
“assessment endpoints. These hypotheses may
predxct the effects of a stressor before they

“oceur, or they may postulate why 91?5@:@4

Jha i Sl b
‘

| chmactensncs, and observed or predlcted ‘

Text Box 3-12. What Are Risk

Hypotheses, and Why Are They

| Important?

.-| Risk hypotheses are proposed answers to

questions risk assessors have about what
responses assessment endpoints will show
when they are exposed to stressors and how
exposure will occur. Risk hypotheses clarify
and articulate relationships that are posited
through the consideration of available data,
information from scientific literature, and the
best professional judgment of risk assessors
developing the conceptual models. This
explicit process opens the risk assessment to
peer review and evaluation to ensure the
scientific validity of the work. Risk
hypotheses are not equivalent to statistical
testing of null and alternative hypotheses.
However, predictions generated from risk
hypotheses can be tested in a variety of ways,
including standard statistical approaches.

However

cological effects occurred and ultimately “ o

yﬂlcan be used to generate -

\ Although nsk hyp‘)otheses‘are valuable even when mformatlon is lnmted the amount and h
quahty of data and information w1ll affect the spemﬁclty and level of uncertamty associated with
risk hypotheses and the conceptual models they form. When prehmmary information is |
conflicting, risk hypotheses can be constructed spec1ﬁcally to dlfferentlate between competmg
predictions. The predictions can then be evaluated systematlcally either by using available data |
.during the analysis phase or by collecting new data before proceedmg with the risk assessment. |

“Hypotheses and predictions set a framework for using data to evaluate ﬁmctlonal relationships -

(e.g., stressor-response curves).




Earlyreonceptual models are normally
broad, identifying as many potential
relationships as possible. As more e
 information is incorporated, the plausibility of
specrﬁc hypotheses helps risk assessors sort

. through potent1ally large numbers of stressor-
effect relatlonshrps, and the ecosystem
processes that influence them, to identify

‘those risk hypotheses most appropriate for the

analysis phase. Itis then that justifications
for selecting and omittlng hypotheses are

- documented. Examples of risk hypotheses
-are provrded in text box 3- 13.

3.4.2. Conceptual Model Dlagrams
Conceptual model dlagrams area

- visual representatlon of risk hypotheses.

They are useful tools for communicating 4

~ important pathvyays clearly and concisely and

can be used to generate new questlons about

relatlonshrps that help formulate plausrble .

7 nsk hypotheses. ' -

7 Typical conceptual model dlagrams
-are flow diagrams containing boxes and

- arrows to illustrate rela‘tionships (see |

Appendix C). When this approach is used, it

is helpful to Ause distinct and consistent shapes 1

to distinguish stressors, assessment endpoints,

responses exposure routes, and ecosystem.

- processes. Although flow diagrams are often .

used to illustrate conceptual models, there is

no set configuratlon Pictorial representations -

E can be very effective (e. g Bradley and
' Srmth 1989) Regardless of the

Text Box 3-13 Examples of Rlsk
Hypotheses o

‘"Hypotheses inolude known information that

sets the problem in perspective and the
proposed relatlonships that need evaluation.

Stressor-lmtlated Chemrcals w1th a hlgh Kow
tend to bioaccumulate. PMN chemical A has a

| K, of 5.5 and molecular structure similar to

known chemical stressor B.’
Hypotheses: Based on the K(,w of chem1ca1 A,

i the mode of action of chemical B, and the food

web of the target ecosystem, when the PMN
chemical is released at a specified rate, it will
bioaccumulate sufficiently in 5 years to cause
developmental problems in w1ldhfe and ﬁsh

Effects-mltrated Bird kills were repeatedly

' ’observed on golf courses following the
applxcatron of the pestrclde carbofuran, which .

is highly toxic.

. | Hypotheses: Birds die when they consume
| recently applied granulated carbofuran; as the

level of application increases, the number of
dead birds increases. Exposure occurs when
dead and dying birds are consumed by other
animals. Birds of prey and scavenger species .
will die from eating contaminated birds.

' Ecolbgleal value-lnltiated Wagquoit Bay,' r

Massachusetts, supports recreatlonal boating
and commercial and recreational shelifishing
and is a significant nursery for finfish. Large " :
mats of macroalgae clog the estuary, most of
the eelgrass has died, and the scallops are gone.
Hypotheses: Nutrient loading from septic
systems, air pollution, and lawn fertilizers
causes eelgrass loss by shading from algal

-growth and direct toxicity from nitrogen
| compounds. Fish and shellfish populations are

decreasing because of loss of eelgrass habitat
and periodic hypoxia from excess algal growth
and low. drssolved oxygen. S

conﬁguration a diagram’s usefulness is lmked to the detailed written descnptlons and
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JUStlﬁcatlons e relat1 nshrps shown Wlthout thls dlagrams can rmsrepresent the processes
they are intended to illustrate.

. When developmg conceptual model dlagrams factors to consider mclude the number of

relatlonshrps deplcted the comprehensrveness of the mformatlon, the certarnty surroundlng a

- linkage, and the potentral for measurement. The number of relationships that can be deprcted in
- one flow dxagram depends on thelr complexity Several models that mcreasmgly show more

detaﬂ for srnall portrons can be more effective than try gto create one model that shows

- 855essor’s conﬁdence in the relatronshrp They can also show why certain pathways were |
pursued and others were not.

e Dxagrams provrde a workmg and dynarmc representatlon of relatronshrps They should
be used to explore different ways of lookmg ata problem before selecting one or several to guide
analysrs Once the risk hypotheses are selected and ﬂow dlagrams drawn they set the framework
for ﬁnal planmng for the analysis phase.

Multiple stressors are

sk assessor may evaluate |
‘ | whether the models canbe

combmed to create a better model.
| Conceptual models should be presented to nsk managers to ensure that they commumcate
well and address managers’ concerns. This check for completeness and clarity is a way to assess

the need forc

ges befom analYSlS begins.

Tt is also valuable to rev1srt and where necessary




- revise conceptual models dunng nsk assessments to mcorporate new mformatlon and recheck the
rationale. If this is not feas1ble it is helpful to present any new mformatlon dunng risk '
charactenzatlon along with assoclated uncertainties.

Throughout problem formulation, Text Box 3-14. Uncertamty in Problem

vambig'uities errors, and disagreements will Formulatlon
occur, all of which contribute to uncertamty

Wherever p0551b1e these sources of »Uncertamtles in problem formulation are

‘ manifested in the quality of conceptual
v uncertamty should be eliminated through | 'models. To address uncertamty
better planning. Because all uncertainty ‘
' ' e Be exp11c1t in defining assessment
endpoints; include both an entlty and its
_ ﬂmeasurable attributes.

cannot be eliminated, a description of the
" nature of the uncertainties should be
" summarized at the close of problem

formqlation; 7 See text box 3-14 for o ° “Reduce or define vanabllrty by car efully .

: o . ‘ defining boundaries for the assessmen
. recommendations on how to address ] ng. ° sme t

- uncertainty. " a SR | ‘Be open and explicit about the strengths

. I . . - and limitations of pathways and - -
3.5. ANALYSIS PLAN ' : relationships deplcted in the conceptual
~ ’ ' model ,

_ The analysis plan is the final stage of :

. problem formulation. During analysis - . Identlfy and descnbe ratlonale for key

- ~ assumptions made because of lack of
knowledge, model smphﬁcatlon
approximation, or extrapolation.

planning, risk hypotheses are evaluated to -
determine how they will be assessed using
available and new data. The plan includes a | . ,
 delineation of the assessment design, data | * Describe data limitations.
needs ‘measures, and methods for conductlng '

‘ "the analy51s phase of the risk assessment. ‘Analysis plans may be bnef or extensive dependmg on

the assessment. For some assessments (e.g., EPA’s new chemmal assessments) the analysis plan |

is already part of the established protocol anda new plan is generally unnecessary. As nsk
assessments become more unique and complex, the importance of a good analysis plan increases.
- The ana1y51s plan includes pathways and relationships identified during problem
 formulation that will be pursued dunng the analy31s phase. Those hypotheses consxdered more
_ likely to contribute to risk are targeted. The rationale for selectmg and omitting risk hypotheses
is mcorporated into the plan and mcludes acknowledgment of data gaps and uncertainties. It also
may include a comparison of the level of conﬁdence needed for the management decision w1th
that expected from alternative analyses in order to determme data needs and evaluate which
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- analytical approach is best When new data are needed the fea51b111ty of obtalmng them can be
:taken mto account. ‘ :

Identrﬁcaﬂon of the most cntlcal relatlonshlps to evaluat‘e m a nsk assessment is based on

the relatlonshlp of assessment endpomts to ecosystem tructure and functlon the relative

: wgunportance or“ mﬂuence and mode o of action of stressors on assessment endpomts and other
variables influencing ecologlcal adversxty (see sectlon 5.2. 2) However, final selection of
relatxonsh1ps that can be pursued in analysis is based on the strength of known relationships

:“:‘"ﬂbetween stressors and eﬁ'ects the completeness of known exposure pathways and the quality and

arecosystems When

acknow edged espi e
. extrapolating from data, it 1s 1mportant to 1dent1fy the source of the data, _]ustlfy the extrapolatlon '
” method and discuss recogmzed uncertainties. - :

: Wand address nsk manaéement questions. Dunng selectlon ;‘rl‘sk“‘assessors may ask questlons such o
as: How relev t w111 the results be to the assessment endpomt(s) and conceptual model(s)‘7 Are:

- managers’ questlons? Where are uncertainties hkely to become a problem" Consideration of

~ “these questlons during analysis planmng w111 1mprove future charactenzatlon of nsk (see section
) 5 2.1 for dxscussron of lmes of ev1dence) o | “ |

3 5. 1. Selectmg Measures

attnbutes to quant.lfy and predlct change However determmlng what measures to use to
- evaluate risk hypotheses is both challengmg and critical to the success of a risk assessment.




There are three categories of measures.

Measures of effect are measurable_ changes in .

‘an attribute of an aSsessment endpoint or its-

surrogate in response to a stressor to which it -

is exposed (formerly measurement endpoints;
see text box 3-15). Measures of exposure are

'meaSures of stressor existence and movement

in the envnonment and their contact or co-

Text Box 3-15. Why. Was Measurement .

_ Endpomt Changed"

The ongmal definition of measurement
endpoint was “a measurable characteristic
that is related to the valued characteristic

 chosen as the assessment endpoint™ (Suter,

1989;.U.S. EPA, 1992a). The definition
refers speclﬁcally to the response of an

assessment endpoint to a stressor. It does not
include measures of ecosystem

characteristics, life-history considerations,
exposure, or other measures. Because
measurement endpoint does not encompass
‘these other important measures and there was -
confusion about its meaning, the term was
replaced with measures of effect and
supplemented by two other categories of
measures. ' : o

occurrence with the assessment endpomt
Measures of ecosystem and receptor
charactenstlcs are measures of ecosystem |
charactenstlcs that mﬂuence the behav1or and
K location of entities selected as the assessment -
.endpoint, the distribution of a stressor, and
life-history characteristics of the assessment °

" endpoint or its surrogate that may affect
‘exposure or response to the stressor.
. Examples of the three types of measures are prov1ded in text box 3. 16 (see also Appendlx A 2. 1). ‘
H * The selection of appropnate measures is partlcularly comphcated when a cascade of |
‘ ecologlcal effects is hkely to occur from a stressor. In these cases, the.efféct on one entity (e,
" the measure of effect) may become a stressor for other ecologlcal ent1t1es (i.e., become a measure :
of exposure) and may result in nnpacts on_one or more assessment endpoints. For example ifa
pest1c1de reduces earthworm populations, change in earthworm populatlon density could be the

: duect measure of effect of toxmlty and in some cases may be an assessment endpomt However,

the reductlon of worm populatlons may then become a secondary stressor to which worm-eatmg ‘
birds become exposed, measured as lowered food supply This exposure may then resultina

‘ , secondary measurable effect of starvation of young. In this case, although “bird fledgling |
| success” may be an assessment endpoint that could be measured directly, measures of earthworm
'den31ty, pestlclde res1due in earthworms and other food sources ava11ab111ty of alternative foods

-nest site quality, and competition’ for nests from other b1rd spec1es may all be useful '
measurements. ' : : o S

When d1rect measurement of assessment endpoint responses is not poss1ble the selectlon

of surrogate measures is necessary The selection of what, where and how to measure surrogate
responses determines whether the risk assessment is still relevant to management decisions about
an assessment endpoint. As an example, an assessment may be conducted to evaluate the-
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potentlal nsk ofa pest1c1de used on seeds to

an endangered spemes of seed-eatmg b1rd
The assessment endpomt entlty is w‘the

- endangered spec1es ‘Example attributes

mCIude feedln: beha 'or SuerVal gro Wth A

and reproductx on. Wh1 :jmay be poss

: assessment endpomt life-history

cﬂdangered Spe leS tO the PESthlde tO St

susceptxbxhty,
‘measures would be on seed-eating birds with
- " similar life-history characteristics and

rve as an adequate surrogate measure for

bird to the pesuc1de they do not address
_issues of exposure o

that address both SenSlthItY and hkelyw B s

exposure to stressors will be relevant to
management concerns. If assessment
endpomts are not susceptlble, thelr use in

‘relationships among goals, assessment-

‘endpoints, and measures, text box 3-17

illustrates how these are related in water

-quality criteria. In this example, it is

instructive to note that although water quahty
criteria are considered risk-based, they are not

-full risk assessments, Water quality criteria

‘fo directly collect measures of exposure and

charactenstlcs nthe endangered SpeCICS 1t “

measure ‘Sensxtmty‘ Inthls case to e

e most appropnate surrogate

etermmmg th sensmv1ty of the endangeredﬂ

oy Sessmg nSk can lead tO poor management "
decisions (see section 3.3.1). To hlghhgh’; the

Text Box 3-16. Examples ofa . ..
Management Goal, Assessment Endpoint,
and Measures .

Goal: Viable, self-sustaining coho salmon
population that supports.a subsistence and
sport fishery.

Assessment Endpoint: Coho salmon
breeding success, fry survival, and adult

return rates.

Measures of Effects

+ Egg and fry response to low dissolved
oxygen

* Adult behavior in response to obstacles

» Spawning behavior and egg survival with
changes in sedimentation

‘Measures of Ecosystem and Receptor

Characterlstlcs

 Water temperature, water velocity, and
physical obstructions

e Abundance and distribution of sultable
breeding substrate

e Abundance and distribution of suitable
food sources for fry

* Feeding, resting, and breeding behavior

¢ Natural reproduction, growth and
mortahty rates

| Measures of Exposure

» Number of hydroelectric dams and
associated ease of fish passage ’

» Toxic chemical concentrations in water,
sediment, and fish tissue.

¢ Nutrient and dissolved oxygen levels in
ambient waters ,

* Riparian cover, sediment loading, and
water teniperature




) v
provide an effects benchmark for dec1s1on
‘makmg and do not incorporate measures of
exposure in the environment. Wlthm that
'. .benchmark, there are a number of

assumptions about signiﬁcance (e.g., aquatic .-

‘communities wrll be protected by ach1ev1ng a
benchmark denved from individual species’ -

“toxicological responses toa smgle chemrcal)
and exposure (e.g., 1-hour and 4-day

' ‘exposure averages) Such assumptlons . :
embedded in: decrsron rules are important to

| articulate (see section 3.5. 2).

The analysis plan provrdes a synopsrsv

of measures that will be used to evaluate risk
- hypotheses. The plan is strongest when it

contains explicit statements for how measures

- were selected, what they are intended to
evaluate, and which analyses they support:
Uncertainties associated with selected .
measures and. analyses and plans for
addressmg them should be lncluded in the
plan when possible. ' '
3.5.2. Ensurin,gb That Planned Analyses
Meet Risk Managers’ Needs

- The analysrs plan isa nsk manager-
nsk assessor checkpoint. Risk assessors and'

risk managers review the plan to ensure that

- the analyses will provide information the

manager can use for dec1s1on making. These

~ discussions may also identify what can and

" cannot be done on the basis of a preliminary .
: evaluat‘ion of problem formulation. A .
 reiteration of the plannmg discussion helps
ensure that the appropnate balance of

‘Text Box 3-17. How Do Water Quality 3
| Criteria Relate to Assessment Endpoints?

Water quality criteria (U.S. EPA, 1986a) have been
-developed for the protection of aquatic life from
chemical stressors. This text box shows how the
elements of a water quality criterion correspond to
management goals, management decisions,

-assessment endpomts and measures.

Regulatory Goal

| * Clean Water Act §101 Protect the chexmcal

physrcal and: blologlcal mtegrlty of the Natlon s
waters '

‘ ProgramrManag'em'ent Deeisious

|+ Protect 99% of individuals i in 95% of the species in

aquatic communities from acute and chronic effects
. resultmg from exposure to a chemical stressor

Assessment Endpomts

« Survival of fish, aquatic invertebrate, and algal
- species under acute exposure

« ‘Survival, growth, and reproduction of fish, aquatic
- invertebrate, and algal species under chronic
exposure '

Measures of Effect

. Laboratory LCys for at least elght specles meetmg
certain requlrements o

* Chronic _no—observed-adverse-effect levels
(NOAELSs) for at least three species meeting certain
- requirements

] Measures of Ecosystem and Receptor

Characterlstlcs

- Water hardness (for some metals) = )

The water quality criterion is a benchmark level
derived from a dlsmbutlonal analysis of single-species
toxicity data. Tt is assumed that the species tested
adequately represent the composition’ and sensitivities
of species in a natural community.
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- stressor—response curve wn:h probablhtles) A descnptlon of how data analyses wﬂl dlstmgulsh

hypotheses were selecteds and eliminated are '
i mcluded Potential extrapolations, model
charactenstlcs, types of data (including
“quality), and planned analyses (with specific
tests for different types of data) are described.
Finally, the plan includes a discussion of how

results w111 be presented upon completlon and

‘f“text box 3 18), whxch emphasmes 1dent1fymg the
_problem by establishing study boundaries and
: detemunmg necessary data quality, quantlty,
“and applicability to the problem being ~~ °©
evaluated (U.S. EPA, 1994c). The most
important difference between problem

“ormulatxon and the DQO process is the -

35‘demsxon before the nsk assessment 1s

completed The decision rule step speclﬁes
the statistical parameter that characterizes the
population, specifies the action level for the
study, and combines outputs from the
previous DQO steps into an “if . . . then”
decision rule that defines conditions under 4’

Text Box 3-18. The Data Quality
Objectives Process

The data quality objectives (DQO) process
combines elements of both planning and
problem formulation in its seven-step format.

Step 1.  State the problem. Review
existing information to conclsely describe the
problem to be studied.

Step 2. - Identify the decision. Determine
what questions the study will try to resolve
and what actions may result.

Steb 3. Identify inputs to the decisioil.

Identify information and measures needed to .

resolve the decision statement.

Step 4. Define study boundaries. Specify
time and spatial parameters and where and
when data should be collected.

‘| StepS. Develop decision rule. Define
| statistical parameter, action level, and logical
| basis for choosing alternatives.

Step 6. Specify tolerable limits on
decision errors. Define limits based on the
consequences of an incorrect decision.

Step 7. Optimize the design. Generate

alternative data collection designs and choose |

most resource-effective design that meets all

‘zyyhich the _chlecision make; will choose_

DQOs

f“‘charactenzatlon optlons and cons1derat10nsto be generated (e. g ‘quotlents narratlve d1scuss1on S




alternative optlons (often used in tiered assessments, see also section 2.2.2). This approach
provides the basis for establishing null and alternative hypotheses approprlate for statistical
" testing for srgmﬁcance that can be effective in this apphcatlon "‘While this approach is
- sometimes appropriate, only certain kinds of risk assessments are based on benchmark decrslons.” '
Presentatron of stressor-response curves with uncertamty bounds will be more appropriate than
, statlstlcal testing of decrsron criteria where risk managers must evaluate the range of stressor,
eﬁects to which they compare a range of possible management options (see Suter, 1996) o
. The analys1s plan is the final synthesxs before the risk assessment proceeds. It SR |
‘summarizes what has been done during problem formulation, shows how the plan relates to |
management decisions that must be made, and indicates how data and analyses will be used to
estimate risks. When the problem is clearly deﬁned and there are enough data to proceed

analysrs beglns
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| 4. ANALYSIS PHASE

e - Analysis is a process that examines the two primary components of risk, exposure and
”eﬁ'ects and their relationships between each other and ecosystem characteristics. The ob_]ectlve
-is to provide the mgredlents necessary for detennmmg or pred1ct1ng ecologlcal responses to

“endpoints and conceptual models developed during prob n formulation provide the focus and
structure for the analyses. Analysis phase products are summary proﬁles that describe exposure
and the relationship between the stressor(s) and response. These profiles provide the ba81s for
estimating and descnbmg risks in risk characterization.

Atthe begwlmh un R g of the analysis au| Text Box 4-1. Data Collection and the

Analysis Phase

Data needs are identified during problem

/| formulation (the analysis plan step), and data

-are collected before the start of the analysis

phase. These data may be collected for the

specific purpose of a particular risk

:| assessment, or they may be available from

.| previous studies. If additional data needs are
identified as the assessment proceeds, the

analysis phase may be temporarily halted

1| while data are collected or the assessor (in

.| consultation with the risk manager) may

.| choose to iterate the problem formulation

| again. Data collection methods are not

il described in these Guidelines. However, the

"| evaluation of data for the purposes of risk

assessmert is discussed in section 4.2.

alysis phase (ﬁgure 4-1), the risk assessor:




PROBLEM FORMULATION

\

ANALYSIS

RISK CHARACTERIZATION

Measures of
Ecosystem and’
Receptor
Characteristics’

Measures
‘ of
Exposure

Exposure . Ecological Response
Analysis Analysis

Stressor-
Response
Proﬁle

o Exposure
: Profile”

: ‘ s)insay Jojjuon .
‘880004d 9jes0y) ‘ejeq aanboy :Aiessasop sy

RISK CHARACTERIZATION

- Figure 4-1. Analysis phase.

. Summanzes the conclusxons about exposure (sectlon 4. 2.2) and eﬂ‘ects (section
4.3.2). R ‘ '

I3

v " The analysis phase 1s ﬂex1ble with substantlal mteractlon between the eﬁ'ects and
exposure characterizations as ﬂlustrated by the dotted hne in figure 4-1. In particular, when
secondary stressors and effects are of concern, exposure and effects analyses are conducted
iteratively for different ecological entities, and they can become intertwined and difficult to
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: ] : asse or example (Appendrx D), potentlal f
‘ changes in the plant and animal commumtles under different ﬂoodlng scenarios were examined.

Risk assessors combined the stressor-response and. exposure andlyses withinthe FORFLO model

for pnmary eﬁectson the plant commumty and w1thln the Habitat ‘Sultablhty Index for
secondary eﬁ'émcts onthe animal commumty ‘In addltlon, the dlstmctlon between ana1y51s and
‘ on he mode esults develo d for the bottomland hardwoods

'The nature of the stressor mﬂuences‘the types of analyses conducted The results may
range ﬁom hlghly quantitative to quahtatrve dependmg on the stressor and the scope of the
"“assesstent. For chemical stressors, exposure estimates emphas12e contact and uptake into the
" organism, and‘ fects estimations often entail e apolat n from test orgamsms to the orgamsm

finterest, For physical stressors, the initial disturbance may cause primary effects onthe
.. assessment endpoint (e.g., loss of wetland acreage) ‘In many cases, however, secondary effects
(e.g., decline of wildlife populatrons that depend on wetlands) may be the pnncrpal concern. The
pomt of vrew depends on the assessment endpoints. Because adverse effects can occur even 1f
rcceptors do not physrcally contact dlsturbed habltat exposure ana]yses may emphasrze co-
occurrence with physical stressors rather than contact. For biological stressors, exposure analy81s
" is an evaluation of entry, dxspersal survival, and reproductlon (Orr etal., 1993) Because “

blologxcal stressors can reprodnce, ‘interact with other orgamsms and evolve over time, exposure

: and effects cannot always be quantified with conﬁdence therefore, they may be assessed
quahtatrvely by ehcltmg expert oplmon (Sunberloﬂ’ and Alexander, 1994)

4 1. EVALUATING DATA AND MODELS FOR ANALYSIS

“ At the beginning of the analysrs phase the assessor cntlcally examines the data and
“'models to ensure that they can be used to evaluate the conceptual model developed in problem
. formulation (see sections 4.1.1 and 4.1 2). Sec’non 4.13 addresses uncertamty evaluatlon

4.1.1. Strengths and leltatlons of Drfferent Types of Data

Many types of data can be used for risk assessment. Data may come from laboratory or
ﬁeld studies or may be produced as output ﬁom amodel. Famlhanty with the strengths and
lumtauons of drfferent types of data can help assessors bulld on strengths and avoid pitfalls.
Such a strategy improves confidence in the conclusions of the risk assessment.

Both laboratory and field studies (mcludmg field expenments and observational studies).
can provide useful data for risk assessment. Because condrtlons can be controlled in laboratory
studies, responses may be less vanable and smaller dlfferences easier to detect. However, the




controls may limit the range of responses (e.g., ammals cannot seek altematlve food sources) S0 '
r- they may not reflect responses in the environment. In addrtlon larger-scale processes are - '
‘difficult to replicate in the laboratory. ' ' ‘

Field observational studies (surveys) measure biological changes in uncontrolled
s1tuatlons Ecologlsts observe pattems and processes in the field and often use statistical
techmques (e.g., correlatlon, clustenng, factor analy51s) to descnbe an association between a .
disturbance and an ecological effect. For instance, physical attributes of streams and their
watersheds have been associated with changes in stream communities (Richards et al., 1997).

' Field surveys are often reported as status and trend studies. Messer et al. ( 1991) correlated a-
biotic index with acid concentrations to describe the extent and proportlon of lakes 11kely to be

~ impacted.

Field. surveys usually represent exposures and effects (mcludmg secondary effects) better R

than estimates generated from laboratory stud1es or theoretlcal models. Field data are more

- nnportant for assessments of multiple stressors or where site-specific factors significantly

- influence exposure. They are also often useful for analyses of larger geographlc scales'and
hlgher levels of biological organization. Field survey data are not always necessary or feasrble to
collect for screemng-level or prospective assessments. |

, Field surveys should be des1gned with sufﬁc1ent statistical ngor to deﬁne one or more of
.. the followmg ‘ ’ ‘

e - Exposure in the system of interest
~+  Differences in measures of effect between reference sites and study areas '

. Lack of dlfferences

‘ Because condltlons are not controlled i in ﬁeld studies, vanablhty may be thher and it may be
difficult to detect differences. For this reason, itis 1mportant to verlfy that studies have sufﬁclent‘
.. power to detect important differences. : ©o
Field surveys are most useful for lmkmg stressors with effects. when stressor and effect

levels are measured concurrently. The presence of confoundmg factors can make it drfﬁcult to
- attribute observed effects to specific stressors. For this reason, field studies designed.to

minimize effects of potentially confounding factors are preferred and the ev1dence for causahty
. should be carefully evaluated (see section 4.3.1.2). In addition, because treatments may not be

randomly apphed or rephcated classrcal statistical methods need to be applied with caution

- (Hurlbert, 1984; Stewart-Oaten etal., 1986 Wiens and Parker, 1995; Eberhardt and Thomas,

- 1991). Intermediate between laboratory and field are studies that use envrronmental media,




collected from the field to examine response in the laboratory. Such studles may 1mprove the |
power to detect differences and may be de51gned to prov1de evidence of causality.
.« ... Mostdata will be reported as measurements for smgle vanables such as a chemical

concentranon or the nuniber of dead orgamsms In some cases, however vanables are combmed
- and reported as mdlces Several indices are used to evaluate effects for example, the rapld I
ioti Integnty, or IBI (Karr, 1981 o

“.f‘comhined.“ ‘T stlgate causallty, such indices may need to be separated into the1r
“components, or analyzed usmg multtvanate methods (Suter, 1993b Ott, 1978). Interpretatlon
becomes evenr i

yet released (i.e.. prospectlve assessments) 'Lessons learned from past expenences with related
organisms are often critical in trying to predict whether an orgamsm will survive, reproduce, and
“disperse in a new environment. Another example is toxicity evaluation for new chemicals
through the use of structure-actwrty relatlonshlps or SARs (Auer et al 1994 Clements and
Nabholz, 1994) The simplest apphcatlon of SARs isto 1dent1fy a sultable analog for which data
stlmate  the toxicity ofa compound for wh1ch data are lackmg More advanced
applications use quantitative structure-activity relationships (QSARs), which mathematically
| ;‘ modei the relatlonshlps hetvt{een chemical structures and speciric biotogical effectsandare

‘are avallable




- derived usmg mformatlon on ‘sets of related chermcals (Llpmck 1995 Cromn and Dearden
.1995). The use of analogous data without knowledge of the underlymg processes may

substantially i mcrease the uncertamty in the risk assessment (e.g., Bradbury, 1994) however use
' of these data may be the only optlon avallable - S . o
_ ~ Even though models may be developed and used as part of the risk assessment

,v ‘sometimes the risk assessor relies on output of a previously developed ‘model. Models are.
particularly useful when measurements cannot be taken, for exa.mple when’ predrctmg the effects
of a chemical yet to be manufactured They can also provide estlmates for times or locatlons that o
are 1mpract1cal to measure and can provide a basis for extrapolatmg beyond the range of '
observation. Because models simplify reality, they may omit 1mportant processes fora particular
system and may not reflect every condition in the real world. In addition, a model’s output is ’
only as good as the quality of its input variables, so critical evaluation of input data is important
as is comparing model outputs with measurements in the system of mterest whenever poss1ble

Data and models for risk assessment are often developed m a tiered fashmn (also see’

section 2.2). For example snnple models that err on the side of conservatlsm may ‘be used first,
followed by more elaborate models that prov1de more realistic estimates. Effects data may also
be collected usmg a tiered approach Short-term tests designed to evaluate effects suchas
lethality and immobility may be conducted first. If the chemical exhibits high toxicity or a
preliminary characterization indicates a risk, then more expenswe longer-term tests that measure
. 'sublethal effects such as changes to growth and reproductlon can be conducted. Later tiers may
' 'employ multrspecres tests or field experiments.- Tlered data should be evaluated in hght of the
- decision they are mtended to support data collected for early tiers may not support more |
. sophlstlcated needs ' ' '

4. 1.2 Evaluatmg Measurement or Modellng Studies - )
- The assessor’s first task in the analysrs phase is to carefully evaluate studies to determme

whether they can support the objectives of the risk assessment. Each study should include a

~ description of the purpose, methods used to collect data, and results of the work. The assessor '

evaluates the ut111ty of studies by carefully companng study objectives with those of the nsk

assessment for consrstency In addltlon the assessor should determine whether the mtended

- objectives were met and whether the data are of sufficient quality to support the nsk assessment

This is a good opportumty to note the confidence in the mformatlon and the unphcatrons of

different studles for use in the risk charactenzatlon when the overali confidence in the

.assessment is dlscussed Finally, the risk assessor should 1dent1fy areas where ex1$t1ng datado

,1 not meet risk assessment needs In these cases, collectmg addltlonal data i 1s recommended
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.| Text Box 4-2. The American National
| Standard for Quality Assurance '

The Specifications and Guidelines for
Quality Systems for Environmental Data
Collection and Environmental Technology
Programs (ASQC, 1994) recognize several

"| areas that are important to ensuring that
| environmental data will meet study

objectlves, mcludlng

'risk éssessment Studles should contain
- “sufficient information so that results can be

' accessxbxhty o ethods and results “Th

f all parameter values, any parameter

on study plans and their 1mp1ementat10n

shown in text bom 4-3

IE Planning and scoping

.| = Designing data collection operations o

» Implementing and monitoring planned
operations .

» Assessing and verifying data usability.

0 begm‘w1th model code atnd documentatlon
avallabxhty Reports descnbmg model results

“should include all important equatlons, tables

M‘stlmatlon techmques, and tables or graphs of

Useful questxons for evaluatmg studles are S , e
‘ ! ~~+| » Was the study conducted properly?

Text Box 4-3. Questions for Evaluating a
Study’s Utility for Risk Assessment ‘

o e Are the study objectives relevant to the

risk assessment?

.| » Are the variables and conditions the study

represents comparable with those
important to the risk assessment?

e Is the study des1gn adequate to meet its
objectives?

e How are variability and uncertainty treated

and reported?




4.1.2.1. Evaluatmg the Pmpose and Scope of the Study ‘ :
, ‘ Assessors should pay partlcular attentlon to ‘the obj ectives and scope of studies that were
des1gned for purposes’ other than the risk assessment at hand. Thls can identify important

uncertainties and ensure that the mformatlon 15 used appropnately An example is the evaluation L ’

of studies that measure condltion (e. g stream surveys, populatlon surveys) ‘While the
| measurements used to evaluate condition may | be the same as the measures of effects 1dent1ﬁed in
problem formulatlon to support a causal argument they must be linked with stressors. In the -
- best case, this means that the stressor was measured at the same time and place as the effect.
Sirmlarly, a model may have been developed for purposes other than risk assessment Its
description should mclude the mtended application, theoretlcal ﬁ'amework, underlymg
, assumptlons and lnmtmg conditlons This information can help assessors 1dent1fy unportant
‘v hrmtatlons in its apphcatlon for risk assessment For example, a model developed to evaluate -
chemlcal transport in the water column alone is of limited ut111ty for a nsk assessment ofa
chemical that partitlons readily into sediments.
| The vanables and conditions examined by studies should also be compared with those
identified during problem formulation. In addltlon the range of vanablhty explored in the study
’ should be compared with that of the risk assessment A study that examines animal habitat needs:
‘ ‘m the winter, for example, may miss unportant breedmg-season requrrements Studies that '
minimize the amount of extrapolatlon needed are preferred These are studles that represent:
*  The measures 1dent1ﬁed in the analys1s plan (1 e., measures of exposure effects
and ecosystem and receptor charactenstlcs) ' '

. ) The time frame of interest

.o The ecosystem and location ofinterest -
. The envirbnmental conditions of interest A'
« . The exposure route'of interest-. -

4.1.2.2. Evaluatmg the Design and Inq:lementatton of the Study - _

_ The assessor evaluates- study design and unplementanon to determme whether the study
objectlves were met and the mformation isof sufficient quality to support the risk assessment
' The study design provides m31ght‘ into the sources and magnitude of uncertainty associated with




the results (see sectron 4 l 3 for further dlscussmn of uncertamty) Among the most 1mportant
design issues of an effects study is whether it has enough statistical power to detect important
. differences or changes Because this information is rarely reported (Peterman, 1990), the

. assessor may need to calculate the magmtude of an effect that could be detected under the study
‘conditions (Rotenberry and Wlens, 1985) -
Part of the exercise examines whether the study was conducted properly

For laboratory studies, this may mean determining whether test conditions were
properly controlled and control responses were within acceptable bounds.

“For field studies, issues include identification and control of potentially

“ ‘confoundmg vanables and careful reference srte selection. (A dlscuss1on of v
ference s1te seleetlon is se éuldehnes, however it has | .

_been identified as a candidate toplc for future development ) ’ -

_For models, issues mclude the program s structure and logic and the correct
“specification of algonthms in the model code (U S EPA, 1994e)

Evaluatlon is easier if standard methods or quality assurance/quahty control (QA/QC)

d whether they are
prropnate for the risk assessment. For instance, detection li 1dent1ﬁed for one
-.environmental matrix may not be achJevable for another and thus it may not be poss1b1e to

detect concentrations of interest. Study results can still be useful even if a standard method was
_not used. However, this places an addltlonal burden on both the authors and the assessors to
provide and evaluate evidence that the study was conducted properly

- 4.1.3. Evaluating Uncertainty ,
Uncertainty evaluation is a theme throughout the analysrs phase The obyj: ectlve isto

describe and, where possible, quantify what is known and not known about exposure and effects
in the system of interest. Uncertainty analyses increase ‘the credibility of assessments by

explicitly describing the magnitude and direction of uncertainties, and they prov1de the ba515 for

ction or apphcatlon of refined methods. Uncertamtles characterized dunng the .

estrmated (sectlon 5, 1) and |

d (see dsectlon 52. 1) ‘




~

~This section d1scusses sources of uncertamty relevant to the analys1s of ecologlcal

,,exposure and effects source and example strategres are shown i in text box 4-4 Section 343

discusses uncertainty in conceptual model development Readers are also referred to the -

. discussion of uncertamtles in the exposure assessment guldelmes (U.S.EPA, 1992b)

. Sources of uncertamty that are encountered when evaluatmg information mclude unclear
commumcatlon of the data or its manipulation and errors in the mformatlon itself (descnptlve
errors). These are usually characterized by cntlcally examlmng the sources of mformatlon and

: documentmg the decrs1ons made when handling it.. The documentatlon should allow the reader .
to make an mdependent judgment about the vahd1ty of the assessor’s decisions.

Sources of uncertainty that pnmanly arise when estimating the value of a parameter

include vanablhty, uncertainty about a quantlty s true value, and data gaps. The term varzabzlzty -

is used here to describe a charactenstlc s true heterogenelty Examples include the var1ab111ty in

soil orgamc carbon seasonal differences in ammal dlets or differences in chemical sen51t1v1ty in .
: dlﬁ'erent species. Vanablhty is usually descnbed dunng uncertamty analySIS although

heterogenelty may not reflect a lack of knowledge and cannot usually be reduced by further

measurement. Vanablllty can be descrlbed by presentmg a dlstnbutlon or speclﬁc percentlles

ﬁ'om it(e.g., mean and 95th percentile). ) S , ,
Uncertamty about a quantrty s'true value may mchlde uncertalnty about its magmtude

location, or time of occurrence. This uncertainty can usually be reduced by taking addltlonal

'measurements - Uncertainty about a quantity’s true magnitude is usually described by samplmg

error (or variance in experiments) or measurement error. 'When the quantity of interest is '
) blologlcal response, sampling error can greatly mﬂuence a study’s ability to detect effects.

Properly designed studies will specify sample sizes large enough to detect important signals.
Unfortunately, many studies have sample sizes that are too small to detect anything but gross
changes (Smlth and Shugart 1994; Peterman, 1990). The discussion should h1gh11ght situations
where the power to detect difference is low. Meta-analysrs has been suggested as a way to
combine results from dlfferent studies to 1mprove the ab111ty to detect effects (La1rd and

Mosteller, 1990; Petitti, 1994). However these approaches have thus far been apphed pnmanly
- in human epldermology and are still controversral (Mann, 1990) '

Interest in quantlfymg spatial uncertamty has increased with the i mcreasmg use of

:geographlc mformatlon systems (GIS) Strategies include  verifying the locatlons of remotely

sensed features and ensuring that the spatlal resolution of dataora method is commensurate wrth
the needs of the assessment. A growing literature is addressmg other analytical challenges often
associated with using spat1a1 data (e.g., colhneanty and autocorrelation, boundary and scale - -

- effects, lack of true rephcatlon) (Johnson and Gage, 1997; Fothermgham and Rogerson 1993
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Text Box 4-4. Uncertainty Evaluation in the Analysis Phase

Source of
uncertainty

Example analysis ph:'lse strategies

Spe.c'iﬁc example

Unclear
communication

Contact principal investigator or other study
participants if objectives or methods of literature
studies are unclear.

Document decisions made during the course of the
assessment.

Clarify whether the study was designed to
characterize local populations or regional
populations.

Discuss rationale for selecting the cntlcal
toxicity study.

Descriptive errors

Verify that data sources followed appropriate
QA/QC procedures.

, Double-check calculations and déta entry.

Variability

Describe heterogeneity using point estimates (e.g.,

central tendency and high end) or by constructing
probability or ﬁequency distributions.

Differentiate from uncertainty due to lack of
knowledge.

" Display differences in species sensitivity

using a cumulative distribution function.

Data gaps

Collect needed data.

Describe approaches used for bridging gaps and
their rationales.

Differentiate science-based judgments from policy-
based judgments.

Discuss rationale for using a factor of 10
to extrapolate between a lowest-observed-
adverse-effect level (LOAEL) and a

NOAEL.

Uncertainty about
a quantity’s true
value

Use standard statistical methods to construct
probability distributions or point estimates (e.g.,
confidence limits).

Evaluate power of designed experiments to detect
differences.

Collect additional data.

Verify location of samples or other spatial features.

Present the upper confidence limit on the
arithmetic mean soil concentration, in
addition to the best estlmate of the
arithmetic mean.

Ground-truth remote sensing data.

Model structure
uncertainty
(process models)

Discuss key aggregations and model -
simplifications.

Compare model predictions with data collected in
the system of interest.

Discuss combining different species into a

group based on similar feeding habits.

Uncertainty about
a model’s form
(empirical
models)

Evaluate whether alternative models should be
combined formally or treated separately.

Compare model predictions with data collected in
the system of interest.

Present results obtained using alternative
models.

Compare results of a ;Slant uptake model
with data collected in the field.




Wiens and Parker 1995) Large-scale assessments generally require aggregatlng mformatlon at
f smaller scales. Itis not known how aggregatlon affects uncertainty (Hunsaker etal., 1990)
Nearly every assessment must treat s1tuat10ns where data.are unavallable or avarlable .
’ ‘only‘for parameters other than those of interest. Examples mclude 'using laboratory data to
estimate a wild animal’s response to a stressor or using a bloaccumulatlon measurement from a
" different ecosystem. These data gaps are usually bndged with a comblnatlon of scientific
‘ analyses, scientific Judgment and perhaps policy decisions. In denvmg an ambient water quality
criterion (text box 3-17), for example, data and analyses are used to construct distributions of . ‘
species sen31t1v1ty for a particular chemical. Scientific judgment is used. to mfer that species . :
selected for testing will adequately represent the range of sensitivity of species m the
environment. Policy defines the extent to which 1nd1v1dua1 species should be protected (e g - |
90% vs. 95% of the spec1es) Itis. unportant to dlstmgulsh these elements ' A
Data gaps can often be filled by completing additional studles on the unknown parameter. ,
- When possible, the necessary data should be collected. At the least, opportumtles for filling data
- gaps should be noted and carried through to risk charactenzatron Data or knowledge gaps that X
. are so large that they preclude the analysis of either exposure or ecologlcal effects should also be
noted and discussed in risk charactenzatlon
An important obj ectlve is to distinguish vanablllty from uncertamtles that arise from lack
- of knowledge (e.g., uncertamty about a quantity’s true value) (U.S. EPA, 1995b). This
~ distinction facilitates the interpretation and communication of results. For instance; in their food '
web models of herons and mink, MacIntosh et al. (1994) separated expected vanablllty in
individual animals’ feeding habits from the uncertamty in the mean concentration of chermcal in
’ - prey species. They could then place error bounds on the exposure distribution for the ammals
using the site and estlmate the proportlon of the ammal populatlon that mlght exceed a toxicity -
' threshold o , :
} Sources of uncertamty that arise pnmanly dunng model development and apphcatlon
mclude process model structure and the relatlonshlps between variables in empirical models
. Process model descnptlons should include assumptxons, srmphﬁcatrons, and aggregations of
".variables (see text box 4- 5) Empmcal model descnptlons should include the rationale for
-selection and model performance statrstlcs (e.g., goodness of fit). Uncertamty in process or
| empmcal models can be quantitatively evaluated by companng model results to measurements
taken in the system of interest or by companng the results of dlfferent models. N
Methods for analyzing and descnbmg uncertamty can range from srmple to complex
When little is known -a useful approach is to estimate exposure and effects ‘based on alternatlve |
sets of assumptrons ,(scenanos). Each scenario is carried through to risk characten_zat1on, where
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“the underlying assumptions and the scenario’s

“‘plausibility are discussed. Results can be
presented as a series of point estimates with-
“different aspects of uncertainty reflected in

each CIasswal statxstlcal methods (e g |

“how iﬁoae output che.nges with changes in
input variables, and uncertainty propagation
can be analyzed to examine how uncertainty

_in individual parameters can affect the overall
_uncertainty in the results. The availability of

software for Monte Carlo analysis has greatly
- Increased the use of probabilistic methods;

Text Box 4-5. Considering the Degree of .
Aggregatlon in Models

Wiegert and Bartell (1994) suggest the
following considerations for evaluating the

| proper degree of aggregatlon or

dlsaggregatlon

1. Do not aggregate components with greatly
disparate flux rates. :

. Do not greatly increase the disaggregation
of the structural aspects of the model
without a corresponding increase in the
sophistication of the functional

'relationships and controls.

. Disaggregate models only insofar as
required by the goals of the model to
facilitate testing. '

* "Other methods ‘(e ‘g ﬁlz.zy mathematlcs, Bayesmn methodologles) are - available but have not yet

.been extensively applied to ecological risk assessment (Smlth and Shugart 1994) The Agency

‘does‘ not endorse the use of any one method and cautio that th poor executlon of any method

“can ebscure rather than clarify the 1mpactwef }un‘eerta‘m‘ty oxi ‘an aseessment’s results. No matter
‘what technique is used, the sources of uncertainty discussed above should be addressed.




The exposure proﬁle 1s combmed w1th an effects profile (d1scussed in section 4 3.2) to
‘estimate risks. For the exposure proﬁle to be useful it should be compatrble with the stressor-
Tesponse relatronshrp generated in the effects characterization.

42.1. Exposure Analyses , , .
‘Exposure is contact or- co-occurrence between a stressor anda receptor The obJectlve is

to describe exposure in terms of i mtensrty, space and time in units that can be- combined with the - -

‘ effects assessment. In addition, the assessor should be able to trace the paths of stressors from
the source(s) to the receptors (i.e., describe the exposure pathway) |
A complete picture of how, when, and where exposure occurs or has occurred i is 7
developed by evaluating sources and releases the d1str1butron of the stressor in the envnonment
~ and the extent and pattern of contact or co-occurrence. The order of these topics here is not
necessanly the order in which they are executed. The assessor may start ‘with information about
" tissue residues, for example, and attempt to link these re51dues with a source.

4 2.1.1. Descrtbe the Source(s)

A source can be defined in two general ways as the place where the stressor originates
or is released (e.g., a smokestack, hlstoncally contaminated sediments) or the management
practice or action (e. g dredgmg) that produces stressors. In some assessments, the original
sources may no longer exist and the source may be defined as the current locatlon of the
stressors. For example, contammated sediments might be considered a source because the '

~ mdustrral plant that produced the contaminants no longer operates ‘A source'is the first
component of the exposure pathway and s1gmﬁcantly influences where and when stressors

" eventually will be found. In addrtron many management altematlves focus on modifying the
source. ‘ .

Exposure analyses may start w1th the source when it is known begm with known.
exposures and attempt to link them to sources, or start with known stressors and attempt to
1dent1fy sources and quantify contact In any case, the objective of this step 1s to identify the
sources, evaluate what stressors are generated and 1dent1fy other potent1a1 sources Text box 4 6
provrdes some useful questlons to ask when descnbmg sources. ‘ :

In addition to 1dent1fymg sources, the assessor examines the mtensrty, tlmmg, and
locat1on of stressors’ release. The location of a source and the environmental medla that first
receive stressors are two attributes that deserve particular . attentlon For chermcal stressors, the
source characterization should also consider whether other constituents emitted by a source
‘influence transport, transformation, or bioavailability of the stressor of interest. The presence of
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clemental form (Meu, 1991), for example o

the best case stressor generatlon 1s measured “
or modeled q tltanvely, however )
‘sometimes it can only be quahtatrvely .
]]‘descnbed .
| ~ Many stres ”rs have natural )
srparts of i ultlple sources so 1t may be

8 polycycl romatic | hydrocarbons i

ban‘ecosystems),

or may have mgmﬁcant .

K deposxted in Chesapeake Bay) Many o
physical stressors also have natural
counterparts For mstance, constructlon

Text Box 4-6. Questions for Source
Descnptlon

e Where does the stressor originate?

¢ What environmental media first receive
© stressors?

.|  Does the source generate other

constituents that will influence a stressor’s
eventual distribution in the environment?

1 o Are there other sources of the same

stressor?
» Are there background sources? -

o Is the source still active?

| * Does the source produce a distinctive

signature that can be seen in the
environment, organisms, or communities?

Additional questions for introduction of
biological stressors:

* Is there an opportunity for repeated
introduction or escape into the new
environment? >

| » Will the organism be present on a

:the frequency and seventy of ﬂoodmg in a
;watershed

transportable item?

e Are there mitigation requirements or
conditions that would kill or impair the
organism before entry, during transport, or
at the port of entry?

The assessment scope 1dent1ﬁed |

jmcreasmg com 1ex1ty)

mdurmg planmngwdetermmes how multlple sources are evaluated Optlons include (1n order of




- .'» . Focus only on the source under evaluation and calculate the incremental risks -
attnbutable to that source (common for assessments mltlated with an 1dent1ﬁed
source Or stressor). o ' ' L

. Consider all sources of a stressor and calculate total risks attributable to that
=+ stressor. Relative source attribution can be accomphshed as a separate step
(common for assessments nutlated wnh an observed effect or an 1dent1ﬁed
stressor).

X3 Con31der all stressors mﬂuencmg an assessment endpoint and calculate
' cumulatlve risks to that endpoint (common for assessments 1mt1ated because of
o * concern for an ecological value).

‘Source 'characterization can be particularly important for introduced biological stressors '
since many of the strategies for reducing risks focus on preventing entry in the first place. Once
the source is identified, the likelihood of entry may be characterized quahtatlvely In their risk
analysis of Chilean log 1mportatlon, for example, the assessment team concluded that the beetle -
Hylurgus ligniperda had a high'potential for entry mtO'the United States. Their conclusion was '
based on the beetle s attraction to freshly cut logs and tendency to burrow under the bark, wh1ch
-would provrde protection durmg transport u SDA 1993)

4 2 1.2. Describe the Distribution of the Stressors or Dlsturbed Envzronment .
: , The second obj ectlve of exposure analys1s is to describe the spatial and temporal
distribution of stressors m the envn'onment For physrcal stressors that directly alter or ehmmate
'portlons of the env1ronment the assessor descnbes the temporal and spatial dlstnbutlon of the
 disturbed environment. Because exposure occurs when receptors co-occur with or contact -
stressors, this characterization is a prerequlsrte for estimating exposure. Stressor. dlstnbutlon in
the environment is examined by evaluating pathways from the source as well as the formatlon
and subsequent d1str1but10n of secondary stressors (see text box 4-7) k

4.2.1.2.1. Eyaludting' Transport PathWays. ‘Stressors can be 'trans‘ported via many pathWays'
(see text box 4-8). A careful evaluation can help ensure that measurements are taken in the
A appropnate media and locations and that models mclude the most 1mportant processes.

63




| | For a chermcal su'essor, the evaluatlon ‘
usually begms by determlmng into which
media it can partition. Key cons1deratlons

mclude physxcochemlcal Propertle o S}lch as Y

solubxhty and vapor pressure. For example

* chemicals with low solublhty in water tend to

' be found in environmental compartments |

“'with higher proportions of organic carbon

- such as soils, sediments, and biota. From
there, the evaluation may examine the

““transport of the contaminated medium. |

- Because chemical mixture constituents may

Text Box 4-7. Questions to Ask iﬁ
Evaluating Stressor Distribution

What are the important fransport 7
pathways?

What characteristics of the stressor
influence transport?

What characteristics of the ecosystem will
influence transport?

What secdndary stressors will be formed?

Where will they be transported?

ha dxﬁ'ere t roperues, the ana1y51s should

{or womonswof them (e £- ﬁshmg -

- ire harvested & th‘e‘vall“ey is flooded. For
these direct disturbances, the challengeis
usually to evaluate secondary stressors and

Text Box 4-8. General Mechanisms of
Transport and Dispersal

Physical, chemical, and biological
stressors:

By air current -
In surface water (rivers, lakes streams)
Over and/or through the soil surface

Through ground water

Primarily chemical stressors:

¢ Through the food web
Primarily biological stressors:
Splashing or raindrops

Human activity (boats, campers)

Passive transmittal by other organisms
Biological vectors

and Jump-dlspersal (Slmberloff and




: Alexander 1994) lefusmn involves a gradual spread from the establlshment site and i is
_ pnmanly a functlon of reproductlve rates and motlhty Jump-drspersal involves erratic spreads
- over penods of tnne, usually by means of a vector. The gypsy moth and zebra mussel have
spread this way, the gypsy moth via egg masses on vehicles and the zebra mussel via boat ballast
‘water. Some blologrcal stressors can use both strategles wh1ch may make dlspersal rates very
- difficult to predict. The evaluation should cons1der factors such as vector ava.llablhty, attnbutes
that enhance dlspersal (e g., ability to ﬂy, adhere to objects, dlsperse reproductlve umts), and
habitat or host needs. . .
For biological stressors, assessors should consider the addrtlonal factors of surv1va1 and
reproductlon Orgamsms use a wide range of strategies to survive in adverse condltlons for -
© example, fung1 form restmg stages such as ‘sclerotia and chlamydospores and some amphlblans :
* become dormant during drought The survival of some organisms can be measured to some
extent under laboratory conditions. However it may be 1mposs1b1e to determine how long -
resting stages (e.g., spores) can surv1ve under adverse COl‘ldlthl‘lS many can remain viable for_
years. Sumlarly, reproductlve rates may vary substantlally depending on specrﬁc env1ronmental '
* conditions. Therefore while 11fe-h1story data such as temperature and substrate preferences '
- .important predators, competltors or dlseases habltat needs, and reproductrve tates are of great
value, they should be interpreted with cautlon and the uncertalnty should be addressed by usmg
- several dlfferent scenarios. :

) Ecosystem charactenstxcs mﬂuence the transport of all types of stressors The challenge
is to determine the partlcular aspects of the ecosystem that are most important. In some cases,
ecosystem charactenstlcs that influence dlstnbutlon are known For example, fine sedlments
tend to accumulate in areas of low energy in streams such as pools and backwaters Other cases
need more professional _]udgment When evaluating the likelihood. that ari introduced organlsm :
will become established, for mstance it is useful to know whether the ecosystem is generally
similar to or different from the one where the blologlcal stressor orlgmated Professional

Jjudgment is used to determme wh1ch charactenstlcs of the current and ongmal ecosystems
- should be compared ' )

4.2.1.2.2. Evaluatmg Secondaly Stressors. Secondary stressors can greatly alter conclusions
about risk; they may be of greater or lesser concern than the pnmary stressor. Secondary stressor
. evaluation is usually part of exposure charactenzatlon however, it should be coordinated with
the ecologlcal effects charactenzatlon to ensure that all potentially i nnportant secondary stressors

are cons1dered -
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For chemicals, the evaluatlon usually focuses on metabohtes blodegradatlon products or
ough ab10t1c processes As an example nucroblal actlon mcreases the

‘ ate s‘ mthe ﬁeld may differ
substanttally, and some processes may be dlfficult or mpossxble to replicate in a laboratory
When evaluating field information, though, it may be difficult to distinguish between
transformation processes (e g., oil degradation by mlcroorgamsms) and transport processes (e.g.,

volauhzatlon) Although they may be difficult to dlStlIlglllSh the assessor should be aware that - .

: these two different processes wrll largely determine if secondary stressors are likely to be
formed A combinati f these facto i determi
stressor(s) may‘ ‘ recep ‘
' chemical risk assessment team expenenced in physxcal/chemtcal as well as brologlcal processes.

ho much of the secondary

remforce the need to have a

Physxcal dlsturbances can also generate seeondary stressors, and 1dent1fymg the specific |
~ consequences that will affect the assessment endpomt can be a difficult task. The removal of
riparian vegetation, for example, can generate many secondary stressors including increased
nutrients, stream temperature, sedimentation and altered stream ﬂow However it may be the
temperature change that is most responsible for adult salmon mortahty in a particular stream.
i using measurements, models, or

‘ ct measurement of
* environmen media or a com matlon of modeling an measurement is preferred ‘Models
--enhance the abxhty to investigate the consequences of dlﬁ'erent management scenarios and may

" 'be necessary 1f measurements are not p0551ble or practlcable They are also useful if a

uafititative: relatronshrp of sources and stressors. is des1red As examples, land use actlvxtles :
; ions Oberts, 1981), and

‘ val mg data collectlon and

” modelmg studles are dlscussed in sectton
the exposure assessment guldehnes (U S. EPA 1992b) For blologlcal stressors, dlstnbutlon
_may be difficult to predict quantitatively. Ifit cannot be measured it can be evaluated

- qualitatively by considering the potent1a1 for transport, surv1va1 and reproductlon (see above)

For chemlcal stressors, readers may also refer to



By the end of this step, the env1ronmenta1 d1str1butlon of the stressor or the dlsturbed
environment should be descnbed This description prov1des the foundatlon for estlmatmg the .
contact or co-occurrence of the stressor - with ecolog1ca1 entities.’ When contact is known to have
occurred, descnbmg the stressor’s environmental dlstnbutlon can help 1dent1fy potentlal sources
and ensure that all 1mportant exposures are addressed '

4.2, 1 3 Describe Contact or Co-Occurrence
‘The third objective is to descnbe the
extent and pattern of co-occurrence or contact_

Text BoX'4-9. 'Que'stions To Ask in
Describing Contact or Co-Occurrence

. between stressors and receptors G.e.,
: . Must the receptor actually contact the

exposure). This is critical—if there isno- .
' stressor for adverse effects to occur?

exposure there can be no risk. Therefore,

assessors should be careful to include 7
situations vvhere exposure may occur in the

- future, ’where'exposure has occurred in the

| past but is not currently evident (e g., in some
retrospectlve assessments) and where ,
ecosystem components nnportant for food or
habltat are or may be exposed resultmg in

Must the stressor be taken_ up into a

. receptor for adverse effects to occur?

What characteristics of the receptors will

iinfluence the extent of contact or co-
occurrence? . - . ,

- Will abiotic characteristics of the

environment influence the extent of

1mpacts to the valued entity (e.g., see ﬁgure -contact or co-occurrence?

D-2). Exposure can be described in terms of e e S .
* Will ecosystem processes or community- -
level interactions influence the extent of

contact or co-occurrence‘7 '

- stressor and receptor co-occurrence, actual

stressor contact with receptors, or stressor

_uptake hy areceptor. The terms in which )
exposure is described depend on how the stressor causes adverse effects and how the stressoré
response relationship is descnbed Releva.nt questions for examining contact or co-occurrence
are shown i in text box 4-9. B

Co-occurrence is partlcularly useful for evaluatmg stressors that can cause effects vmthout

"phys1ca11y contactmg ecological receptors. Whooping cranes provide a case in point: they use
sandbars in rivers for their resting areas, and they prefer sandbars with unobstructed views.

* Manmade obstructions such as bndges can interfere with restmg behavior w1thout ever actually

g contactmg the birds, Co-occurrence is evaluated by companng stressor dlstnbutlons with that of

| the receptor. For mstance stressor location maps may be overlaid with maps of ecologlcal
receptors (€. g bndge placement overlaid on maps showing historical crane resting habitat). Co- |

occurrence ofa blologlcal stressor and receptor may be used to evaluate exposure when for

@
P
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‘ ‘example, mtroduced spec1es and natlve spec1es compete for the same resources. GIS has

Most stressors

@wf‘;contact ﬂood

i = For chemicals, contact is quantl‘ das
the amount of a chemlcal ingested, mhaled or

‘matenal apphed to the skm (potentlal

an“envn'onmental concentratlon, with the

assump thnS ﬂlat the Chemlcal 1S well mlxe d R

or that the brgamsm moves randomly through | Where:

‘parameters descnbmg the contact rate

\”solvents) the b loglcal membrane‘ (mtegnty;

dose). Inits sxmplest form, it is quantlfied as |

ntammant concentranons thh assumphons

Text Box 4-10. Example of an Exposure
Equatlon' Calculating a Potential Dose
via Ingestion

ADDP;; (C, x FR, x NIR)

ADD,,, = Potential average daily dose
(e.g., in mg/kg-day)
C, - = Average contaminant
concentration in the k¥ type of
o food (e.g., in mg/kg wet weight)
FR, = Fraction of intake of the k" food
- type that is from the
contaminated area (unitless)
NIR, = Normalized ingestion rate of the
k™ food type on a wet-weight
basis (e.g., in kg food/kg body-
: weight-day).
m = Number of contaminated food
types

Note: A similar equation can be used to
calculate uptake by adding an absorption
factor that accounts for the fraction of the
chemical in the k™ food type that is absorbed
into the organism. The choice of potential
dose or uptake depends on the form of the
stressor-response relationship.

Source: U.S. EPA, 1993b.
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permeability), and the organism (sickness, .

active uptake) (Suter et al.; 1994). Because of

" interactions between these four factors,
‘uptake will vary on a ‘situation-speciﬁc basis.

Uptake is usually assessed by modifying an ..

estimate of contact with a factor indicating

the proportion of the stressor that is available

for-"uptake (the bioavailable fraction) or
actually absorbed. Absorption factors and

* bioavailability measured for the chemical,

ecosystem and orgarﬁsm of interest are v

: preferred Internal dose can also be evaluated
by using a pha.rmacokmetrc model or by
measuring biomarkers or residues in receptors
. (see text box 4-11). Most stressor-response*
vre'lations‘hips express the amour_lt of stressor m

. terms of media concentration or potential

- dose rather than internal dose; this limits -th‘e :

utility of uptake estimates in risk calculations.

However, biomarkers and tissue residues can -
provide valuable confirmatory evidence that
exposure has occurred, and tissue residues in
prey organisms can be used for estimating‘
risks to their predators. ‘

Text Box 4-11. Measuring Internal Dose . .

‘Using Biomarkers and Tissue Residues

" | Biomarkers and tissue residues are

particularly useful when exposure across
many pathways must be integrated and when -
site-specific factors influence bioavailability.

' They can also be very useful when

metabohsm and accumulatlon kinetics are
important, although these factors can make

| interpretation of results more difficult
"I McCarty and Mackay, 1993). These

methods are most useful when they can be

quantitatively linked to the amount of
- stressor originally contacted by the organism.
| In addition, they are most useful when the

stressor-response relationship expresses the

‘amount of stressor in terms of the tissue
residue or biomarker (van Gestel and van .

Brummelen, 1996). Standard analytical
methods are generally available for tissue

‘ residues, making them more readily usable
.for routine assessments than biomarkers.
| Readers are referred to the review in

Ecotoxicology (Vol. 3, Issue 3, 1994),
Huggett et al. ( 1992), and the debate in
Human Health and Ecological Risk

‘Assessment (Vol. 2, Issue 2, 1996).

“The charactenstlcs of the ecosystem and receptors must be consrdered toreach

‘appropriate conclus10ns about exposure. Abiotic attributes may increase or decrease the amount

‘of a stressor contacted by receptors. For example, naturally anoxic areas above contaminated

" sediments in an estuary may reduce the time bottom-feeding fish spend in contact with sedir‘néhts

and thereby reduce their exposure to contaminants. Biotic interactions can also influence

exposure. For example, competition for high-quality TESOUrces may force some organisms into

disturbed areas. The interaction between exposure and receptor behavior can influence both

initial and subsequent exposures. Some chemrcals reduce the prey’s ability to escape predators

. for instance, and thereby may mcrease predator exposure to the chemical as well as the prey’s

’ nsk of predatron Alternatively, orgamsms may avoid areas, food or water: w1th contammatron

6




 they can detect. While avoxdance can reduce exposure to chermcals, it may increase other nsks
by altering habltat usage or other behav1or ‘

Three dlmensmns should be consrdered when estrmatmg exposure mtens1ty, ’ume and

" per unif area.
" The temp0ra1 dimension of exposure has aspects of duratlon, frequency, and ti mung

Duratlon can be expressed as the tlme over wh1ch exposure occurs, some threshold mtensrty is =
‘ t ‘ "screte events of about the

same duratlon, frequency is the 1mportant temporal dimension of exposure (e.g., the. frequency of SE
~high-flow events in streams). If the repeated events have significant and vanable durations, both

m‘atron and ﬁ‘equency should be consrdered In addltlon the tumng of exposure, mcludmg the

exposures because the effect
~of concern was acute lethahty “(Houseknecht 1993) Because toxrcologlcal tests are usually

' conducted using constant exposures, the most reahstlc compansons between exposure and effects
" are made when exposure in the real world does not vary substantlally In these cases, the =

arithmetic average exposure over the time penod of toxxcologlcal s1gmﬁcance is the appropriate

statistic (U S. EPA, 1992b). However, as concentrations or contact rates become more ep1sod1c

or variable, the arithmetic average may not reflect the toxicologically s1gmﬁcant aspect of the
~exposure pattern. In extreme cases, averaging may not be appropriate at all, and assessors may

~needtouseat

xpanded the op tions for analyzmg and presentmg 1ihe spat1a1 dnnensron of eXposure (eg, o
‘Pastorok et al., 1996) “
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The results of exposure analysrs are summanzed in the exposure proﬁle whlch is
dlscussed in the next section. ‘ ' :

s

422, Exposure Profile t :

’ The final product of exposure analysrs is an exposure proﬁle Exposure should be
described in terms of mtensrty, space and time in umts that can be combined with the eﬁ'ects
assessment. The assessor should summanze the paths of stressors from the source to the

o receptors eompletmg the exposure pathway Dependmg on the nsk assessment, the profile may

bea written document or a module of a larger process model. In any case, the objective is to
ensure that the information needed for- nsk charactenzatlon has been collected and evaluated In
addltlon compiling the exposure proﬁle provrdes an opportumty to venfy that the unportant
exposure pathways identified in the conceptual model were evaluated.

The exp osure proﬁle 1dent1ﬁes the - ‘Text Box 4-12. Questions Addressed by

receptor and describes the exposure pathways the Exposure Proﬁle L

~ and intensity and spatral and temporal extent

. . 9 .
of co-occurrence or contact. It also descnbes. How does CXp osure occur.‘ -

the 1mpact -of variability and uncertamty on. |, Whatis exposed?

_ exposure estimates and reaches a conclusron :
. ‘How much exposure occurs? When and .

. about the likelihood that éxposure wrll occur - -
,where does it occur‘7

. (see text box 4-12). ( _
X The profile should describe the | * How does exposure vary?
: applicable exposure pa’thways' If exposure o '

can occur throu gh many pathways, it may be - How uncertain are the exposure estimates?

. useful to rank them, perhaps by contribution . | What is the- hkehhood that exposure wrll
to’total exposure. As an 1llustratlon consrder T 006111“’ . :

an assessment- of risks to grebes feeding in a ‘ B =
mercury-contammated lake The grebes may be exposed to methyl mercury in fish that '
originated from hrstoncally contaminated sediments. They may also be exposed by dnnkmg
lake water, but comparing the two exposure pathways may show that the fish pathway
contnbutes the vast majority of exposure to mercury. co
7 The profile should 1dent1fy the ecologlcal entity that the exposure estimates represent
~For example, the exposure estimates may descnbe the local populatlon of grebes feedmg ona -
specific lake during the summer months. ‘ o

- The assessor should explam how each of the three general dlmensmns of exposure v
(mtensrty, ume and space) was treated Contmumg ‘with the grebe example, exposute might be |
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pending on receptor attributes
) or stressor levels For mstance, the exposure may be higher for grebes eating a larger proportion
of bigger, more contaminated fish. Vanabrhty can be descnbed by usmg a distribution or by

* “describing where a point estimate is expecte to fall on a distribution. Cumulatlve-dlstnbutlon o

functions (CDFs) and probabrhty-dens1ty functions (PDFs) are two common presentation
_formats (see Appendix B, figures B-1 and B-2) Figures 5-3 to 5-5 show examples of cumulatrve

.. frequency plots of exposure data. The pomt estrmate/descnptor approach is used when there is

not enough information to describe a distribution. Descriptors discussed in U.S. EPA, 1992b, are
o ;L“Jrecommended, including central tendency to refer to the mean or medran of the dlstnbutron, hzgh’ _
end to refer to e posure estxmates that are expected to fall between the 90th and 99. 9th percentrle
of the exposure thstnbutlon, and boundzng estzmates to refer to those hlgher than any actual -
The exposure profile should summarize unportant uncertainties (e.g., lack of knowledge,
see section 4.1.3 for a dlscussmn of the drfferent sources of uncertamty) In partlcular, the

- assessor should

Identify key assurnnﬁons and describe how they were handled

Uncertamty about a quantlty s true value can be shown by calculatlng error bounds ona
point estimate, as shown in figure 5-2.-
- All of the above inf tlon is synthesrzed to reaeh a conclusron about the hkehhood that




4.3. CHARACTERIZATION OF ECOLOGICAL EFFECTS _

To charactenze ecologlcal effects the assessor describes the effects elicited by a stressor
links them to the assessment endpomts and evaluates how they change with varying stressor
levels. The charactenzatlon begins by evaluating effects data to spec1fy the effects that aré
. elicited, venfy that they are con51stent with the assessment endpomts and. conﬁrm that the
condltlons under which they occur are consistent with the conceptual model. Once the effects of :
-~ interest are identified, the assessor conducts an ecologlcal response analysis (section 4.3.1),
evaluatmg how the magmtude of the effects change with varying stressor levels and the evidence
 that the stressor causes the effect, and then linking the effects with the assessment endpomt
Conclusmns are summanzed ina stressor-response profile (sectron 4. 3.2). .

4.3.1. Ecologlcal Response Analysis

Ecologlcal response analysis examines three primary elements the relationship between
V stressor levels and ecologlcal effects (sectlon 4.3.1.1), the plau51b1hty that effects may-occuror - |
- are occurnng as a result of exposure to stressors (sectlon 43.1 .2), and hnkages between :
measurable ecological effects and assessment endpoints when the latter cannot be d1rectly
measured (sectlon 4. 3 1.3). '
4 3.1. l Stressor-Response Analyszs

To evaluate ecolog1ca1 risks, one must understand the relationships between stressors and

“ resulting responses. The stressor-response relationships usedina particular assessment depe_nd

~ on the scope and nature of the ecological risk assessment as defined in problem formulation and.f
reﬂected in the analysxs plan. For example, an assessor may need a point estimate of an effect
- (such as an LCso) to compare with point estimates from other stressors. The shape of the
stressor-response curve may be needed to determme the presence or absence of an effects
threshold or for evaluatmg mcremental risks, or stressor-response curves may be used as 1nput
for effects models. If sufficient data are available, the risk assessor may construct cumulatWe
distribution functions using multiple-point estimates of effects Or the assessor may use process

. models that already incorporate empmcally derived stressor-response relat1onsh1ps (see sectlon

4 3.1. 3). Text box 4-13 prov1des some quest1ons for stressor-response analys1s

This section describes a range of stressor-response approaches available to risk assessors
followmg a theme of vanatlons on the classical stressor-response relatlonshlp (e. g figure 4-2).
More complex relationships are shown in figure 4-3, which 111ustrates a range of projected
_responses of zooplankton populatlons to pest1c1de exposure based on laboratory tests. In field
stud1es? the complexity of these responses could increase even further, considering factors such
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as potennal mdlrect effects of pestlcldes on

- zooplankton populanons (e g competmve

pattems‘ can also occur at thgher‘ levels of -

mteractlons be een spec1es)‘ More complex |

 respond to stressors with abrupt shifts to new

- community or system types (Holling, 1978). |
In simple cases, one response variable

“ ‘(e £. mortahty, mcldence of abnormalltles) is
"‘jﬂ:\analyzed and most quantitative techniques

" have been developed for umvanate analy51s
o If the Tesponse of interest 1s composed of

many md1v1dual vanables (e g spec1es N

Text Box 4-13. Questions for Stressor-
Response Analysns

¢ Does the assessment require point
estimates or stressor-response curves?

'-j Does the assessment require the

establishment of a “no-effect” level?

e Would cumulative effects distributions be

useful?

e« Will analy'ses be used as input to a process

model?

a: Stressor-response curves

F. (e.g., dose-% mortality)
S 90—
©
=
[@)
£
R
o 50—
L
(]

[72]
c
o
Q.
o
10—

b: Point estimates
(e.g., LDy, LD, LDg,)

Intensity of stressor (e.g., dose)

Figure 4-2. A simple example of a stressor-response relationship. Substantially
more complex relationships are typical of many ecological risk assessments, given
the range of stressors, endpoints, and environmental situations often encountered.




Response

(intrinsic rate of population increase [ |

Intensity of Stressor - -
(pesticide concentration). :

_Figure 4-3 Variations in stressor-response relatlonshlps. These curves xllustrate
range of responses to pesticide exposure of the intrinsic rate of increase of .
- zooplankton populations (adapted from Schmdler, 1987).

1

‘abundances in an aquatic community),

. multivariate techniques may be useful. ‘These
have a long history of use in ecology (see -~ -
texts by Gauch, 1982; Pielou, 1 984; Ludwig -

and Reynolds, 1988) but have not yet been
extensively applied in risk assessment. 'While

quantifying stressor-response relationships is .

~ encouraged, qualitative evaluations are also
. possible (text box 4-14).

Stressor-response relationships can be "

described using intensity, time, or space.
~ Intensity is probably the most familiar of

these and is often used for chemicals (e.g.,
dose, concentration). EXposmje duration is
also commonly used for chemical stressor-

Text Box 4-14. Qualitative Stressor-

Response Relationships

The relationship between stressor and -
response can be described qualitatively, for
instance, using categories of high, medium,
and low, to describe the intensity of response

_given exposure to a stressor. For example,

Pearlstine et al. (1985) assumed that seeds

| would not gerrinate if they were inundated
with water at the critical time. This stressor-

response relationship was described simply
as ayes or no. In most cases, however, the
objective is to describe quantltatlvely the

| intensity of response associated with

exposure, and in the best case, to describe

. how intensity of response changes. w1th

mcremental increases in exposure.
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H ”1‘;propagules per umt of substrate) may be related to symptoms ina host (e g lesions per area of
leaf surface, total number of plants infected) or actual signs of the pathogen (asexual or sexual
fruiting bodies, sclerotia, etc.). For other biological stressors such as mtroduced species, sunple

' Data from individual eg(penm ts
‘with and without associated uncertainty

Lo stressor-response relationships may be inappropriate.
be used to develop curves and point estlmates both
ates (see ﬁgures 5-2 and 5-3) The advantages of

curve-fitting approaches include using all of the available expenmental data and the ability to

interpolate to values other than the data pomts measured. If extrapolatlon outside the range of

cxpenmental data is reqmred risk assessors should Justlfy that the observed expenmental

]rclatlonshxps remam va.hd A d1sadvantage of curve ﬁttlng is that the number of data pomts

ulred to complete

. ‘ﬁttmg analyses to determme partlcular levels

of effect. These point estimates are
mterpolated from the ﬁtted lme Pomt '
‘estlmates may be adequate i

* assessments o;

| assessment was 1dent1ﬁed dunng the planmng : “

(text box 4-15) are frequently selected

because the level of uncertamty is minimized

example whﬂe standard

Text Box 4-15. Median Effect Levels

Median effects are those effects elicited in .

1 50% of the test organisms exposed to a
| stressor, typically chemical stressors.

Median effect concentrations can be
expressed in terms of lethality or mortality
and are known as LCs, or LDs,, depending on
whether concentrations (in the diet or in_
water) or doses (mg/kg) were used. Median
effects other than lethality (e.g., effects on |
growth) are expressed as ECs, or EDs,. The

- .| median effect level is always associated with

a time parameter (e.g., 24 or 48 hours).
Because these tests seldom exceed 96 hours,

‘ : oy o | their main value lies in evaluating short-term
P hase (See sectlon 2. ‘Median effect leve}s . .| effects of chemicals. Stephan (1977)

discusses several statistical methods to
estimate the median effect level.




T at the rmdpomt of the regressmn curve. Whilea 50% effect level for an endpomt such as -
survival may not be . appropriately protecnve for the assessment endpoint, median effect levels '
can be used for prehmmary assessments or t:omparatlve purposes, espec1a11y ‘when used in

T combmatlon w1th uncertamty modlfymg factors (see text box 5-3). Selection of a d1ﬁ°erent effect

level (10%, 20%, etc.) can be arbltrary unless there is some clearly deﬁned benchmark for the-
assessment endpoint. Thus, it is preferable to carry several levels of effect or the -entire stressor-
. response curve forward to risk est1mat10n ' '

. 'When risk assessors are partlcularly mterested in effects at lower stressor levels they may
seek to establish “no-effect” stressor levels based on compansons between expenmental _ o
treatments and controls. Statistical hypothe51s testing is frequently used for this purpose. (N ote
that statistical hypotheses are deferent from the nsk hypotheses discussed in problem _
formulatlon see text box 3- 12) An example of this approach for deriving chemical no-effect

lovelsis provided in text box 4-16. A feature [T T Fifeet Lovels Derived
of statistical hypothesis testing is that the risk From Staﬁsﬁcal Hypothesis Testing

assessor is not required to pick a partlcular

Statlstrcal hypothes1s tests have typically

eﬁ'ect level of concern. The no-effect level i is .
been used with chronic toxicity tests of -

determined instead by experimental . - chemical stressors that evaluate multiple
condltlons such as the number of rephcates as .| endpoints. For each endpoint, the objective
 well as the variability inherent in the data. is to determine the highest test level for

which effects are not statistically different '

o , e | from the controls (the no-observed-adverse-
effect detectable in the experiment (i.e., its effect level, NOAEL) and the lowest level at
“power) in addition to reporting the no-effect .~ | which effects were statistically significant -

' ' from the control (the lowest-observed-

. . adverse-effect level, LOAEL). Therange -

- that it is difficult to evaluate effects - " | between the NOAEL and the LOAEL is
associated with stressor levels other than the | sometimes called the maximum acceptable

| toxicant concentration, or MATC. The

o ‘ o , ) MATC which can also be reported as the

~ (Stephan and Rogers, 1985; Suter, 1993a) geometric mean of the NOAEL and the
have proposed using regression analysis asan | LOAEL (i.e., GMATC), provides a useful

' ' reference with which to compare toxmltles of

vanous chenncal stressors

Thus it is important to consider the level of
level. Another dravvback of this approach is
actual treatments tested. Several investigators

alternative to statistical hypothesis testing.
In observational field studles

statlstlcal hypothesis testmg is often used to Reportmg the results of chronic tests in terms
 compare site conditions with a reference ' - { of the MATC or GMATC has been widely
used within the Agency for evaluating

. v | pesticides and industrial chemicals (e.g., .
conclusions from these types of studies - {'Urban and Cook, 1986; Nabholz, 1991).
(which frequently cannot employ replication) ‘ :

site(s).” The difficulties of drawing proper

\
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-.have been discussed by many mvestlgators (see section 4.1.1). RlSk assessors should examine
" whether sites were carefully matched to minimize differences other than the stressor and consider
- whether potential covariates should be included in any analysis. In contrast with observational '
studies, an advantage of experimental field studies is that treatments can be rephcated increasing
- the confidence that observed differences are due to the treatment.
Experimental data can be combmed to generate multlple-pomt estlmates that canbe
igure 5-5 shows an example for specres

displayed as

5S) for freshwater algae (and one vascular |
plant spccles) exposed to an herb1c1de These distributions can help identify stressor levels that
“affect a minority or ma_)onty of specres A lumtmg factor in the use of cumulative frequency
dlstnbutlons is the amount of data needed as input. Cumulatlve effects dlstnbutlon functions can
om models that use Monte Carlo or other methods to generate dlstnbutlons

1 based on measuredor estlmated vanatlon in mput parameters for the models.

) When multlple stressors are present ‘stressor-response analysis is particularly
challengmg Stressor-response ‘relationshiy ps can be constructed for each stressor separately and
. then coxnbmed. Altematrvely, the relatlonshrp between response and the suite of stressors can be

1986b]), but itis 1mportant to consider the relatlonshxp between the samples tested and the

potentlal spatial and temporal variability in the mixtute. The approach taken for multiple

stressors depends on the feasibility of measuring them and whether an objective of the

assessment is to project different stressor combmatlons o |

M “ “ ultiple regression analys1s can be used to empmcally relate mult1p1e
stressors to a response. Detenbeck (1994) used this approach to evaluate change in the water

“" quality of wetlands resulting from multiple physical stressors. Multiple regression analysis can
be difficult to interpret if the explanatory variables (i.e., the stressors) are not mde_pendent
Principal components analysis can be used to extract independent explanatory variables formed

- from linear combinations of the ofxiginal variables (Pielou, ‘1984)‘-

g

4 3 1.2 Estabhshmg Cause-and-Ejfect Relatwnshtps (Causaltty)
= -~Ca is the relatlonshlp between cause (one or more stressors) and effect (response to
' the stressor[s]) Wlthout a sound basis for linking cause and effect uncertainty in the - ‘
conclusions of an ecological risk assessment is likely to be h1gh Developmg causal relatlonshlps
<. is especially important for risk assessments driven by observed adverse ecological effects such as ’
* bird or fish kills or a shift in the species composition of an area. This section describes




_ con51derat10ns for evaluatmg causahty based on cntena developed by Fox (1991) pnmanly for
' observational data and additional criteria for expenmental evaluation of causahty modlﬁed from
, VKoch’s postulates (e.g., see Woodman and Cowling, 1987) ‘
' Evidence of causality may be derived from observatlonal evidence (e g., bird kills are
- associated w1th field application of a pestlclde) or expenmental data (laboratory tests with the
pest1c1des in questlon show bird kllls at levels similar to those found in the field), and causal .
|  associations can be strengthened when both types of mformatlon are available. ‘But since not all
situations lend themselves to formal expenmentatlon sc1ent1sts have looked for other criteria, o
,based largely on observat1on rather than expenment to support a plaus1ble argument for cause -
“and effect.  Text ‘box 4-17 provides cntena based on Fox (1991) that are very similar to others
rev1ewed by Fox (U.S. Department of Health, Educatlon and Welfare 1964; Hill, 1965; Susser o

v 1986a, b). Wlule data to support some Text Box 4-17. General Crltena for

* criteria may be incomplete or missing for any | Causality ( Adapted From Fox, 1991)

‘given assessment, these criteria offer a useful . S ‘ »
way to evaluate available mformatlon Criteria strongly afﬁrmmg causality:
. The strength of association between 's Srength of dssociation N
stressor and response is often the main reason | . o o
that adverse effects such as bird kills are * Predictive performance- :

' lmked to p ecific events or actlons A ° Demonstratlon ofa stressor-response (

stronger response toa hypothe31zed cause is relatlonshlp

-more likely to mdlcate true causation. ) L.
Additional strong- ev1dence of causation is ) Con51stency of association. .

when a response follows after a change in the 'Cntena providing a basns for rej ectmg
hypothesized cause (predlctlve performance). ‘ causahty

The presence of 2 biological gradient ) N
' T . Inconmstency in association -
or stressor-response relationship is another T ) o

- important criterion for causalityl The - . Temporalinlcompatibility :
stressor-response telaﬁonship need notbe ' VVF ‘ tual i molausibili S
linear. It can be a threshold, 51gm01dal or. | , tmpausiiity

parabohc phenomenon but in any case it is ‘Other relevant ¢ﬁteﬁa:

important that it can be demonstrated ' L o -
Bllolog1cal gradients, such as effects that = ‘ S_Pe°1ﬁ°,ﬂy of association .

7

decrease with distance from a toxic discharge, | « Theoretical and biologic'al plausibility |

s

are ffe'quently used as evidence of causality.
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| "stressors, ‘the usal evaluations p: same disease symptoms must be

”assoclanon) prowdes strong evidence of causa.llty Consistency may be shown bya greater
number of instances of association between stressor and response, ¢ occurrences in dlverse

: uj‘adds that in ecoepxdemlology, an association’s occurrence in more than one species and
population is very strong evidence for causation. An example would be the many bird specles ‘
~ “killed by carboﬁ.tra.n applications (Houseknecht, 1993) Fox (1991) also belleves that causahty is

t dxﬁ’erent times. ‘
Conversely, mcons ency m assoclatlon between slressor and response is strong ev1dence

~the effect) and incompatibility with experimental or observatlonal ev1dence (factual
mplausxblhty) are also indications against a causal relatlonshlp

“Two other criteria 1 may be of some help in defining causal relatlonshxps speclficlty of an
association and probability. ‘The more specific or dlagnostlc the effect, the more hkely itisto
have a consistent cause. However, Fox (1991) argues that effect specificity does little to
strengthen a causal claim. Disease can have multiple causes, a substance can behave differently
m‘dlfferent ironments O veral d1fferent effects, and biochemical events may e11c1t

“many biological responses But in general, thewmore speclﬁc or locéhzed the effects, the easwr it

*'is to identify the cause. Sometimes, a stressor

. may have a distinctive ncode of action that Text Box 4-18. Koch’s Postulates (Pelczar
- suggests its role. Yoder and Rankin (1995) and Reid, 1972) .

found that patterns of change observed in fish

i

e A pathogen must be consistently found in

and benthic invertebrate communities coulcl | association with a given disease.

serve as indicators for diﬁ’erent types of

anthxopogemc 1mpact (e . nutnent ‘ The pathogen must be isolated from the

host and grown in pure culture.
 enrichment vs. toxicity). ost and grown In pure e.

+ For some pathogenic b1010g1ca1 | » When inoculated into test animals, the

Koch (see text box 4:-18) may v be useful. expressed.

~ chemicals, ?‘?mef?l_f{gh?f? have sltl‘“ghtly ) . The pathogen must again be isolated from
‘ ” CEm o e o | the test organism. .




"modified Koch’s postulates to prbvideevidence of causality (Su:ter, 1993a).- The modiﬁcations— are:

. The injury, dysfunctlon or other putatlve effect of the toxicant must be regularly

assoc1ated with exposure to the toxicant and any contnbutory causal factors.
. v Indicators of exposure to the toxicant must be found in the affected organisms.

e The toxic.effects must be seen when orgamsms or commumtres are exposed to the -
 toxicant under controlled conditions, and any contributory factors should be
mamfested in the same way dunng controlled exposures. R

e .. Thesame mdrcators of exposure and effects must be 1dent1ﬁed in the controlled
exposures as in the field. '
) These modlﬁcatlons are conceptually 1dent1ca1 to Koch’s postulates Wthe useful this -
~ approach may not be practlcal if resources for experimentation are not available or if an adverse " ,
effect may be occurring over such a wide spatlal extent that expenmentatron and correlatron may
prove difficult or yield- eqmvocal results B ‘
» " Woodman and Cowlmg (1987) provide a specrﬁc example ofa causal evaluatlon They

proposed three rules for establishing the effects of airborne pollutants on the health and ‘
- productrvrty of forests: ¢y the injury or dysfunctron symptoms observed in the case of
individual trees in the forest must be associated consrstently with the presence of the suspected
causal factors, (2) the same injury or dysﬁmctron symptoms must be seen when healthy trees are
-exposed to the suspected causal factors under controlled conditions, and (3) natural vanatlon in .
resrstance and susceptlblhty observed in forest trees also must be seen when clones of the same .
_ trees are exposed to the suspected causal factors under controlled conditions.’ ) '

. Expenmental techmques are frequently used for evaluatmg causahty in complex chemical
mixtures. Options mclude evaluatmg separated components of the mixture, developmg and

" testing a synthetic mixture, or determining how a mlxture s tox101ty relates to that of mdrvrdual

components The choice of method depends on the goal of the assessment and the- Tesources and
test data that are avarlable ‘ o . . . .

- Laboratory toxicity 1dent1ﬁcatlon evaluatrons (TIEs) can be used to help detenmne wh1ch
components of a chemical mixture. cause toxic effects. By using fractionation and other methods
the TIE approach can help 1dent1fy chemlcals respon51ble for toxicity and show the relatlve
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sedunents (e 2., Ankley etal., 1990)

n aqueous effluents (U.S. EPA, 1“98‘:‘8a, 168'9‘1)‘,‘ é)‘ and

Risk assessors may utilize data from' synthetlc chem1ca1 mlxtures if the individual

chemical components are well characterized. This approach allows for mampulatlon of the

rmxture and mvestlgatlon of how varymg the components that are present or their ratios may

affect m1xtur
eﬁ'ects of the

bout the relatlonshlp between “
e (See sectlon 5.1 3 for .

4'3 13. Lmk"‘g Measures 0f Eﬁ’ect to Assessment En pomts e

of effect through nsk esnmatxon (m nsk
charactenzatxon) and then connect them

cxtrapolatxons used to lmk measures of effect
.with assessment endpomts are shown in text o

4.3.1.3 1 General Constderatwns ‘Dunng o

-of effect. Dunng the analysxs phase nsk

‘assessors should revisit the questions listed in
- lext box 4-20 before proceeding with specific

extrapolatlon approaches
: ERNEFEN L N L A

‘The nature of the nsk assessment and

the type and amount of data that are avallable “ e From data collected over a short time frame '

largely determine how conservative a

Assessment endpomts express the envuonmental values of concern for a nsk assessment v

Text Box 4-19. Examples of
Extrapolations To Link Measures of Effect
to Assessment Endpoints

Every risk assessment has data gaps that
should be addressed, but it is not always
possible to obtain more information. When
there is a lack of time, monetary resources, or.
a practical means to acquire more data, ‘
extrapolations such as those listed below may
be the only way to bridge gaps in available
data. .Extrapolations may be: o

* Between taxa (e.g., bluegﬂl to rambow -
trout) :

| * Between responses (e.g., mortality to -

growth or reproduction)

« From laboratory to field

» Between geographic areas

» Between spatial scales

to longer-term effects




assessment wﬂl be The early stages of a Text Box 4-20. Questlons Related to

tiered risk assessment typlcally use '_ - .Selectmg Extrapolatlon Approaches

conservative estlmates because the data

: R o
needed to adequately assess exposure and “How spec1ﬁc is the assessment endpomt i

: ‘eﬁ‘ects are usually lackmg When a nslc has | * Does the spatial or temporal extent of
been 1dent1ﬁed subsequent tiers use .| = exposure suggest the need for addltlonal h
additional data to address the uncertamtles T eceptor S or extrapolation models?

~ that were incorporated into the m1t1a1 | _' . Are the quantlty and quality ofthe data
: assessment(s) (see text box 2- 8) : ' available sufficient for planned '
‘The scope of the risk asséssment also 1 extrapolat;ons and models? ‘
influences extrapolatlon through the nature of |, Is the proposed extrapolation technique

the assessment endpoint. Preliminary D cons1stent with ecological mformatlon‘7 '

assessments that evaluate risks to general - '
'3 How much uncertamty is acceptable‘7

trophlc levels such as herblvores may -

fextrapolate between dlfferent generaor _
families to obtain a range of sensmvxty to the stressor On the other hand, assessments concerned
with management strategies for a particular species may employ population models.

Analy51s phase activities may suggest addltlonal extrapolatlon needs: Evaluation of
exposure may mdlcate different spatial or temporal scales than ongmally planned If spatial.
scales are broadened, additional receptors may need to be mcluded in extrapolation models. If a

‘ stressor persists for an extended time, it may be necessary to extrapolate short-term responses °

* . “over a longer exposure penod and populatlon-level effects may become more nnportant 5

' Whatever methods are employed to link assessment endpomts w1th measures of effect, itis
unportant to apply them in a manner consistent w1th sound ecologlcal pnnc1p1es and use enough

' ‘ appropnate data. For example itis mappropnate to use structure-activity relatlonsh1ps to predict -

- toxicity from chemlcal structure unless the chemical under consideration has a sumlar mode of
tox10 action to the reference chemicals (Bradbury, 1994) Snmlarly, extrapolatlons between two
spec1es may be more credible if factors such as similarities in food preferences body mass, '
phys1010gy, and seasonal behavior (e.g., matmg and mlgratlon habits) are cons1dered (Sample et .

“al., 1996). Rote or blologlcally implausible extrapolatlons wﬂl erode the assessment’s overall

‘ cred1b111ty \ S o

Fmally, many extrapolatlon methods are lumted by the ava.llablhty of suitable databases

Although many data are avallable for chemical stressors and aquatic specles they do not exist for

all taxa or effects. Chemlcal effects databases for wildlife, amphlblans, and reptlles are_

extremely hrmted and there is even less mformatlon on most blologlcal and physwal stressors
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1ated wﬂh extrapolatlons

The rest of thls section addresses the approaches used by nsk assessors to hnk measures

of eﬁ’ect to assessment en po’w ts as. oted below.

e Lmkages based on professmnal judgment. This is not as desirable as empiricai or
process-based approaches, but is the only option when data are lacking.

e ‘Lmkages base L on empln al or process models Empmcal extrapolatlons use
expenmental or observatlonal data that may or may not be organized into a
tabase Process-based approaches rely on some level of understandlng of the |

d rlymg operatlons of the system of mterest '

4.3.1.3.2. .}udgmént Approaches for Linking Measures of Effect to Assessment Endpoints
Professional-judgment approaches rely on the professxonal expertlse of risk assessors, expert
panels, or others to relate changes in measures of effect to changes in assessment endpoints.
They are essential when databases are madequate to support empmcal models and process
‘models are unavailable or inappropriate. Professronal-_]udgment lmkages between measures of
effect and assessment endpoints can be just as credible as empmcal or process-based
expressions, provided they have a sound sclentlﬁc basrs Thls section highlights professional-
Judgrnent extrapolatlons between specles from laboratory data to field effects, and between

:"geographxc areas.

P mm y ‘used For example, there
may be measures of eﬁ'ect data ona forelgn pathogen that attacks a certain tree species not found
in the United States, but the assessment endpomt concerns the survival of a commercially
important tree found only in the United States. In this case, a careful evaluatton and comparlson
of the life history and environmental requlrements of both the pathogen and the two tree species
may contribute toward a useful determination of potent1a1 effects, even though the uncertainty
may be high. Expert pane]s are typlcally used for this kind of evaluation (U SDA 1993)

RlSkS to.q rgamsms in field situations are best estimated from‘ studles at the s1te of |
7, tisk assessors must

asusefulasthedataon o




' situations for chemical stressors. Factors
altering exposure in the field are among the

most important factors limiting extrapolations

from laboratory test results but indirect -
effects on exposed orgamsms due to
predatlon competltlon, or other brotrc or
abiotic factors not evaluated in the laboratory
may also be significant.- Variations in direct

" chemical effects between laboratory tests and

field situations may not contribute as much to. -

the overall uncertainty of the extrapolation.
| In addition to smgle-specres tests,

, laboratory multiple-species tests are
sometimes used to predrct field effects.
While these tests have the' advantage of

‘ evaluatlng some aspects of a real ecologxcal
system, they also have inherent scale -
limitations (e.g., lack of top trophic levels)
and may not adequately represent features of
the field system nnportant to the assessment

' endpomt ‘ '

Extrapolations based on professronal
judgment are frequently required when '

~ assessors wish to use field data obtained from
one geographrc area and apply themtoa
different area of concern, or to extrapolate
from the results of laboratory tests to more
than one geographic region. In either case,
r'isk'assessors should consider variations

Text Box 4-21. Questions To Consider
When Extrapolating From Effects
Observed in the Laboratory to Field
Effects of Chemicals ,

Exposure factors:
» How will environmental fate and

transformation of the chemical affect -
exposure in the field? o

| * 'How comparable are exposure conditions

“and the timing of exposure?

K How comparable are the routes of

exposure?

+ - How do abiotic factors inﬂuence
bioavailability and exposure?

* How hkely are preference or avmdance
o behavrors" :

Effects factors:

e What is known aboiit the biotic and abiotic

factors controlling populations of the
organisms of concern?

. To what degree are cntlcal llfe-stage data
A available? :

. _How’ may exposure to the same or other -
~ stressors in the field have altered organism
sensitivity? |

between regions in envu'onmental conditions, spat1a1 scales and heterogeneltles and ecolog1cal

forcmg functions (see below)

Variations in env,lronmental conditions in different geographic regions may alter stressor

exposure and effects. If exposures to chemical stressors can be accurately estimated and are

expected to be 51m11ar (e.g., see text box 4-21), the same species in dlfferent areas may respond

rsu'mlarly F or example if the pestlclde granular carboﬁlran were apphed at compa.rable rates
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strcssor e>”cposure and effects can be substant1a1
- For brologlcal stressors, envuonmental conditions such as chmate, habrtat and suitable
hosts play maJor roles in determrmng whether a blologlcal stressor becomes estabhshed For

versus the natural habltat of the stressor is 1mportant Even so, many b1010g1ca1 stressors can

adapt readily to varying environmental condmons, and the absence of natural predators or
dlseases may play an even more important role than abiotic factors.
For physical stressors that have natural counterparts ‘such as fire, flooding, or

temperature vanatlons, eﬂ'ects may depend on the difference between human-caused and natural

. jj;;; vanattons in these parameters for aparttcular reglon Thus, the comparablhty of two reglons ’

land-cover patches, drstance between patches connect1 ‘ t;and conduct1v1ty of patches (e g .

mxgratlon routes), and patch shape may be 1mportant Extrapolatlons can be strengthened by

usmg appropnate reference sites, such as sites in comparable ecoreglons (Hughes, 1995).

al forcmg functrons may‘ differ between geogrgphlc regions. Forcing functlons
| Xert a major | mﬂ ience on the structure and function of

ecologlcal systems Examples mclude temperature ﬂuctuatlons, ‘tire frequency, light mtensrty,
and hydrologrc reglme Ifthese differ s1gmﬁcantly between srtes 1t may be mappropnate to
extrapolate eﬁ'ects from one system to another - '

Bedford and Preston (1988), Detenbeck etal. (1992) Gibbs (1993), Gilbert (1987)
m“‘\ 1 N

Gosselmle etal. (1990), Preston and Bedford (1988), and Risser (1“988) may be useful to risk
assessors concerned with effects in different geographical areas. ‘

4.3.1.3.3. Empirical and Process-Based Approaches for Lmkmg Measures of Effect to
Assessment Endpomts. A vanety of empirical and process-based approaches are available to
! and the data and resources available.

Emplncal and process-based approaches include numencal extrapolatlons between measures of
effects and assessment endpomts These lmkages range in sophlstlcatlon from applying an

uncertamty factor to usmg a complex ‘model requiring extensive measures of effects and
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measures of ecosystem and receptor charactenstlcs as input. But even the most sophlstlcated
quantitative models involve qualitative elements and assumptlons and thus require professional
judgment for evaluation. Individuals who use models and mtelpret their results should be
familiar with the underlying assumptlons and components contained in the model.

{4‘.3.1.3.3.71.‘ Empirical Approaches. Empirical approaches are der!ived from experimental data -
or observatlons Empirically based uncertainty factors or taxonomlc extrapolahons may be used-
when adequate effects databases ‘are available but the understandmg of underlymg mechanisms
of action or ecological principles is limited. When sufﬁcwnt information on stressors and
receptors is available, process-based approaches such as pharmacokinetic/phatmacodynamic ,
modeis or population or ecosystem process models may be used. Regardless of the options used,
nsk assessors should justify and adequately document the approach selected.

Uncertainty factors are used to ensure that measures of effects are sufﬁmently protective

of assessment endpomts Uncertamty factors are empirically derived numbers that are divided

- into measure of effects values to give an estimated stressor level that should not cause adverse
effects to the assessment endpoint. Uncertamty factors have been developed most frequently for

| chemicals because extensive ecotox1colog1c databases are available, espec1ally for aquatlc ‘

organisms. Uncertamty factors are useful when dec151ons must be made about stressors m a short

time and with little information. : )

Uncertamty factors have been’ used to compensate for assessment endpomt/effect
measures differences between endpoints (acute to chromc effects), between species, and between
 test situations (e.g., laboratory to field). ‘Typically, they vary inversely with the quantity and type
~ of measures of effects data available (Zeeman 1995) They have been used in screemng-level
assessments of new chemicals (Nabholz, 1991), in assessing the risks of pesticides to aquatic and
terrestnal organisms (Urban and Cook,. 1986) and in developmg benchmark dose levels for -
human health effects'(U.S. EPA, 1995c). ‘ ‘ o

Despite their usefulness uncertamty factors can also be misused, especlally when used in
" an overly conservative fashion, as when chains of factors are multiplied together without

sufﬁc1ent Justification. Like other approaches to bndgmg data gaps, uncertainty- factors are often
based on a combination of sciéntific analysis, scientific judgment, and policy judgment (see
section 4.1.3). It is important to differentiate these three elements when documenting the basis
 for the uncertainty factors used. S ’ ‘
Empirical data can be used to faclhtate extrapolatlons between species, genera, families,
| or orders or functional groups (e.g., feeding guilds) (Suter, 1993a). ‘Suter et al. (1983), Suter
( (1993a), and Barnthouse et al. (1987, 1990) developed methods to extrapolate toxicitybetween
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| mﬁ‘eshwater and marine fish and arthropods As Suter notes (1993a), the uncertalntles assoc1ated o
- . ry high However, one can
“ and genera w1thin famihes
Further apphcatrons of this approach (e 8- for chemlcal stressors and terrestnal orgamsms) are -
;l:lnmted by a lack of suitable databases. .

| " In addition to taxonomic databases, dose-scaling or allomemc regressmn is used to
extrapolate the eﬁ‘ects of a chemrcal stressor to another specres Allometry is the study of change .
% in the proportions of various parts of an organism as a consequence of growth and development. -
Processes that influence toxicokinetics (e.g., renal clearance, basal metabolic rate, food

- consumption) tend to vary across species according to allometric scaling factors that can be
expressed as a nonlinear function of body weight. These scaling factors can be used to estlmate

EPA‘ 19920, 1995d). Although allometric relationships are commonly used for human health nsk B
N assessments, they have not been apphed as extensrvely to ecological effects (Suter, 1993a). For

ore hkely the toxic response w111 be snmlar. Allomemc approaches should not

be applied to species that differ greatly in uptake, metabolism, or depuration of a chemical..

oces , Process models for exlrapolatlon are representatlons or
abstractions of a system or process (Starﬁeld and Bleloch, 1991) that mcorporate causal
relationships and provide a predictive capability that does not depend on the avallablhty of
mstmg stressor-response mformatlon as emplncal models do (W 1egert and Bartell, 1994)

Such models can be ‘used to evaluate risk hypotheses about the duratlon and seventy of a stressor
on an assessment endpoint that cannot be tested readrly in the laboratory.

There are two major types of models: single-species population models and multispecies
community and ecosystem models. Population models describe the dynamics of a finite group of
individuals through time and have been used extensively in ecology and fisheries management

.and to assess the impacts of power plants and toxicants on specific fish populations (Barnthouse
etal., 1987, 1990). They can help answer questions about short- or long-term changes of
population size and structure and can help estimate the probability that a population will decline

. below or grow above a specified abundance (Ginzburg et al., 1982; Ferson et al, 1989). The .




latter application may be useful when assessing the effects of biological.stressors such as
mtroduced or pest species. Barnthouse et al. (1986) and Wiegert and Bartell (1994) present
excellent reviews of population models. Emlen (1989) has reviewed population models that can
be used for terrestrial risk assessment. : s

4 Proper use of populatlon models reqmres a thorough understandmg of the natural hrstory
of the species under consideration, as well as knowledge of how the stressor mﬂuences its
blology Model input can include somatic growth Tates, physrologlcal rates, fecundlty, surv1va1
rates of va.nous classes within the population, and how these change when’ the populatlon is -
exposed to the stressor and other env1ronmental factors. In addition, the effects of populatron
den31ty on these parameters are nnportant (Hassell 1986) and should be considered in the
' uncertamty analysis. : - ' ' .

Commumty and ecosystem models (e. g Bartell et al 1992 O’Ne111 etal., 1982) are .
partlcularly useful when the assessment endpoint involves structural (e. g commumty
: compOsmon) or functional (e-g., pnmary productlon) elements. They can also be useful when
| secondary effects are of concern. Changes in-various commumty or ecosystem components such
as populatlons, functlonal types, feedmg guilds, or env1ronmental processes can be estimated.
‘By incorporating submodels describing the dynamlcs of mdrvrdual system components these
.. models perrmt evaluatlon of risk to multlple assessment endpomts within the context of the ,
ecosystem. o
“Risk assessors should detenmne the appropnate degree of aggregation.in populatron or

‘multispecies model parameters based both on the input data ava.llable and on the desired output
of the model (also see text box 4- 5) For example ifa dec1s1on is required about a partlcular
R species, a model that lumps spec1es into trophic levels or feedmg gmlds will not be very useful.

E Assumptlons concemmg aggregatlon in model parameters should be mcluded in the uncertamty

dlscussron

4, 3.2 Stressor-Response Profile . S | - - L
The final product of ecologrcal response analysis is a summary proﬁle of what has been ‘
_learned. This may be a written document or a module of a larger process model In any case, the
. objective is to ensure that the mformatlon needed for risk characterization has been collected and -
- evaluated. A useful approach in preparing the stressor-response proﬁle isto nnagme that it will
“be used by someone else to perform the risk charactenzatlon Proﬁle compllatlon also provrdes
an opportunity to verify that the assessment endpomts and measures of effect 1dent1ﬁed inthe -
' conceptual model were evaluated
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* Risk assessors should address several

Text Box 4-22. Questlons Addressed by
quesnons in the stressor—response proﬁle (text the Stressor-Response Profile -

What ecOlogical entities'are affected?

_;,trophlc Jevels, communities, ecosystems, of | + What is the nature of the effect(s)?
- landscapes. The nature of the effect(s) should | '

" be germane to the assessment endpomt(s) e What is the intensity of the effect(s)?

Thus ifa smgle spemes is affected, the effects‘ ‘- Where appropriate, what is the time scale

for recovery?

.} » What causal information links the stressor
with any observed effects?

‘should be reported as appropnate At the | « How do changes in measures of effects

commumty 1 4%‘1 offects may be summarized relate to changes in assessment endpoints?

in terms of structure or funiction depending on | « What is the uncertainty associated with the

. the assessment endpoint. At the Jandscape analysis?
© level, there be a suite of assessme

1. . endpoints, and each shouic eparately.

Examples of different approaches for dlsplaymg the mten51ty of effects were provided in

-~ section 4.3.1.1. Other information such as the spatial area or time to recovery may also be

: ‘appropnate Causal analyses are 1mportant especlally for assessments that include field
observatxonal data. | |

Idea.lly, the stressor-response proﬁle should express effects in terms of the assessment

endpomt, but this is not always possibl Where itis necessary to use qualitative extrapolatlons

* between assessment endpoints and me ‘stressor-response profile may contain
mformahon only on measures of effect. Under these cucumstances, risk will be estimated using

the measures ‘jo effects and extrapolatlon to the Wassessment endpomts w111 occur dunng nsk

L charactenmnon L

~Risk assessors need to clearly dehcrlbe any uncertamtles assoclated with the ecologlcal

response ana1y51s Iflt was necessary to extrapolate from measures of effect to the assessment _
i ‘ d its ba81s should be descnbed Snmlarly, 1f a benchmark or




. Van Leeuwen et al (1992) Wagner and Lokke (1991), and Okkennan et al (1993) Fmally, the ’
assessor should clearly describe major assumptlons and default values used in the models

- Atthe end of the analys1s phase the stressor-response and exposure profiles areused to
N estimate risks. These proﬁles prov1de the opportumty to review what has been learned and to -

s summanze this mformatlon in the most useful format for nsk charactenzanon ‘Whatever form

the proﬁles take they ensure that the necessary mformatlon is avallable for risk charactenzatlon
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5. RISK CHARACTERIZATION

Ny Rlsk ehgractenRUOn (ﬁgure 5 1) is the final phase of ecologlcal risk assessment and 1s “ |
jﬂ‘j‘the culmmatlon of the plannmg, problem formulatlon and analysis of predlcted or observed |
adverse ecologxcal effects related to the assessment endpomts &ompletmg nsk characterization =~
.allows risk assessors to clarify the relat10nsh1ps between stressors, effects, and ecological entmes

and to reach conclusmns regardmg the occurrence of exposure and the adver51ty of existing or |

i antxcxpated effects. Here, risk assessors first use the resulis of the analys1s phase to develop an
_estimate of the risk posed to the ecologlcal entities included in the assessment endpomts
~ identified in problem formulation (sectlon 5.1). " After estlmatmg the risk, the assessor describes

the risk estimate in the context of the sxgmficance of any adverse effects and lines of ev1dence

supportmg their likelihood (section 5.2). Flnally, the assessor 1dent1ﬁes and summanzes the

en and reports the conclus1ons to

Conclu sions presented in the risk charactenzatlon should prov1de clear mformanon to
«u:nsk managers in order to be useful for env1ronmental demsxon makmg (NRC 1994; see section
. If the risks e“ i o1 | decision, risk managers may
to proct ‘ sk assessment process.
r conductmg add1t10nal

process of mtegratmg exposure and effects data and evaluatlng any

5 1.1. Results of Field Observational Studies

Fleld observational studies (surveys) can serve as nsk estlmatlon techmques because they

tprowde empmcal ev1denoe lmkmg exposure to effects. Field surveys measure blologlcal
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Figure 5-1. Risk characterization.

changes in natural settings through collectlon of exposure and effects data for ecolog1ca1 entities

identified in problem formulation.” : ‘
A major advantage of field surveys is that they can be used to evaluate multlple stressors

and complex ecosystem relat10nsh1ps that cannot be rephcated in the laboratory F1e1d surveys -
are des1gned to delineate both exposures and effects (including secondary effects) foundin =~
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natural systems, whereas estimates generated

from laboratory studies generally delineate
either exposures or effects under controlled or
prescribed conditions (see text box 5-1).

~ While field studies may best represent

- reality, as with other kinds of studres the can
. “7| birds based on incidents of bird kills
*| following carbofuran applications. More

" be limited by (1) a lack.
in obtaumng representative samples or (3)

: of observed effects in a field survey may
occur because the rneasgrements lack the

section 4.1.1 for additional discussion of the
strengths and limitations of different types of

2d to be clearly Jartmulated when describing

‘ the results of surveys. A primary

‘qualification is whether a causal relatlonshlp‘ L

- i failure to measure critical components of the
‘system or random variations. Further, alack

Text Box 5-1. An Example of Field
Methods Used for Risk Estimation

| Along with quotlents companng field
.| measures of exposure with laboratory acute

toxicity data (see Text Box 5-3), EPA
evaluated the risks of granular carbofuran to

than 40 incidents involving nearly 30 species
of birds were documented. Although
reviewers identified problems with individual
field studies (e g., lack of appropriate control
sites, lack of data on carcass-search
efficiencies, no examination of potential
synergistic effects of other pesticides, and
lack of consideration of other potential
receptors such as small mammals), there was
so much evidence of mortality associated

| with carbofuran application that the study
'| deficiencies did not alter the conclusions of
| high risk found by the assessment

(Houseknecht, 1993).

‘between stressors and effects (sectlon 43.1 2) 1s supported Unless causal relatlonshlps are

carefully exatmned conclusmns about effects that are observed may be maccurate because the

effects are caused by factors unrelated to the stressor(s) ¢ of concern. In addltlon, field surveys

' taken at one pomt in time are usually not predictive; they descnbe effects associated only wﬁh

exposure scenarios assoc1ated wnh past and existing condmons

5.1.2. Categories and Rankmgs

In some cases, professmnal _]udgment or other qualltatlvemeyaluatlon techmques may be




_ Rankmg techmques can be used to
translate. quahtatlve judgment into a
mathematical comparison. These methods g

‘are frequently used in comparative risk
exercises. For example Harris et al. ( 1994)

" evaluated risk reduction opportunities in
Green Bay (Lake M1ch1gan) Wisconsin,

- employing an expert panel to compare the.
relative nsk of several stressors against 1 then"

"Text Box 5-2. Using Qualitative
_Categories to Estimate Rlsks ofan’

Introduced Specres

The importation of logs from Chile reqmred

| an assessment of the risks posed by the

potential introduction of the bark beetle, -
Hylurgus ligniperda (USDA, 1993). Experts

| judged the potentlal for colonization and

spread of the species, and their opinions were
expressed as high, medium, or low as to the

likelihood of .establishment(exposure) or
consequential effects of the beetle..
Uncertainties were similarly expressed. A
ranking scheme was then used to sum the

‘| individual elements into an overall estimate-
of risk (high, medium, or low). Narrative -
explanations of risk accompamed the overall
rankings. :

potentx_al effects, Mathematlcal analysis
based on fuzzy set theory was used to rank
the risk ffom each stressor from a number of
perspectives, i‘ncluding degree of imme‘diate
risk, duration of impacts, and preventlon and'
remedlatlon management. The results served

 fo rank potential environmental risks from .
. stressors based on best professronal Judgmegt.

5.1.3. Smgle-Pomt Exposure and Effects Compansons
o When sufficient data are ava11ab1e to quantlfy exposure and effects estlmates the simplest
: approach for comparmg the estlmates is a ratio (ﬁgure 5-2a) Typlcally, the ratio (or quotient) i is

‘expressed. as an exposure concentratlon divided by an effects concentration. Quotients are

commonly used for chemical stressors, where reference or benchmark toxicity. values are widely:

. avarlable (see text box 5-3).

- The principal advantages of the quotient method are that it is snnple and qulck to use-and

risk assessors and managers are familiar with its application. It provides an efficient,-
inexpensive means of identifying high- of low-risk situations that carr allow risk mahagement
dec1s1ons to be made without the need for further information. o |

’ Quotlents have also been used to mtegrate the risks of mult1p1e chemlcal stressors
quotlents for the individual constituents in a mixture are generated by d1v1d1ng each exposure .
level by a correspondmg toxicity endpomt (e g., LCs, ECSO, NOAEL) Although the toxrclty of a ”
chemlcal mixture may be greater than or less than predlcted from the toxicities of md1v1dua1 ‘
constituents of the mixture, a quotlent addition approachhass‘umes that toxicities are additive or
approximately additive. This assumption may be most applicable when the modes of action of
- chemicals m a mixture are similar, but there is evidence :that even with chemicals having -
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a: Compérison of point estimates |

Exi).OSL::re Stressor-response
estimate estimate

(e.g., mean
concentration) . (9., LCy)

!

b: Comparison of a point eétimate ofa stressor-responée
relationship with uncertainty associated W|th an exposure
point estimate l

e.g., uncertainty around
mean concentration
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Figure 5-2. Risk estimation techmques. a. Comparison of exposure and
stressor-response point estimates. b. Comparison of a point estimate from
the stressor-response relationship with uncertainty associated with an
exposure point estimate. -

13

..dissimilar ques of action, additive or near-additive interactions are qommnn (Konemann, 1981;
Broderius, 1991; Broderius et al., 1995; Hermens et al., 1984a, b, McCarty and Mankay, 1993;

_Sawyer and Safe, 1985). However, caution should be used when assuming that chemicals in a
‘mixture act independently of one another, since many of the supporting studies were conducted
with gquaﬁf: organisms annd so may not be relevant for other endpoints, exposure ‘scénarios, or




" laboratory test using constant exposure levels | game birds, and watérfowl that may forage

o secondary effects (although | such effects may be mferred) Interactions and effects beyond what

 species. When the modes of action for Text Box 5_3. Applymg the Quo tien t _

~ constituent chemicals are unknown, the 7 Method
" assumptions and rationale concerning
When applymg the quotlent method to -

chemical interactions should be cleari stated.
Y | chemical stressors, the effects concentratxon

’ A number of limitations restrict o or dose (e.g., an LCsy, LDy, ECs,, EDs, }
application of the quotient method (see Smith - | NOAEL, or LOAEL) is frequently adjusted
and Cairns, 1993; »Suter, 1993a).‘ Whilea by uncertainty factors before division into the

o ' . . : exposure number (U.S. EPA, 1984; Nabholz,
quotient can be useful in answering whether . - 1991; Urban and Cook, 1986; see section’

risks are high or low, it may not be helpful to 4.3.1.3), although EPA used a slightly

a risk manager who needs to make a decision | different approach in estimating the risks to
the survival of birds that forage in

_ ‘ ~ | agricultural areas where the pesticide

- risks. For example, itis seldom useful to say | granular carbofuran is applied (Houseknecht,

that a risk mitigation approach will reducea * | 1993). In this case, EPA calculated the
' quotient by dividing the estimated exposure

requiring an incremental quantification of -

quotient value from 25 to 12, since this levels of carbofuran granules in surface soils

reduction cannot by itself be clearly . (number/ft?) by the granules/LDs, derived

. interpreted in terms of effects on an | from single-dose avian toxicity tests. The

A : ' o ~ | calculation yields values with units of

LD,y/ft2. It was assumed that a higher

quotient-value corresponded to an increased

~ caused by deficiencies in the problem - | likelihood that a bird would be exposed to

- formulation and analysis phases. For lethal levels of granular carbofuran at the soil
— surface. Minimum and maximum values for

LD;y/ft? were estimated for songbirds, upland

_assessment endpoint

Other limitations of quotlents may be

‘example, an L.C, derived from a 96-hour

may not be appropriate for an-assessment of . | within or near 10 different agricultural crops. ;

effects on reproductlon resulting from short- :

term pulsed exposures. : _ ‘ .
In addition, the quotlent method may not be the most appropnate method for predlctmg

are predicted from the srmple quotxent may be critical to charactenzmg the full extent of impacts
from exposure to the stressors (e g., bloaccumulatlon eutrophlcat:lon loss of prey specles,
opportunities for invasive species).- o

Fmally, in most cases, the quotlent method does not exphcrtly consider uncertamty (e g .
: extrapolatlon from tested species to the species or community of" concem) Some uncertainties,
however, can be incorporated into smgle-pomt estimates to providé a statement of likelihood that
the effects point estimate exceeds the exposure. point estimate (ﬁgures 5-2b and 5-3). If exposure
vanablhty is quantlﬁed then the pomt estimate of effects can be compared w1th a cumulative

97.




Probability Density

e.g., uncertainty around e.g., uncertainty around LC,,

mean concentration
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Intensity of Stressor (e.g., concentration)

e.g., probability that LC,, > mean concentration

Figure 5-3. Risk estimation techniques: comparison of point estimates with

. associated uncertainties.

 exposure distribution as described in text box 5-4. Further discussion of comparisons between
pomt qstiq;gtes of | effects and distributi :
In view of the ad i

y be found in Suter et al., 1983. |
ent method, it is important for risk

"assessors to consider the points listed below when evaluating quotient method estimates.

on relate to the assessment endpoint?.




514 Comp arisons ’Iucomornung the | Text Box 5-4. Cuinparing an Exposure
Entire Stressor-Response Relationship .| Distribution With a Pomt Estimate of

If a curve relating the stressor levelto | Effects - - -

the magmtude Of response is avallable then ] The EPA Ofﬁce of Pollutlon Preventlon and

risk estimation can examine risks associated Toxics uses a Probabilistic Dilution Model -
with many different levels of exposure (figure (PDM3) to generate a distribution of da11y
: average chemical concentrations based on
- estimated variations in stream flowin a
_ - * - | model system. The PDM3 model compares
based on exceedance of a predetermined | this exposure distribution with an aquatic
decision rule, such as a toxicity benchmark ~ | toxicity test endpoint to estimate how mé.ny
' - days in a 1-year penod the endpoint
IR ' : concentration is exceeded (Nabholz et al.,
‘ ~ There are advantages and limitations - | 1993; U.S. EPA, 1988b). The frequency of
~ to comparing a stressor-response curve with “exceedance is based on the duration of the
'| toxicity test used to derive the effects
v | endpoint. Thus, if the endpoint was an acute
effects curve shows the ma,gmtude of change toxicity level of concern, an exceedance
in effects associated with incremental changes would be identified if the level of concern
' | was exceeded for 4 days or more (not -
necessarily consecutive). The exposure
A estimates are conservative in that they
effects for different exposure scenanos can be assume instantaneous mixing of the chemical-

used to compare diﬁ'erent‘risk ma.nagement- | in the water column and no losses dueto = .
physical, chemical, or biodegradation effects.

- .5-4). These estimates are particularly useful
when the risk assessment outcome is not

level.

an exposure'disﬁ'ibution The slope of the

in exposure, and the capability to predict
changes in the magmtude and hkehhood of

options. Also, uncertainty can be
mcorporated by calculating uncertamty

’ bounds on the stressor-response or exposure estimates. Comparmg exposure and stressor—

' response curves provides a predlctwe ability lacking in the quotlent method L1ke the quotlent
method, however, limitations from the problem formulatlon and analys1s phases may limit the

| utility of the results. These limitations may include not fully cons1denng secondary effects

assuming the exposure pattern used to derive the stressor—response curve is comparable to the

environmental exposure pattern, and failure to consider uncertamtles such as extrapolatlons from

tested spemes to the spemes or commumty of concern.

5 1.5. Compansons Incorporatmg Varlablhty in Exposure and/or Effects
If the exposure or stressor-response profiles describe the variability in exposure or eﬁ'ects,» N
then many different risk estimates can be calculated. Variability in exposure can be used to
. estimate risks to moderately or highly exposed members of a populatlon being mvestlgated
wh11e vanablhty in effects can be used to estimate risks to average or sensitive populatlon
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Figure 5-4. Risk estimation  techniques: stressor-response curve versus a cumulative
distribution of exposures.

members A major advantage of thlS approach isits ablhty to predlct changes in the magmtude

techmque. Thus 1t is desxrable to corro




field studles or other hnes of ev1dence ‘Text
box 5-5 and figure 5-5 1llustrate the use of

cumulative exposure and effects dlstnbutlons ‘

- for estlmatmg nsk

5.1.6. Application of Process Models

Process models; are mathematical
expressions that represent our understanding ‘
of the mechamstic operation of a system

under evaluatlon They can be useful tools in

both analys:s (see sectlon 4.1.2) and risk -
characterlzatlon For illustrative purposes it
is useful to distinguish between analys1s

‘process models, which focus md1v1dually on

either exposure or effects evaluations, and
risk estimation process models, which
intégrate exposure and effects information
(see text box 5-6). The assessment of risks

- assoclated with long-term changes in

hydrologic conditlons in bottomland forest

wetlands in Louisiana using the- FORFLO
model (Appendix D) linked the attributes and

| placement of levees and correspondmg water

level measurements (exposure) with changes

" in forest commumty structure and wildlife

| ~ habitat suitablllty (effectsl).‘ ,

| - A major advantage of using process

models for risk estimation is the ability to

consider “what if” scenarios and to forecast

‘beyond the limits of observed data that
constrain techniques based solely on -
empirical data. The process model can also

.consider secondary effects, unlike other risk

 Text Box 5-5.. Comparing Cumulative
-Exposure and Effects Dlstnbutlons for.
Chemical Stressors

Exposure distributions for chemical stressors can
be compared with effects distributions derived
from point estimates of acute or chronic toxicity -
values for different species (e.g., HCN, 1993;

| Cardwell et al., 1993; Baker et al.; 1994;

Solomon et al., '1996). Figure 5-5 showsa
distribution of exposure concentrations of an
herbicide compared with single-species toxicity
data for algae (and one vascular plant species)
for the same chemical. The degree of overlap of

-the curves indicates the likelihood that a certain

percentage of species may be adversely affected.
For example, figure 5-5 indicates that the 10th
centile of algal species’ EC; values i is exceeded
less than 10% of the time. -

The predictive value of this approach is evident.
The degree of risk reduction that could be
achieved by changes in exposure associated with

- proposed risk mitigation options can be readily

determined by comparing modified exposure
distributions with the effects distribution curve.

. | ‘When using effects distributions derived from

single-species toxicity data, risk assessors: should.
consider the followmg questions: ‘ -

e Does the subset of species for which toxicity
test data are available represent the range of .
. species present in the environment? s

* Are particularly sensitive (or insensitive)
groups of organisms represented in the
dlstributlon‘7

» Ifa cnterlon level is selected—e.g., protect -
95% of spec1es—does the 5% of potentially
‘affected species include organisms of
ecological commerclal or recreatlonal
51gn1ﬁcance'7 : :

~ estimation techmques such as the quotlent method or compansons of exposure and effect

distributions. - In addition, some process models can forecast the combined effects of
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Figure 5-5. Risk estimation techniques: comparison of exposure distribution of
an herbicide in surface waters with freshwater single-species toxicity data. See
text box 5-4 for further discussion. Redrawn from Baker et al., 1994. (Centile
ranks for species LC; data were obtained using the formula (100 x n/[N+1]),
where n is the rank number of the LC; and N is the total number of data points
in the set; adapted from Parkhurst et al., 1995).

- multiple stressors, such as the effects of multiple chemicals on fish populatidn sustainability
' (Bamnthouseetal,1990). B B

- Process model outputs may be point estimétes, distributions, or correlations; in all cases,
interpret them he ly er level of certainty than is
n underlymg éésumptioné. o

T 4

” The lack of lj&mwledge on basw life histories for many species and incomplete knowledge on the | ‘




~

structure and function of a p"‘“‘c‘ﬂar " TTextBoxss. Estimating Risk With
ecosystem is often lost i in the model output Process Models ‘ ‘

Since process models are only as good as the : SO
Models that mtegrate both exposure and

. : effects mfonnatlon can be used to estimate
 should be treated as hypothetical | risk. During risk estimation, it is nnportant
representations of reality until appropriately. | that both the strengths and limitations of a-
1 i -process model approach be highlighted.
Brody et al. (1993; see Appendix D) linked . _ |
two process models to integrate exposure and
whether our understandmg of the system was effects information and forecast spatial and .

correct (Johnson, 1995), particularly with - ‘temporal changes in forest communities and -

2 their wildlife habitat value. While the

models were useful for projecting long-term

- assumptions on wh.1ch they are based they

tested with empirical data. Comparing mode}
results to field data provides a check on

respect to the risk hypotheses presented in

problem formulatlon ! - effects based on an understanding of the
‘ oo - - .~ | underlying mechanisms of change in forest
52, RISK:DIB'SCRIPTION " |communities and wildlife habitat, they could
: ‘ not evaluate all possible stressors of concern
‘ Followmg Preparatlon of the risk . and were limited in the plant and wildlife
estimate, risk assessors need to interpret and -species they could consider. Understanding

both the strengths and limitations of models
| is essential for accurately representing the'
overall conﬁdence in the assessment.-

| discuss the available information about risks
to the assessment endpoints. . Risk description

includes an evaluation of the lines of evidence

supportmg or refuting the risk estimate(s) and | , _ ‘ o
“an mterpretatlon of the srgmﬁcance of the adverse eﬁ‘ects on the assessment endpomts Dunng

the analy31s phase, the risk assessor may have estabhshed the relatlonshlp between the

assessment endpoints and measures of effect and associated lines of evidence in quantlﬁable,

eas11y described terms (sectlon 4.3.1.3). Ifnot, the risk assessor can relate the avmlable lines of
evidence to the assessment endpoints usmg quahtatxve links. Regardless of the risk estlmatlon

technique, the technical narrative supportmg the risk estimate is as 1mportant as the risk estimate

itself. - : : ’
- 5.2.1. Lmes of vadence _ , _

' The development of lines of ev1dence prov1des both a process and a framework for
reachlng a conclusion regardmg confidence in the risk estimate. It is not the kind of proof
demanded by expenmentahsts (Fox, 1991), nor is 1t a ngorous exammatlon of Welghts of

: -ev1dence (Note that the term “weight of evidence” is sometlmes used in legal dlscussmns orin
‘l ‘ other documents e.g., Urban and Cook, 1986 Menzie et al., 1996. ) The phrase lines of evidence
~ isused to de-emphasme the balancing of opposmg factors based on a551gnment of quantltatlve '
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in the risk assessment rather than simply reduce their interpretation and descnptlon of the

: ecologrcal eﬁ'ects that ‘may result from exposure to stressors to a system ‘of numeric calculatlons
and results. | o ‘
Confidence in the conclusrons of a nsk assessment may be mcreased by using several

Irnes o f ev1 den ce to mterpret and compare risk estimates. These lmes of ev1dence may be

derived from different sources or by different techniques relevant to adverse effects on the
“asséssmient endpoints, such as quotient estimates, modeling results, or field observational studies.
” ‘There are three pnncrpal categones of factors for nsk assessors to. consrder when

Wi the_evrdence and ‘(3) relationship of the ev1dence to the risk assessment

‘questions (see also sections 3 and 4).
- Data quality directly influences how conﬁdent risk 'assessors can be in the results of a
study and conclusions they may draw from it. Specific concems to con51der for individual hnes

of cvxdence include whether the .experimental design was appropnate for the questions posed in a
| parhcnlar study and whether data quality objectives were clear and adhered to. An evaluation of. | ‘
‘ the screntlﬁc understa:ndmg of natural vanablhty in the attnbutes of the ecologlcal entities under
‘s ini | ent data to satlsfy the

stressorocaused perturbatrons -

Al \
.

ber
‘extrapolations
scale to another? Were conclusrons drawn from extrapolatrons from laboratory to field effects
or were field effects mferred ﬁ'om 11m1ted mformatlon, such as chexmcal structure-actrvxty

relatxonshrps? re no-effect or lo C address like

. For example, were

sed to infer effects in one species ﬁ'om another, or from one temporal or spatlal

assessors should con51der these and any other sources of uncertamty when evaluatmg the relatlve
importance of particular lines of evidence. . | |
Finally, how directly lines of evidence relate to the questions asked in the nsk assessment
may determine their relative importance in terms of the ecological entity and the attributes of the
assessment endpoint. Lines of evidence directly related to the risk hypotheses, and those that a

evaluatmg lines of evrdence (1) ade uacy and uahty of data, (2) “degree and type of uncertamty o

Dlrectly relatedto data quahty issues is the evaluatlon of the ﬂrelatxve uncertamtles of each: N o



establish a cause-and-effect relatlonshrp based ona deﬁmtlve mechamsm rather than assocratrons .
alone, are hkely to be of greatest 1mportance o o

- The evaluation process, however involves more than just listing the evrdence that
supports or reﬁrtes the risk estrmate The risk assessor should carefully examine each factor and

. evaluate its contnbutlon in the- context of the risk assessment The importance of lines of

evrdence is that each and every factor is described and interpreted. Data or study results are often
- not reported or carried forward in the risk assessment because thev are of insufficient quality. If ,
such data or results are eliminated from the evaluatlon process, however valuable information'
_ may be lost with respect to needed nnprovements in methodologles or recommendatlons for

- further studies. : _
. ‘ As a case in pomt consrder the two lmes of evrdence descnbed for the carbofuran -
example (see text boxes 5-1 and 5-3) ﬁeld studies and quotlents Both approaches are relevant
: ’to the assessment endpomt (survival of birds that forage in agncultural areas where carbofuran is
apphed) and both are relevant to the exposure scenanos descnbed in the conceptual model (see
figure D-1). The quotients, however are limitéd in their ab111ty to. express incremental risks '

.. -(e.g., how much greater risk is expressed bya quotlent of “2” versus a quotlent of “4”), whrle the

' field studies had some design flaws (see text box 5-1). Nevertheless, because of the strong
ev1dence of causal relatronshlps from the field studies and consrstency with the laboratory—
- derlved quotrent confidence in a conclusron of hlgh risk to the assessment endpoint is supported
Sometimes lines of evidence do not point. toward the same conclusmn Itis nnportant to
;investlgate possrble reasons for any disagreement rather than i ignore inconvenient evidence. A
starting point is to dlstmgmsh between true inconsistencies and those related to drfferences in
 statistical powers of detection. For example, a model may predrct adverse effects that were not
_ observed in a field survey. The risk assessor should ask-whether the expenmental design of the
field study had sufﬁcrent power to detect the predicted difference or whether the endpomts
measured were comparable with those used in the model Conversely, the model may have been
. unrealistic in its predrctlons While iteration of the risk assessment process and collectron of -
| . add1t10na1 data may help resolve uncertamtles, this optron is not-always available.
Lines of ev1dence that are to be evaluated during risk characterization should be deﬁned
' early in the risk assessment (during problem formulation) through the development of the
conceptual model and selectlon of assessment endpoints. F urther, the analysrs plan should
' incorporate measures that will contribute to the interpretation of the lmes of evidence, including
methods of reviewing, analyzmg, and summanzmg the uncertamty in the risk assessment.
Also risk assessments often rely solely on laboratory orin s1tu broassays to assess

adverse effects that may occur as a result of exposure to stressors. Although they may not be.
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* manifested in he Bold,eco
wm]{dxscounted as a hne of ev1dence

‘(e. g see Urban and Cook, 1986, or Nabholz, 1991), the reasons why thxs is con51dered adverse

al e eﬁ'ects demonstra d ‘m the laboratory should not be

5.2.2. Determining Ecological Adversity o
At this point in risk characterization, the changes exbected in the assessment endpoints
have been estimated and the supporting lines of evidence evaluated. The next step is to interpret
whether these changes are considered adverse. Adverse ecological effects, in this context,
‘represent changes that are undesirable because they alter valued struetural or functional attributes -

- of the ecological entities under cons1dera110n The risk assessor evaluates the degree of
mWadversuy, which is often a difficult task and is frequently based on the nsk assessor’s

professmnal judgment. .
When the results of the risk assessment are dxscussed w1th the risk manager (section 6),

__other factors, such as the economic, legal, or social consequences of ecologlcal damage, should
: be considered. The risk manager will use all of th1s mformatlon to determme whether a

~_particular adverse eﬂ‘ect is acceptable and may also ﬁnd 1t useful when communicating the nsk to
- -interested parties.

in assessment endpoints:

Nature of eﬁ'ects and‘mtensny“ of eﬁects o

should be cIearly understood In addltlon any evaluatlon of adver51ty should examme all

ef effects F er exampié for an assessment |

endpomt mvolvmg surv1va1 growth and reproductlon of a specles do predlcted effects involve.
- . :survwal and reproductlon or only growth‘7 If surv1val of offspnng wﬂl be affected by what
‘percentage wﬂl it dlrmmsh‘7




Itis i‘mpo’rtant for risk assessors to.
consider both the ecological and statistical
contexts of an effect when evaluating
" intensity. For example, a statistically

B s1gmﬁcant 1% decrease in fish growth (see _

. text box 5-7) may not be relevant to an'
assessment endpoint of fish population
viability, and a 10% decline in reproduction

-ﬂmay be worse for a poptﬂation of slowly

T reproducmg trees than for rapldly reproducmg

planktomc algae. o

, - ‘Natural ecosystem vanatlon can make

._it very difficult to observe (detect) stressor-

related perturbatlons For example, natural

| Text Box 5-7. What Are Statlstlcally
Slgmficant Effects"

‘Statistical test1ng is the “statlstlcal procedure

or decision rule that leads to establishing the -
truth or falsity of a hypothesis . . .” (Alder

| and Roessler, 1972). Statistical s1gmﬁcance'

is based on the number of data points, the
nature of their dlstnbutlon, whether
intertreatment variance exceeds
intratreatment variance in the data, and the a

| priori significance level (¢). The types of

statistical tests and the appropriate protocols |

'_ " (e.g., power of test) for these tests should be

established as part of the analysxs plan dunng

- problem formulatlon

fluctuationsin marine fish populations are often large, w1th mtra- and mterannual vanablhty in

population levels covering several orders of magnitude. Furthermore, cychc events of various

penods (e.g., bird mlgratxon t1des) are very important in natural systems and may mask or delay’

: stressor-related effects. Predicting the effects of anthropogenic stressors against thls background

of vanatlon can be very difficult. Thus, a lack of statxstlcally significant effects in a field study

‘does not automatlcally mean that adverse ecological effects are absent. Rather, nsk assessors

should then consider other lmes of evidence in reachmg their conclusions.

Tt is also important to consider the location of the effect Wlthln the blologlcal h1erarchy

and the mechamsms that may result in ecologlcal changes The nsk assessor may rely on

mechanistic- explanatlons to describe complex ecolog1cal interactions and the resultmg effects
_that otherw1se may be masked by vanablhty in the ecological components. .

The boundanes (global, landscape ecosystem, orgamsm) of the risk assessment are

' 1n1t1a11y 1dent1ﬁed in the ana1y51s plan prepared dunng problem formulation. These spat1a1 and |
temporal scales are further defined in the analys1s phase where speclﬁc exposure and effects
scenarios are evaluated. The spatlal dimension encompasses both the extent and pattern of effect ‘
as well as the context of the effect within the landscape Factors to consider mclude the absolute -
area affected the extent of critical habitats affected compared w1th a larger area of interest, and
©the role or use of the affected area within the landscape

' Adverse effects to assessment endpomts vary with the absolute area of the effect A
larger affected area may be (1) subject to a greater number of other stressors, mcreasmg the
complicatic'ms from stressor intetactions, (2)-more likély to contain sensitive species or habitats,
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cosystems may be altered by

stressors

Nevertheless, a smaller area of effect is not always associated w1th lower nsk The |
finction of an area within the landscape may be more 1mportant than the absolute area.

" Destruction of small but umque areas, such as critical wetlands may have 1mportant effects on -
local and regional wildlife populations. Also, in river systems, ‘both riffle and pool areas prov1de
important microhabitats that maintain the structure and function of the total river ecosystem.
Stressors acting on these microhabitats may result i m adverse effeots to-the entire system.

Spatial factors are important for many species because of the linkages between ecologrcal
landscapes and population dynamics. Lmkages between landSCapes can prov1de refuge for
affected populations, and organisms may require corridors between habitat patches for successful
mlgratlon

~~The temporal scale for ecosystems can vary from seconds (photosynthe51s prokaryouc

1is important to dlstmgursh a stressor’ s long-term unpacts from 1ts
eﬁ’ects _For example, visible changes resulting from eutrophication of
uatxc Systems (turbldlty, excessive macrophyte growth, populatlon declme) may not become

weather, natural dlsturbances) or other factors, 1t is unreahstlc to expect that a system will remain
statxc at some level or retum i

artxcular densrty, specles recolomaanon of ad: damaged hab1tat “or the restoratlon of health of
iseased organisms




streams and rivers from dlsturbances in setting exceedance ﬁequencxes for chemical stressors in
waste efﬂuents (U S EPA, 1991). .

Recovery can be evaluated in splte of the dlfﬁculty in predlctlng events in ecologlcal
systems (e.g., Niemi et al., 1990) For example itis p0551b1e to distinguish changes that are
usually reéversible (e g., stream recovery from sewage effluent discharge), frequently 1rrcver51ble
(eg., establishment of introduced specles), and always irreversible (e.g., extinction). Risk
assessors should consider the potential irreversibility of signiﬁcant sﬁ'uctural.or ﬁmctional ;

- changes in ecos'ystems or ecosystem components when evafuating adversity. Physical alterations
such as deforestation in the coastal hills of Venezuela in recent hrstory and in Britain during the

‘Neolithic penod for example, changed soil structure and seed sources such that forests cannot

" easily grow again (Fisher- and Woodmansee, 1994)

The relative rate of recovery can also be estlmated For instance, fish populatlons ina
stream are, hkely to recover much faster from exposure toa degradable chermcal than from
~ habitat alterations resultmg from stream channehzatlon Risk assessors can use knowledge of

factors such as the temporal scales of orgamsms life h15tor1es the avatlablhty of adequate stock
for recruitment, and the mterspemﬁc and trophlc dynamics of the populatlons, in evaluatmg the
relative rates of recovery. A fishenes stock or forest nught recover in decades, abenthic
‘invertebrate commumty in years, and a planktomc commumty in weeks to months. ,

Risk assessors should note natural dlsturbance patterns when evaluating the 11ke11hood of
recovery from anthropogenic stressors. Alternatrvely, if an ecosystem has become adapted to a |
disturbance pattern, it may be affected when the disturbance is removed (e.g., fire-maintained-

‘ grasslands) The lack of natural analogs makes it difficult to predlct recovery from uniquely
- anthropogemc stressors (e.g., synthetic chemlcals) '

-Appendix E illustrates how the criteria for ecologlcal adversity (nature and mtensrty of
effects, spatial and temporal scales, and recovery) might be used in evaluating two cleanup
options for a marine oil spill. This example also shows thatrecovery of a system depends,not
only on how quickly a stressor is removed, but also on how the cleanup efforts themselves affect
the recovery. | | ' ' ‘ ‘

' 5:3. REPORTING RISKS | | | |

" When risk characterization is complete, risk assessors should be able to 'estirhate
ecological risks, indicate the overall degree of confidence in the risk estimates, cite lines of
* evidence supportmg the risk estimates, and interpret the adversity of ecologlcal effects. Usually
this information is included in a nsk assessment report (sometimes referred to as arisk -

.characterization report because of the integrative nature of risk characterization). While the
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" breadth of ecological risk assessment preeludes providing a detailed outline of reporting

sk assessme report.

ements the risk assessor should con51der the elements hsted in text box 5- 8 when prepanng a

| lee the risk assessment 1tself a nsk

assessment report may be bnef or extenswe

depending on the nature of and the resources __
available for the assessment. While it is
important to address the elements described

in text box 5-8, risk asseSSd}s““‘shbnld‘jﬁdge“ -

the level of detail required. The report need

not be overly complex or lengthy; it is most
important that the information required to |

_support a nsk management deClSIOH be |

presented clearly and conclsely

“1995‘7) ‘ Ways to achleve such charactenSthSij
are deSCnbed in text box 5_9 SRR “

communication between'risk assessors and

nsk managers,

- assessment in k management context, and

h}bneﬂy dlscusses communication of risk

mterested p‘afnes and the general pubhc

: Text Box 5-8. Possible Rlsk Assessment

Report Elements

* Describe risk assessor/risk manager
planning results.

* Review the concéptual model and the
assessment endpoints.

Discuss the major data sources and
analytical procedures used.

‘» Review the stressor-response and exposure

profiles.

* Describe risks to the assessment
endpoints, including risk estimates and
adversity evaluations.

¢ Review and summarize major areas of
uncertainty (as well as their direction) and
the approaches used to address them.

» Discuss the degree of scientific
-consensus in key areas of uncertalnty

Identify major data gaps and, where
appropriate, indicate whether gathering
additional data would add significantly
to the overall confidence in the
assessment results.

Discuss science policy judgments or
default assumptions used to bridge
information gaps and the basis for these
assumptions.

Discuss how the elements of
‘quantitative uncertainty analysis are
embedded in the estimate of risk.




Text Box 5-9. Clear, Transpareht,"Reasonable;'and Consistent Rlsk Characterizations )

L

' For clarity:'

Be brief; av01d Jargon

Make language and orgamzatlon understandable to risk managers and the mformed lay

person.

Fully discuss and explain unusual issues specific to a particulai' risk assessment.. -

For transparency:

'Identify the scientific conclusions separately from policy judgments.
Clearly articulate major differing 'viewpoints of scientiﬁc judgments.

Define and explam the risk assessment purpose (e.g., regulatory purpose policy analys1s,

© priority settlng)

Fully explam assumptions and biases (scientific and policy). i

‘| For reasonableness:

‘Integrate all components into an overall conclusmn of risk that is complete mformatlve, )
and useﬁil in de0151on makmg : :

A Acknowledge uncertainties and ass.umptions ina forthright manner.

Describe key data as expenmental state-of the-art, or generally accepted sclentlfic '

_ knowledge.

Identify reasonahle alternatives and conclusions that can be deriv_ed from the data.

~ Define the level of effort (e.g., qmck screen, extensrve charactenzation) along with thev :
reason(s) for selecting this level of effort.

Explain the status of peer review.:

For consistency with other risk characterizations"'

Descnbe how the risks posed by one set of stressors compare thh the risks posed by a

' s1rmlar stressor(s) or snmlar envuonmental condltlons
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~ After characfenmg risks and
preparing a risk assessment report (sectmn 5), |

Text Box 6-1. Questions Regérding Risk

risk assessors discuss the results with risk ’
Assessment Results (Adapted From U.S.

managers (figure 5-1). Risk managers use EPA, 1993c)
“e U ik assessment results, along with other , |
- factors (e.g., economic or légal concerns), in in Questions principally for risk assessors to
'| ask risk managers:

_making risk management decisions and as a

=basis for communicating risks to mterested |+ Are the risks sufficiently well defined (and
parties and the general pubhc 7777 7 data gaps small enough) to support a risk
e e |  management decision?

| .| * Was the right problem analyzed?

|+ Wasthe problem adequately
characterized?

.| Questions principally for risk managers to
'| ask risk assessors:

large body of data or if there are significant

» What effects might occur?
‘data gaps Insufﬁment resources, lack of R :

* How adverse are the effects?
| » How likely is it that effects will occur?
e When and where c!o the effects occur?

* How confident are you in the conclusions

rrectable deficiencies for the risk manager’s

of the risk assessment?
: consxderanon ‘ o
‘ g de61$1 ns regardmg " | = What are the critical data gaps, and will
o TSR " e information be available in the near future
. ccologlcal nsks nsk managers con51der other
-] to fill these gaps?

mformatlon, such as somal economlc,

| » Are more ecological risk assessment
“ iterations required?

polmcal or le 1ssuesmcom matlon‘;h‘“ew h

risk assessment results. For example, the risk

assessment results may be used as part of an « How could monitoﬁng help evaluate the
ecological cost-benefit analysis, which may ‘results of the risk management decision?
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*EPA, 1995a).

reqmre translatmg resources (1dent1ﬁed through the assessment endpomts) into monetary values. '

* Traditional economic consxderatrons may only partially address changes in ecologlcal resources

" that are not cons1dered commodrtles mtergeneratronal resource values, or issues of long-term or
irreversible effects (U S. EPA 1995a Costanza et al., 1997) however, they may providea

| means of companng the results of the risk assessment in commensurate units such as costs. RlSk

- managers may also con51der alternatlve strategles for reducing risks, such as risk m1t1gat10n
options or substitutions based on relatlve risk comparisons. For example, nsk mitigation =

ltechmques such as buffer strips or lower field appllcatlon rates can be used to reduce the
exposure (and risk) of a pesticide. Further by comparing the nsk of a new pestlclde to other

- pesticides currently in use during the reglstratron process, lower overall risk may result. Finally, |

-risk‘managers consider and mcorporate public opinion and political demands into their dec1s1ons. '
Collectively, these other factors may render | very h1gh nsks acceptable or very low nsks
unacceptable : o - P

Risk charactenzatlon prov1des the ba515 for commumcatmg ecological nsks to. mterested

parties and the general pubhc This task is usually the responsibility of risk managers but it may’

" be shared with risk assessors. Although the final risk assessment document (mcludmg its risk
characterization sectlons) canrbe made available to the pubhc the risk communication process is
best served by tailoring information to a partxcular aud1ence Irrespectlve of the spec1ﬁc format
itis nnportant to clearly describe the. ' ' '

ecqloglcal resources at risk, thelr value, and Text Box 6-2. Risk Commumca tion -

the mdnetary and other costs of protecting Considerations for Risk Managers (U S.
(and failing to protect) the resources (U.S. EPA, 1995b)

‘ T C * Plan carefully and evaluate the success of
Managers should clearly describe the 'your communication efforts.

sources and causes of risks and the potential :
. |+ Coordinate and collaborate with other -

" “adversity of the risks (e.g., nature and
‘ credible sources.

intensity, spatial and temporal scale, and
recdvery potenrial). 'The degree of confidence | « Accept and mvolve the pubhc as a
in the risk assessment, the rationale for the = - legitimate partner.

risk management decision, aud the options for
reducing risk are also ‘ihrportant (U.S.EPA, ‘ ,
1995a). Other risk communication - * Be honest, frank, and open.
considerations are provided in text box 6-2. o

e Listen to the public’s specific coricerrrs.

R . . » Speak clearly and with compassion. -
Along with discussions of risk and ' T

o ccmmunicatiqns with the public, itis ¢ Meet the needs of the media.




Dependmg on the importance of the assessment, confidence in its results and avarlable |
resounces; 1t may be advisable to conduct another iteration of the, rtsk assessment (startmg w1th
‘'problem formulation or analysis) in order to support a final management. decision. Another
option is to proceed with the decision, 1mp1ement the selected management alternative, and
devclop a momtormg plan to evaluate the results (see section 1). If the dec131on isto mltlgate

‘ th ough exposure reductlon, for example, momtormg could help deterrmne whether the
desu‘ed reductlon in exposure (and effects) is achleved . |
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APPENDIX A—-CI-IANGES FROM EPA’S ECOLOGICAL RISK ASSESSMENT
FRAN.[EWORK ) S

" EPA has gamed much expenence with the ecologlcal risk assessment process since the
publlcatlon of the Framework Report (U.S. EPA, 1992a) and has received many suggestrons for

" modifications of both the process and the tenmnology While EPA is not recommendmg maJor
. changes in the overall ecological risk assessment process, modrﬁcatrons are summarized here to

assist those who may already be familiar with the Framework Report. Changes in the dlagram

- are discussed ﬁrst followed by changes in termmology and deﬁmtrons

- Al 1. CHANGES IN THE FRAMEWORK DIAGRAM

The revrsed framework dlagram is shown in ﬁgure 1-2. Wlthm each phase, rectangles are
used to desrgnate inputs, hexagons indicate actions, and circles represent outputs.. There have -

" been some minor changes in the wordmg for the boxes outside-of the risk assessment process :

(planning; commumcatmg results to the risk manager; acquire data, 1terate process monitor
results). “Iterate process” was added to emphasrze the iterative (and frequently tiered) nature of |

‘risk assessment The term “interested partles was added to the plannmg and nsk management

boxes to indicate their increasing role in the risk assessment process (Comlmssmn onRisk
Assessment and R1$k Management 1997). The new diagram of problem formulation contams
several changes The hexagon emphasizes the nnportance of i mtegratmg available mformatlon

‘ 'before selecting assessment endpomts and bulldmg conceptual models The three products of

problem formulation are enclosed in clrcles Assessment endpomts are shown as a key product

- that drives conceptual model development. The conceptual model remains a central product of
. problem formulation. The analysis plan has been added as an explicit product of problem

formulatlon to emphasize the need to.plan data evaluatlon and mterpretatlon before analyses
begin. ' ‘ * 2
In the analysrs phase the left-hand srde of ﬁgure 12 shows the general process of

‘ charactenzatlon of exposure, and the nght-hand s1de shows the characterization of ecologlcal
‘ effects Itis 1mportant that evaluatlon of these two aspects of analysrs is an mteractlve process to .

" ensure compatlble outputs that can be mtegrated in risk characterization. The dotted line and |
: hexagon that include both the exposure and ecolog1ca1 response analyses emphas1ze this -

mteractlon In addition, the ﬁrst three boxes in analysis now include the measures of exposure

effects and ecosystem and receptor charactenstrcs that prov1de mput to the exposure and

ecological response analyses




" -Experience with the application of J‘risk charactenzation as outlined in the Framework
modi Risk estimation entails the “

] f uncertamtles The process |
eport separates mtegratlon and uncertamty The
ongmal purpose for this separatlon was to empha51ze the 1mportance of estlmatmg uncertamty
»This separation is no longer needed smce uncertamty analysxs is now explicitly addressed in
“most risk inte ‘

the F ramework Report

“ Except as noted below, these Guidelines retain definitions used in the Framework Report
(see Appendlx B) Some definitions have been rev1sed espec1ally those related to endpoints and
eXposure Some changes in the cla351ﬁcat10n of uncertamty from the Framework Report are also

.2 l. Endpomt Termmology

port uses ‘the assessment and measurement endpoint terminology of
M;Suter ( 1990), but oﬁ’ers no SP ific te

‘ sponses (ie. measurf:s“ of et’fects) are requlred for an |
h ‘ecologlcal nsk assessment, two addltlonal types‘ of measures are used Measures of exposure
include stressor and so ' £e .
characteristic ] , h 1 parameters, uvater quality conditions,
or hfe—hxstory parameterswthat may be necessary to better charactenze exposure or effects. Any
:of the three types of measures may be actual data (e g mortahty) summary statlstlcs (e.g:, an

LCSO) or estunated values (e. g- an LCs estlmated from a structure-act1v1ty relatlonsth)

' m and receptor




A2, 2 Exposure Termmology ‘

These Guldehnes define exposure in a manner that is relevant to-any chemical, physical,
or b1olog1cal entlty While the broad concepts are the same, the* language and approaches vary
dependmg on whether a chemical, phys1cal or blologlcal entlty is the suibject of assessment. Key
exposure-related terms and their definitions are: '

. Source A source 1s an entlty or actlon that releases to the env1ronment or
- imposes on the envuonment a chemlcal physical, or blologlcal stressor or
- - stressors. Sources may include a waste treatment plant a pesticide apphcatlon a.
loggmg operatlon mtroductlon of exotlc orgamsms, ora dredgmg project. .

) Stressor A stressor is any Text Box A-1.’ Stressor vs: Agent

. phy51cal chemrcal or R o o
biological entity that can -~ | Agent has been suggested as an alternative
.| for the term stressor (Suter et al., 1994). -

induce an adverse response.
P Agent is thought to be a more neutral term

~ 'This term 1smused broadlyto | thap stressor, but agent is also assoc1ated
. " encompass entities that cause “with certain classes of chemicals (e.g.,
| ' pﬁmW effects and those chemical warfare agents). In addition, agent

| has the connotation of the entity thatis |
. | initially released from the source, whereas
- secondary (i.e., mdlrect) ~ | stresser has the connotation of the entity that
" effécts. Stressors maybe . | causesthe response. Agent is used in EPA's
‘ Guidelines for Exposure Assessment (U.S. -
o 1 EPA, 1992b) (i.e., with exposure defined as
nutrients), physical (e.g., - “contact of a chemical, physical, or .
dams, fishing nets, or - . | biological agent”). The two terms are
" | considered to be nearly synonymous, but
. . : stressor is used throughout these Guidelines
biological (e.g., exoticor for internal consistency. '
genetically engineered :

primary effects that can cause

~ chemical (e.g., toxics or .

* suspended sediments), or

orgamsms) While risk ,

. assessment is concerned w1th the charactenzatlon of adverse responses, under

- some circumstances a stressor may be neutral or produce effects that are

: beneﬁcral to certain ecological components (see text box A-l) anary effects
,may also become stressors. For example achangeina bottomiand hardwood
plant community affected by nsmg water levels can be thought of asa stressor

. influencing the wildlife commumty Stressors may also be formed through

. abiotic interactions; for example, the increase in ultrav1olet light reaching the

S
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Earth’s surface results from the interaction of the original stressors released
“ (chlorofluorocarbons) with the ecosystem (stratospheric:ozone). |

se the term ‘exposure broadly
to mean © Sllb_] ected to some actlon or mﬂuence ” Used in thls way, exposure

xposure. As dlscussed above thes

wcommonly sa1d to be exposed to radratron, pathogens, or heat). Exposure isalso -
apphcable to higher 1

i n, such as exposure ofa

e, partrcularly the umts of measure, depends on
the stressor and receptor (deﬁned below), the followmg general definition is o
_applicable: Exposure is the contact or co-occurrence of a stressor wuh a receptor.

. Receptor. The receptor is the ecologlcal entity exposed to the stressor This term

. may refer to txssues orgamsms, populatrons commumtles and ecosystems
Whﬂeerther ‘ecolo

: (Cohrssen and Covello,

‘ commumty, or populatron structure and changes resources substrate
avallabrhty, or the physical envrronment (modified slightly from Whlte and
Plckett, 1985). Defined in this way, drsturbance is clearly a kind of exposure (.e.,

an event that sub_]ects a receptor, the disturbed system to the actlons ofa stressor)




nonchemical stressors (more clearly descnbed as multlple exposure complex

,,exposure or exposure to mrxtures), (2) as a synonym for’ exposure that is intended o

to avoid overemphasrs on chemical exposures, and (3) to describe the series of
interactions of exposures and effects resultmg in secondary exposures, secondary
effects, and, finally, ultlmate effects (also known as risk cascade [Llpton etal.,
' 1993]), or causal chain, pathway, or network (Andrewartha and Birch, 1984).
- Because of the potential for confusion and the avarlablhty of other, clearer terms, _
" this term is not used in these Gmdelmes -

A.2.3. Uncertainty Terminology

" The Framework Report divided 'unce‘rtainty into conceptual model formation, information o

and data, stochasticity, and error. ‘These Guidelines discuss- uncertainty throughout the process,
focusmg on the conceptual model (sectlon 3.4.3), the analysrs phase (section 4.1.3), and the
mcorporatlon of uncertainty in risk estimates (section 5. 1) The bulk of the discussion appears in
' section 4. 1.3, where the dlscussmn is orgamzed accordmg to the followmg sources of
uncertamty . - .

. Unclear communication
~*  Descriptive errors
e Variability
- . | Datagaps - o
2 . Uncertainty about a- qua.ntlty s true value o
. Model structure uncertainty (process models) |

* . Uncertainty about a model’s form (empirical models).

A.2.4. Lines of Evidence | | _

The Framework Report used the phrase weight of evidence to describe the process of
~ evaluating multiple lines of evidence in risk charactenzatlon These Guidelines use the phrase
lines of evidence instead to de-emphasize the balancmg of opposing factors based on asmgnment
of quantitative values to reach a conclusion about a “weight” in favor of a more mcluswe '

approach, which evaluates all avarlable mformatlon even evidence that may be qualitative in
nature. ' ‘ '




- APPENDIX ‘B—KEY, TERMS (Adapted from U.S. EPA,,'199‘2a) J

. Adverse ecologncal effects—Changes that are consrdered undesuable because they alter valued

; structural or ﬁmctronal characteristics of ecosystems or their components An evaluatlon

of adver51ty may con51der the type, mten51ty, and scale of the effect as well as the

potentlal for recovery. - , N

: Agent—Any physical, chemical, or blologlcal entity that can mduce an adverse response
~ (synonymous with stressor). ‘

_‘ Assessment endpoint—An explicit expressron of the env1ronmental value that is to be protected,
operationally defined by an ecologlcal entlty and its attributes. For example, salmon are
“valued ecologlcal ent1t1es reproduction and age class structure are some of their
important attnbutes Together “salmon reproductlon and age class structure” form an
assessment endpoint. ‘ :

Attrlbute—A quality or charactenstlc of an ecologlcal entity. An attnbute is one component of f
an assessment endpomt . . ‘

Characterization of ecologlcal effects———A portron of the analysis phase of ecologlcal nsk
assessment that evaluates the abrhty ofa stressor(s) to cause adverse effects under a
particular set of clrcumstances ‘

Characterization of exposure——A portlon of the analysrs phase of ecologlcal risk assessment
that evaluates the interaction of the stressor with one or more ecologrcal entities.

Exposure can be expressed as co-occurrence or contact dependmg on the stressor and
ecological component involved. :

Community—An assemblage of populations of different species w1th1n a spec1ﬁed locatlon in

- space and time. S o
 Comparative risk assessment——-A process that generally uses a professronal Judgment approach '

- to evaluate the relative magnitude of effects and set priorities among a wide range of

. envrronmental problems (e.g., U.S. EPA, 1993d) Some apphcatlons of this process are
' similar to the problem formulatron portlon of an ecologlca.l risk assessment in that the |
outcome may help select toplcs for further evaluatlon and help focus limited resources on
areas having the greatest risk reductlon potent1a1 In other s1tuat10ns a comparative risk |
"assessment is conducted more like a preliminary risk assessment. For example EPA’s
Science Advisory Board used professional judgment and an ecologlcal risk assessment

approach to analyze future ecologlcal nsk scenarios and risk management alternatives
" (US.EPA, 1995e) | S




: Conceptual model—A conceptual model in problem formulation is a written description and

visual representatidii of predicted relationships ““Eéﬁi}ééﬂwéwlog‘i‘gal entities and the

Cumulatlve distribution functlon (CDF)—Cumulatlve dlstnbutlon functlons are particularly
i the‘ hkehh d that iable 'll fall w1th1n different ranges of x.

‘ty that a vanable w111 have a "

_value Iess than or equal to x (ﬁgure B-1). ‘
8 Cumulatxve ecological risk assessment—A process that involves con31derat10n of the aggregate -

* ecological risk to the target entity caused by the accumulation of risk from multiple

m, community, or population
e physical environment

CDF for a Normal Distribution CDF for a Log-Normal Distribution

Cumulative Probabllity

Cumulative Probablity




ECso——A statlstlcally or graphlcally estlmated concentration that is expected to cause one or
more spec1ﬁed effects in 5 0% ofa group of organisms under speclfied condmons
(ASTM, 1996). ) ' R N
‘ Ecologlcal entlty—A general term that may refer to a species, a group of spec1es, an ecosystem
function or characteristic, or a speciﬁc habltat An ecolog1ca1 entity is one component of -
an assessment endpomt : ,
Ecological relevance—One of the three cntena for assessment endpomt selectlon Ecologlcally
relevant endpoints reflect nnportant charactenstlcs of the system and are functlonally 3
related to other endpomts ] ' ' ~
: Ecologlcal risk assessment——The process that evaluates the hkehhood that adverse ecologlcal v
‘effects may occur or are occurrmg asa result of exposure to one or more stressors.
Ecosystem—The biotic commumty and ablotlc environment within a spec1fied locatlon in space ‘
and time. o : A , T |
“Environmental impact statement (EIS)—Environmental impact statements are prepared under
the Natlonal Envu'onmental Policy Act by Federal agencies as they evaluate the b ‘
) enwronmental consequences of proposed actions. EISs describe basehne environmental .
: conditions; the purpose of;, need for, and consequences of a proposed action; the no-
action alternative; and the consequences ofa reasonable range of altematlve actions. A -
separate risk assessment could be prepared for each alternative, or a comparative risk
‘assessment mlght be developed However nsk assessment is not the only approach used
in EISs , ' ‘
- Exposure—The contact or co-occurrence of a stressor with a receptor ,

Exposure profile—The product of characterization of exposure in the analys1s phase of
~ecological risk assessment. The exposure profile summarizes the magmtude and spat1a1
and temporal patterns of exposure for the scenarios descnbed in the conceptual model.

Exposure scenario—A set of assumptlons concermng how an exposure may take place,
including assumptlons about the exposure settmg, stressor charactenstlcs and act1v1t1es ,
that may lead to exposure. - ' |

Hazard assessment—Thls term has been used to mean either (1) evaluating the intrinsic effects

* of a stressor (U.S. EPA, 1979) or (2) defining a margin of safety or quotlent by
' companng a tox1colog1c effects concentratlon with an exposure estimate (SETAC, 1987). -
' LC_:,O——A statlstlcally or graphlcally estimated concentration that is expected to be lethal to 50%
‘of a group of orgamsms under spec1ﬁed conditions (ASTM 1996)

Lines of ev1dence—Informatlon derived from different sources or by different techmques that

can be used to describe and mterpret risk estimates. Unhke the term v welght of

B-3




ent of quantitative weightings to

it does not necessanly 1mp1 ass1

" information. “ w
Lowest-observed-adverse-effect level (LOAEL)-;-The lowest-level of a stressor evaluated ina
- test that causes statistically significant dlﬁerences from the controls. |
Maxnmum acceptable toxlc concentratlon (MATC)—For a partlcular ecologlcal effects test,
. NOAEL and the LOAEL or the

locanon of ecologlca.l ent1t1es of the as ssmen ndpomt the dlstnbutlon of a stressor,
and‘hfe-hmtory characteristics of the assessment endpomt or 1ts surrogate that may aﬂ'ect

int or 1ts ‘sur‘ro‘gate in

Measure of exposure—A measure of stressor existence and movement in the env1ronment and
| ssessment endpoint. o |

a stressor evaluated ina test “

o

10t through effects on other components of the ecosystem (synonymous with direct

- effect; compare with definition for secondary effect). )

robablhty densnty‘ function (PDF)——-Probablhty dens1ty functions are partlcularly useful in

.- describing the relatlve hkehhood that a variable will have different partlcular values of x.
The probablhty that a vanable will have a value w1thm a small mterval around x canbe

“Receptor—The ecological entity exposed to the stressor.

Recovery——-The rate and extent of retum of a populatlon or commumty to some aspect(s) of i 1ts

at mmﬂuence the behav1or andu
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-Figufe B-2. Plots of prob'ability densify functions (PDF).

‘Relative risk assessmexit—A process Sirnilar to coﬁaparaﬁve risk assessment It invol{/es
' estlmatmg the risks associated with different stressors or management actlons To some,

relative nsk connotes the use of quantitative nsk techmques, while comparatlve nsk "
approaches more often rely on professional _]udgment Others do not make thlS ,'
distinction. ' i ' '

‘ Retrospective risk assessment—An evaluation of the causal hnkages between observed .
ecological effects and stressor(s) in the environment.

Rlsk charactenzatlon—A phase of ecological risk assessment that mtegrates the exposure and

' stressor response proﬁles to evaluate the likelihood of adverse ecological effects
associated with exposure to a stressor Lmes of evidence.and the adversity of effects are,‘

d1scussed
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*. herbivores make up the second).




APEENDIX C-;CONCEPTUAL MODEL EXAMPLES

| Conceptual model dlagrams are VISual representatlons of. the conceptual models. They
- 'may be based on theory and logic, empmcal data, mathematlcal models or probablhty models.
These dlagrams are useful tools for commumcatmg unportant pathways in a clear and concise
- way. They can be used to ask new questions about relatlonshlps that help generate plau31ble nsk
hypotheses Further discussion of conceptual models i is found in sectlon 3.4. ’
Flow dlagrams like those shown in ﬁgures C-1 through C-3 are typical conceptual model '

-dlagrams When eonstructing flow dlagrams, it is helpful to use dlstmct and consistent shapesto-

distinguish between stressors, assessment endpomts, responses, exposure routes, andecos'ystem

. Source -
(e.g., logging plan) |

Pfimary Stressor _
_(e.g., building logging roads)

Interaction with : ,
- ecosystem L o (No exposure of receptor
~ (e.g., slope, soil type). S . X by this pathway)

Exposure
of receptor

Secondary

Stressor -
(e.g.,increased |
siltation of stream)

‘Primary Effect :
(e.g., smothering of >
benthic insects)

Interspecies interaction (e.g., food,
habitat, competition)

Secondary (Indirect) Effect
- (e.g., decreased abundance
‘of insectivorous fish)

, Figure C-1. Conceptual model for logging.
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Figure C-2. Conceptual model for tracking stress associated with lead shot through
upland ecosystems. Reprinted from Environmental Toxicology and Chemistry by
Kendall et al. (1996) with permission of the Society of Environmental Toxicology and

Chemistry (copyright 1996).
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Figure C-3. "Waquoit Bay watershed_ conceptual model.

.processes Although flow d1agrams are often used to 1llustrate conceptual models, there 1s no set
conﬁguratlon for conceptual model dlagrams and the level of complex1ty may vary con51derably
depending on the assessment. Plctonal representations of the processes of an ecosystem can be
more effective (e.g., Bradley and Smith, 1989) . :

’ F1gure C-1 1llustrates the relatlonshlp between a pnmary phys1cal stressor (loggmg roads)
and an effect on an assessment endpomt (fecundlty in msectlvorous fish). This simple dlagram
illustrates the effect of bulldmg loggmg roads (Wh1ch could be considered a stressor ora source)
in ecosystems where slope soil type, low npanan cover, and other ecosystem charactenstlcs lead

' to the erosion of soil, which enters streams and smotheérs the benthic organisms- (exposure |
pathway i is not expllclt in this diagram). Because of the dependence of i insectivorous fish on ‘
benthic orgamsms the ﬁsh are believed to be at nsk ﬁ'om the building of logglng roads. Each

‘arrow in this dlagram represents a hypothesxs about the proposed relatlonsh1p (e.g:, human action
and stressor stressor and effect pnmary effect to secondary effect) Each risk hypothes1s
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Figure C-3. Waquoit Bay watershed conceptual model (continued).
é) to track a contammant

o thmugh upland ccosystemsw In this example, upland birds are exposed to lead shot when 1t

.. becomes embedded in their tissue aﬁer being shot and by mgestmg lead accldentally when -
feeding on the ground. Both are hypothesized to result in increased morb1d1ty (e 8- lower
h1gher predation and infection) and mortahty, either
in n) or mduectly (eﬁ'ects of morbldlty leading to mortality). These
eﬁ'ects are bchevcd to result in changes in upland bird populatxons and, because of hypothesmed |
3 of prcdators to lead, to mcreased predator morta.hty This example shows mulnple -
‘ekposiite pathways for effects on two assessment ‘endpoinits. Each arrow coritains within it

‘ rcp ductxon and




assumptlons and hypotheses about the relat1onsh1p dep1cted that provzde the basis for 1dent1fymg

- data needs and analyses

Figure C-3isa conceptual model adapted from the Waqumt Bay watershed risk

' assessment At the top of the model, multiple human act1v1t1es that occur in the watershed are -
shown i in rectangles Those sources of stressors are linked to stressor types deplcted in ovals.
Multlple sources are shown to contribute to an 1nd1v1dual stressor, and each source may contribute

_to more than one stressor. The stressors then lead to multtple ecologlcal effects depicted again in
“rectangles. Some, rectangles are double-lined to mdlcate effects that can be directly measured for

7 data analysis. F mally, the effects are linked to particular assessment endpoints. The connectlons

- show that one eﬁ'ect can result in changes.in many assessment endpomts To ﬁJlly depict
exposure pathways and types of effects, specific portions of this conceptual model would need to
be expanded to illustrate those relatlonsthS
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APPENDIX D—-ANALYSIS PHASE EXAMPLE_S

The analy51s phase process is illustrated here for a chemrcal physical, and blologlcal
~ stressor, These examples do not represent all possrble approaches, but they illustrate the analysrs
~ phase process using information from actual assessments ' :

D.1. SPECIAL REVIEW OF GRANULAR FORMULATION S OF CARBOFURAN 7

~ BASED ON ADVERSE EFFECTS ON BIRDS

} Figure D-1 is based on an assessment of the risks of carboﬁJran to birds under the Federal
Insecticide, Fungicide, and Rodenticide Act (F IF RA) (Houseknecht, 1993) Carbofuran is a
broad-spectrum insecticide and nematicide applied primarily in granular form on 27 crops as well
 as forests and pine seed orchards The assessment endpomt was survrval of birds that forage in
agrlcultural areas where carbofuran is applied. ‘ '

The analysrs phase focused on birds that may mcrdentally ingest granules as they forage or
that may eat other animals that contam granules or res1dues Measures of exposure included
application rates, attnbutes of the formulatlon (e.g., size of granules), and residues in prey

~ organisms. Measures of the ecosystem and receptors included an mventory of bird species that
~ may be exposed followmg applications for 10 crops. The birds’ respective feedmg behaviors
were considered in developmg routes of exposure Measures of effect mcluded laboratory toxicity
. studies and field investigations of bird mortality. N o : ‘
‘ - The source of the chemical was application of the pestrcrde in granular form. The
drstnbutlon of the pest1c1de in agricultural fields was estimated on the basis of the apphcatlon -
rate. The number of exposed granules was estrmated from literature data. On the basrs ofa
review of avian feedrng behavior, seed-eatmg birds were assumed to ingest any granules left
‘ uncovered in the field. The mtensrty of exposure was summarized as- the number of exposed
granules per square foot. ' ' ' ,

The stressor-responsel relatlonsh1p was descnbed using the results of toxicity tests These
data were used to construct a toxicity statistic expressed as the number of granules needed to kill
50% of the test birds .., granules per LDso) assummg 0.6 mg of active ingredient per granule
and average body weights for the birds tested Field studles were used to document the .

- occurrence of bird deaths following applications and prov1de further causal ev1dence Carbofuran
residues and cholinesterase levels were used to confirm that exposure to carbofuran caused the
deaths ' '




| Measures of Exposure:
| Application rates,
formulation attributes,
residues in invertebrates
and prey organisms

Describe Source:

Measures of
Ecosystem and
Receptor .
Characteristics:
Species
occurrences in
agri-ecosystems,
bird feeding habits

Application of granular
pesticide

Describe Distribution in the

application methods

Describe Exposur&
Of birds to carbofuran in

Environment: number of exposed granules
r square foot estimated for different.

granules, soil invertebrates,
and prey organisms

‘Measures of Effects:

Toxicity tests, field

studies of bird mortality

Describe
Stressor-Response
Relationship:
Number of granules needed
for 50% mortality
in test species

Exposure
Profile

Experimental evidence,

Describe
Causal Evidence:

field studies,
biomarkers of
exposure

Stressor-Response Profile

Figure D-1. Example of the analysis phase process: special review of cz_irbofuran.
Rectangles indicate inputs, hexagons indicate actions, and circles indicate outputs.




D.2. MODELING LOSSES OF BOTTOMLAND-FOREST WETLANDS | |
- Figure D-2 is based on an assessment of the ecological consequences (risks) of long-term
changes in hydrologic conditions (water-level elevations) for three habitat types in the Lake h
Verret Basin of Louisiana (Brody et al., 1989 1993; Conner and Brody, 1989) The pro_lect was
mtended to provrde a habitat-based approach for assessmg the envrronmental impacts of Federal
water projects under the National Envu'onmental Policy Act and Sectlon 404 of the Clean Water
Act. Output from the models provided risk managers with information on how changes in water |
elevation m1ght alter the ecosystem The primary anthropogemc stressor addressed in this
' assessment was artificial levee construction for flood control which contnbutes to land
subsidence by reducmg sediment deposition in the ﬂoodplam Assessment endpomts included
~ forest commumty structure and habitat value to Wlldhfe spec1es and the spemes compos1t10n of
the wildlife community. : o T .

The analys1s phase began by consrdenng primary (drrect) effects of water-level changes on
| _plant commumty composrtlon and habitat characteristics. Measures of exposure included the
attributes and placement of the levees and water-level measurements. Measures of ecosystem and
receptor charactenstlcs included locatlon and extent of bottomland-hardwood communities, plant
species occurrences within these communities, and mformatlon on historic flow regimes.

* Measures of effects mcluded laboratory studies of plant response to molsture and field
measurements along moisture gradients. : . ' k'

While the pnncrpal stressor under. evaluatlon was the construction of levees, the decreased
gradient of the river due to sediment deposition at its mouth also contributed to increased water ~
~ levels. The extent and frequency of flooding were s1mulated by the FORFLO model based on

‘estlmates of net subsidence rates ﬁ'om levee construction and decreased river gradrent Seedsand
' seedlings of the tree specres were assumed to be exposed to the altered ﬂoodmg reglme Stressor-
response relatlonshlps descnbmg plant response to moisture (e.g., seed germination, survrval)
were embedded within the F ORFLO model. This information was used by the model to simulate
changes in plant commumtres the model tracks the species type, drameter and age of eaeh tree _
on simulated plots from the time the tree enters the plot as a seedling or sprout until it d1es The
FORFLO model calculated changes in the plant commumty over time (ﬁ'om 50 to. 280 years) '
The spatial extent of the three habitat types of i mterest—wet bottomland hardwoods dry
‘bottomland hardwoods and cypress-tupelo swamp—was mapped into a GIS along with the
hydrological mfonnatlon The changes pro_]ected by FORFLO were then manually linked to the
GIS to show how the spatial distribution of different communities would change. Evidence that - .
: ﬂoodmg would actually cause these changes included comparisons of model pred1ct10ns Wrth '
ﬁeld measurements the laboratory studies of plant response to ' '

D3




Levee attributes,

Measures of Exposure:

water-level measures

Measures of Ecosystem and Measures of
Receptor Characteristics: Effects:

Flow regime, location and extent Field studies,
of bottomland hardwood laboratory tests

communilty, species occurrences

PRIMARY EFFECTS:
Using FORFLO Model

‘ Describe Distribution "\
of Stressor in the Envuonment.

Describe Stressor-Respons

Soil moisture/flooding -
germination, survival, and growth

Using FORFLO model

Describe Disturbed

Environment:
Plant community
composition

| <xtrapolate to Plant Community ‘

SECDNDARY EFFECTS Es

to altered plant
community

Ducribe Exposure 2 \ Using Habltat Snitabxlity Indices
Of wildlife sp

Describe Stressor-Response
Relationship:
Plant community-
habitat suitability for wildlife

Describe Causal
Evidence:
Mechanism of action, field
studies, laboratory
experimentation,
model validation

Combined Exposure and Stressor-Response Profile j

Figure D-2. Example of the analysis phase process: modeling losses of bottomland
hardwoods. Rectangles indicate inputs, hexagons indicate actions, and circles

indicate outputs.




m01sture and knowledge of the mechamsms by which ﬂoodmg elicits changes in plant
‘commumtles h . S . . _
. Secondary (mdrrect) effects on wﬂdhfe assocrated vnth changes in the habltat provxded by
the plant commumty formed the second. part of the analysxs phase Important measures mcluded
: hfe—h1story charactéristics and habitat needs of the wildlife species. Effects on wildlife were
bmferred by evaluating the smtablhty of the plant commumty as habitat. Specific aspects of the
community structures calculated by the FORFLO model provided the input to this part of the
analysis. For example, the number of snags was used to evaluate habitat value for ' woodpeckers.
Resident wildlife (represented by ﬁve species) was assumed to co-occur with the altered plant
community. Habitat value was evaluated by ca.lculatmg the Habltat Sultablhty Index (HSI) for
each habitat type multiplied by the habitat type s area.
A combined exposure and stressor-response profile is shown in ﬁgure D-2; these two .
elements were combined with the models used for the analy51s and then used directly in risk

charactenzatlon

D.3. PEST RISK ASSESSMENT OF IMPORTATION OF LOGS FROM CHILE
Figure D-3 i 1s based on the assessment of potentlal risks to U.S. forests due to the

mc1dental mh'oductlon of i msects fungi, and other pests mhabltmg logs harvested in Chile and

' transported to U.S. ports (USDA, 1993) This risk assessment was used to determine whether

- actions to restrict or regulate the importation of Chilean logs were needed to protect U.S. forests

and was conducted by a team of six experts under the ausplces of the U.S. Department of
: Agnculture Forest Serv1ce Stressors include insects, forest pathogens (e.g., fungi), and other

. - pests. The assessment endpomt was the survival and growth of tree species (partlcularly comfers)

in‘the western United States. Damage that would affect the commerc1a1 value of the trees as .
lumber was clearly of interest. v . ‘ _ '

‘The analysis phase was carried out by eliciting profess1onal oplmons from a team of
' experts Measures of exposure used by the team mcluded distribution mformatlon forthe
imported logs and attributes of the insects and pathogens such as d1spersal mechamsms and life-
hlstory characteristics. Measures of écosystem and receptor characteristics included the chmate of -
~ the United States, location of geographlc barriers, knowledge of host smtablhty, and ranges of
poténtial host species. Measures of effect mcluded knowledge of the mfect1v1ty of these pestsin
other countries and the infectivity of s1m1lar pests on U.S. hosts. o ‘

ThlS mformatlon was used by the risk assessment team to evaluate the potential for
- exposure. They began by evaluating the likelihood of entry of infested logs mto the Umted

' States The dlstnbutlon of the organism’s given entry was evaluated by consrdenng the potentlal
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Measures of Exposure: ‘Ecosystem/Receptor Measures of Effect:
Point of entry for logs, processing Measures: Infectivity of similar
status, and eventual destination, Climate, geographic. pests on U.S. hosts,
attributes of insects and pathogens barriers, host suitability, infectivity of pests in
(dispersal mechanisms, life-history extent of potential host other countries
characteristics). species’

Describe
Source:
Entry of infested
logs into U.S.

Describe Distribution
in the Environment:
Consider colonization potential,
spread potential,
survival, and reproduction

" Characterize Effects:
- Constder potential for
ecosystem destabilization,
: reduction in biodiversity, and
\ loss of keystone or
Describe Exposure: ' endangered species
Of resources of concern

Exposure Profile _ : @r—Respon@

Figure D-3. Example of the analysis phase process: pest ris)k‘asses’sment of the
importation of logs from Chile. Rectangles indicate inputs, hexagons indicate actions,
and circles indicate outputs.
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for colonization and spread beyond the point of entry as well as the likelihood of the orgamsms
- surviving and reproducing. The potential for exposure was summanzed by ass1gmng each of the
- above elements a Judgment-based value of h1gh medium, or low, - :

- The evaluatlon of ecologlcal effects wis also conducted on the basm of collectlve
professmnal Judgment Of greatest relevance to this guldance was the cons1deratton of
environmental damage potential, defined as the likelihood of ecosystem destablhzatlon reductlon

T in blodlver51ty, loss of keystone spec1es, and reduction or elimination of endangered or threatened

species. (The team also considered economic damage potent1a1 and social and pohtlcal

- | influences; however, for the purposes of these Guidelines, those factors are considered to be | part

of the risk management process.) Again, each consideration was a551gned a value of high,
- medlum, or low to summarize the potenttal for ecologlcal effects

i
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APPENDIX E—CRITERIA FOR DETERMINING ECOLOGICAL ADVERSITY: A
HYPOTHETICAL.EXAMPLE"(Adapted from Hartwe_ll et al., 1994)2

. As aresult ofa COHISlOn at sea, an 011 tanker releases 15 million barrels of #2 fuel oil 3 km
: offshore Ttis predlcted that prevaihng winds will carry the fuel onshore ‘within 48 to 72 hours
The coastline has numérous small embayments that " support an extensive shallow, slopmg subtidal . -
community and a rich intertidal commumty A preliminary assessment determines that ifno =~
action is taken, 51gmﬁcant risks to the commumties will result. Addltional risk assessments are
conducted to determine which of two optlons should be used to clean up the oil spill. ,
Option 1 is to use a dispersant to break up the slick, which would reduce the hkehhood of
7 extenswe onshore contamination but would cause extensive mortahty to the phytoplankton,

- zooplankton and 1chthyoplankton (ﬁsh larvae), which are 1mportant for commerc1al fisheries. . .
Option 2 is to try to contain and pump off as much oil as possrble this. option anticipates that a
shift in wind dlrection will move the spill away from shore and allow for natural drspersal at sea. -
If this does not happen, the oil will contaminate the extenswe sub- and intertidal mud flats, rocky

intertidal commumtles and beaches and pose an additional hazard to avian and mammahan fauna.
- Itis assumed there will bea demonstrable change beyond natural vanablhty in the assessment
endpomts (e.g., structure of planktomc benthic, and mtertldal communities). What is the
adversity of each optlon‘? - ‘

. Nature and intensity of the effect. For both options, the magnitude of change in the
o assessment endpoints is likely to be severe. Planktonic populations often are.

' charactenzed by extensive spatial and temporal vanablhty Nevertheless, w1th1n
the spatial boundanes of the spill, the use of dispersants i is likely to produce -
complete mortahty of all planktomc forms within the upper 3 m of water. For -~ ~ '
benthic and intertidal commumtles which generally are stable and have less spatial - -
and temporal variability than planktonic forms, oil contaminatlon will likely result ‘
in severe impacts on survival and chironic effects lastmg for several years. Thus

" under both options, changes in the.assessment. endpoints will probably-exceed the
*natural variability for threatened communities in both space and time.. |

-2 This example is 81mp11ﬁed for illustrative purposes In other situations, 1t may be
7 cons1derably more dlfﬁcult to draw clear conclusmns regarding relatrve ecological adversity.

]
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extensive, the area of unpact constltutes a small percentage of the landscape. This
leaves considerable area available for replacement stocks and creates 51gmﬁcant

- w};;j}ﬂﬁ'agmentatxcn of either the planktomc or mter- and subtidal habltats ‘Ecological B

adversﬂy is reduced because the area is not a mammallan or avian m1gratory

corridor.

ience w1th other oil spills, it is

: revers1b1hty of changes in phytoplankton and zooplankton populations should be
short (days to weeks) given their rap1d generation times and easy nmmgratlon from
adjacent water masses. There should not be a long recovery period for

“ichthyoplankton, since they typlcally expenence extensive natural mortality, and

-~ immigration is readily avallable from surroundmg water masses. On the other
and, the time needed for rever31b1hty of changes in benthic and mtertldal

be likely to persist in sedlments and on rocks for several months to years. Second,
the life histories of the specles compnsmg these commumtles span 3 to 5 years.
Third, the reestablishment of benthlc intertidal commumty and ecosystem structure
- (hlerarchlcal compositi

d functlon) often reqmres decades.

Both options result in (1) assessment endpomt effects that are of great seventy, (2)

-exceedances of natural variability for those endpoints, and (3) similar estimates of areal 1mpact ”

ersrblhty In thls regard changes to |
> than those to the plankton

ommuhities is likely to be long (years to decades) _First, the stressor (oil) would |

pacts snn for each of the optlons Whlle

HERRNERY N AT

some time penod The time needed for ‘ |

tively PreVentmg ihom
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- PATIT B: RESPONSE TO SCIENCE ADVISORY BOARD AND PUBLIC COMMENTS

L. INTRODUCTION ‘ ,
“This section summarizes the major issues raised in pubhc comments and by EPA’s
. Science Adv1sory Board (SAB) on the previous draft of these Guidelines'(the Proposed
' Guidelines for Ecological Risk Assessment, hereafter “Proposed Guldehnes”) A notice of
avarlablllty for public comment of the Proposed Guidelines was published September 9, 1996 (61
FR 47552-47631). Forty-four responses were received. The Ecological Processes and Effects
Committee of the SAB reviewed the Proposed Guidelines on September 19-20 1996 and
provrded comments in January 1997 (EPA-SAB-EPEC-97- 002)

- The SAB and public comments were diverse, reﬂectmg the different perspectlves of the
reviewers. Many of ‘the comments were favorable expressing agreement with the overall
approach to ecological risk assessment. Many comments were beyond the scope of the
Guidelines, mcludmg requests for gu1dance on risk management 1ssues (such as consrdenng social
or economic nnpacts in decision making). Major issues raised by reviewers are summarized
below. In addition to prov1dmg general comments (sectron 2), reviewers were asked to comment

" on seven specrﬁc questions (section 3). ’

2. RESPONSE TO GENERAL COMMENTS ‘ : , ( ,
Probably the most: common request was for greater detail in specific areas. In some cases,
"additional’ drscussron was added (for example, on theuse of tiering and 1teratlon and the |
respective roles of nsk assessors, risk managers, and interested parties throughout the process). . In
_ other areas, topics for additional discussion were included in a list of potential-areas for fu'rther ‘
‘ development (see response to question 2, below) Still other toplcs are more appropriately ]
addressed by regional or program offices within the context of a certain regulatron or issue, and ,
are deferred to those sources. , ’ ‘
A few reviewers felt that since ecologlcal risk assessment is a relatrvely young scrence 1t
is premature to issue guldelmes at this time. The Agency feels that it is appropnate to issue ‘
- guidance at this time, especrally since the Guidelines contam major principles but refrain from
‘recommending specific methodologies that mlght become rapidly outdated. To help ensure the
- continued relevance of the Guidelines, the Agency intends to develop documents addressing ~ *
specific toplcs (see response to question 2 below) and will revise these Guldehnes as expenence '
and scientific consensus evolve. , o
"Some reviewers- asked whether the Guldelmes would be applied to previous or ongoing
' ecologrcal nsk assessments and whether ex15t1ng regional or program office gmdance would be

1




perseded m condu e m“sectlon 13 (Scope and
‘ ines are pri and as regulatory in nature. It is
anticipated that guidance from program and regional ofﬁces will evolve to implement the

-principles set forth in these Guidelines. Slmﬂarly, some rev1ewers requested that assessments
u1re acom arison of the nsks of altematlve scenarios (mclud' b ckground or baselme |
tions) o : c o“habltats These
R decisions would be most appropriately made on a case-by-case basis, or ‘b‘y a program ofﬁce in

“response to program-specific needs.

al governments at pomts in

the Gmdelmes where other govemmental orgamzatlons are mentloned

ch a f quahficatlons for an |
“ “‘ecoloéical risk assessor, an a standard ‘be very difficult to produce, since ecologlcal ’
“assessments are ﬁ'equently done by teams of individuals with expertise in many areas. To avoid | '
sthis problem, the Guidelines now use the term “professional judgment,” and note that it is
important to document the rationale for important decisions.

Some reviewers felt that the Guidelines should address eﬁ'ects only at the population level

effects Second the decrsron asto whlch ecologlcal entlty to protect should be the result ona
case-by-case basxs, of the planmng process mvolvmg risk assessors, nsk managers and 1nterested o

on tnd1v1duals (e.g., tox1clt§
test results) to infer populatlon-level effects. These mferences are commonly used (and generally
ce of Pollutlon Preventlon and Toxrcs |

E ‘ do more to encourage the use of mdlces wh11e others felt that the o
- i i e uldehnes dlscuss both the
‘a vantages and hmltatlons of using indices to guide risk assessors in their proper use.
Other reviewers requested that the Guidelines take a more definitive position on the use of
“realistic eg;posnre assumptions,” such as those proposed in the Agency’s exposure guidel‘ines - |




(U.S. EPA, 1992b) Although the exposure guldehnes offer many useful suggestlons that are

A apphcable to human health risk assessment, it was not possible to generalize the concepts to
-ecologlcal risk assessment, given the various permutatrons of the exposure concept for different

' types of stressors or levels of blologlcal organization. The Guidelines emphasize the importance
of documentmg maJ or assumptions (mcludmg exposure assumpuons) used in an assessment.

“Several reviewers requested more guxdance and examples using nonchemlcal stressors,
" i.e., physical or blologlcal stressors: Thrs topic has been included in the list of potentral subJects
for future detalled treatment (see response to questlon 2, below).

3. RESPONSE TO COMlVIENTS ON SPECIFIC QUESTIONS ‘
Both the Proposed Guidelines and the charge to the SAB for its review contamed asetof
seven questlons asked by the Agency. These questlons, along with the Agency s response to
comments recerved are listed below. :
(1) Consistent with a recent Natzonal Research Council report (NRC, 1996), these

‘ Proposed Guidelines emphaszze the importance of interactions between risk assessors and risk

managers as well as the critical role of problem formulation in ensurzng that the results of the

risk assessment can be used for decision making. 0verall how compatzble are these Proposed

‘Guidelines wzth the Natzonal Research Counczl concept of the risk assessment process and the '

- interactions among risk assessors, rzsk managers, and other znterested parties?

‘Most reviewers felt there was general compatlbrhty between the Proposed Guidelines and
the NRC report, although some emphasized the need for continued interactions among risk -

, assessors risk managers, and interested parties (or stakeholders) throughout the ecological nsk
assessment process and asked that the Gmdelmes provide addltlonal details concermng such
mteractrons To give greater emphasis to these mteractlons the ecologlcal risk assessment
dlagram was modified to include “interested parties” in the planning box at the begmn_mg of the

* process and “communicating with interested parties” in the risk management box following the

"« risk assessment. Some additional discussion concerning interactions amo_ng risk assessors, risk |

‘managers, and inte_rested parties was added, particularly to section 2 1(p'1an’ning). ‘However,

although‘risk assessor/risk manager interrelationships are discussed; too great an emphasis in this

area is "incons’istent with the scope of the Guidelines Which focus on the interface between risk
assessors and risk managers not on prov1d1ng risk management guldance ' ‘

| (2) The Proposed Guidelines are intended to provzde a starting point for Agency

programs and regional oﬂz‘ces that wish to prepare ecological risk assessment guidance suited to

their needs. In addition, the Agency intends'to sponsor development of more detailed guidance on

certain ecologzcal rzsk assessment topzcs Examples nght include identification and selectzon of

-




P r the development and

ipplication of nee of ecologzcal rzsk

sessment an Agency needs and przorztzes, what topzcs most requzre additional guldance9

. risk commumcatron to the pubhc

‘pubhc partlclpatlon e
arative ecologlcal risk ‘

S ‘identifyi.ng and selecting assessrnent endeints.

hese suggestrons wrll be mcluded ina hstmg of possrble toplcs proposed to the Agency s Rlsk

w (3) Some reviewers have suggested thatthe Proposed Guidelines shonld provide rnore

rdiscussion of topics related to the use of. ﬁeld observatwnal data in ecologtcal risk assessments,
such as selection of reference sites, znterpretatzon of, posztzve and negative field data, establzshzng
‘causal linkages, zdentyfyzng measures of ecological condition, the role and uses of monitoring,
and resolving conﬂtctmg lines of evzdence between ﬁeld and laboratory data. Given the general |
scope of these Proposed Guidelines, what zf any, addztzonal materzal should be added on these
Wtoptcs and, ;f so, what prznczples should be hzghllghted 7

~Inresponse toa number of comments, the discussion of field data in the Guidelines was

anded especlally in section 4.1. Nevertheless , many suggested toplcs requested a level of

~detail that was inconsistent with the scope of the GuldeImes Some areas may be covered through

" the development of future Risk Assessment Forum documents




. @ T he scope of the Proposed Guzdelmes is mtentzonally broad However whzle the
zntent is to cover the full range of s stressors, ecosystem types, levels of bzologzcal organzzatzon
and spatzal/temporal scales, the contents of the Proposed Guidelines are limited by the present
- State of the science and the relative lack of experzence in applying risk assessment prmczples to

some areas. In partzcular given the Agency's present interest in evaluating risks at larger spatzal
‘Ascales how could the prmczples of landscape ecology be more ﬁdly mcorporated znto the
" Proposed Guidelines? ' ' ' |
Landscape ecology is critical to many aspects of ecologlcal nsk assessment, espec1a11y
assessments conducted at larger spatla.l scales. However, given the general nature of these
~ Guidelines and the responses received to th1s question, the Guidelines could not be expanded
substantially at this tlme This toplc has been added to the llst of potentlal subjects for ﬁ.tture o
development ‘ . : ‘ ‘ . : o -
(5) Assessmg risks when multzple stressors are presentis a challengmg task. The
. problem may be how to aggregate risks. attrzbutable to individual stressors or zdentgﬁz the
. principal stressors responszble for an observed eﬁ’ect Although some approaches for evaluatzng
risks associated with chemical mixtures are available, our ability to conduct risk assessments
involving multzple chemical, physzcal and biological stressors, especially at larger. spatzal scales, -
s lzmzted Consequently, the Proposed Guidelines primarily dzscuss predzctzng the effects of
chemical mzxtures and general approaches Jfor evaluatzng causalnjy of an observed effect. What
addn‘zonal principles can be added ? ;
'Few additional prmcrples were prov1ded that could be mcluded in the Guidelines. To o
further progress in evaluating multlple stressors, EPA cosponsored a workshop on this issue, held
by the Somety of Environmental Toxicology and Chemistry in September 1997. In addition,
evaluatlng multiple stressors is one of the proposed topics for further development
 (6) Ecological risk assessments are frequently conducted in tiers that proceed ﬁom
simple evaluations of exposure and eﬂects,to more complex assessments. . While the Proposed
~Guidelines aCknowledge the importance of tiered assessments the wide range of applications of A N
tiered assessments make ﬁzrther generalzzatzons di ﬁicult szen the broad scope of the Proposed J
Guzdelmes what addztzonal prznczples Jor conductzng tiered assessments can be discussed? '
Many reviewers emphasrzed the nnportance of tiered assessments, and in response the
| discussion of tiered assessments was significantly expanded i in the planmng phase of ecological
risk assessment Includmg more detailed information (such as specific decision criteria to proceed
from one tier to the next) would require a particular context for an assessment. Such specrﬁc o

guldance is left to the EPA program ofﬁces and reglons




. (7) Assessment endpoints are “explicit expression of the environmental value that is to be

protected ” As used in the Proposed Guidelines, assessment endpoznts include both an ecologzcal

extent of wetlands) Some |
o‘n‘ crzterzon that zs

ion in reproductlon ”

P ‘ Gutdelmes suggest that such deczszons are more approprla ely made durmg discussions between"

Q felt strongly that dec1s1 ‘ n
d those who felt Just as strongly that such

e Guldellnés contam more |

“specific decision ¢




