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Abstract

Ecological nisk assessment (ERA) can be used to denive
environmental quality criteria or to serve as the basis for
making remediation decisions In order to encourage
consistency 1n approaching ERA, a framework has been
developed and 1s recommended The framework consists
of three tiers Screening Assessment, Preliminary
Quantitative ERA, and Detailed Quantitative ERA Each
tier 1s compnsed of the same components receptor
characterization,  exposure  assessment,  hazard
assessment, and rnsk characterization Progression
through the tiers 1s motivated by the level of uncertainty
associated with the estimate of risk determined at the
completion of each tier Extensive planning 1s required
before mitiating an ERA, and detailed reporting 1s
essential throughout the ERA process

Résumé

L'évaluation du nisque écotoxicologique (ERE) peut &tre
utihsée pour établir des cntéres de qualité environ-
nementale ou pour servir de cadre de travail a la prise de
décisions relatives a 'application de mesures d'assainis-
sement Afin de promouvorr la cohérence dans la tenue de
I'ERE, un cadre de travail a été nms au point et est
recommandé Ce cadre comprend trois niveaux, soit une
évaluation de dépistage, une ERE quantitative
préhminaire et une ERE quantitative détaillée Chaque
niveau comprend les mémes étapes caracténisation des
récepteurs, évaluation de Il'exposition, évaluation du
danger et caractérisation des nisques Le passage d'un
niveau a l'autre est fondé sur le degré d'incertitude associé
a l'estimation des risques faite & la dermére étape de
chaque mveau Une planification approfondie est requise
avant dentreprendre une ERE et une présentation
détaillée de I'information est essential tout au long du
processus



Preface

In response to a growing public concern over the potential
environmental and human health effects associated with
contamunated sites, the Canadian Council of Mimsters of the
Environment (CCME) mitated, in 1989, the National
Contaminated Sites Remediation Program (NCSRP), a five-
year program for the assessment and remediation of high-
nsk contammated sites i Canada In order to promote
consistency in the assessment of sites under this program, a
framework for ecological risk assessment for contaminated
sites was developed

v

Thus document provides general guidance for utihzing the
framework It does not establish or affect legal nights or
obligations It does not establish a binding norm or
prohibit alternatives not mcluded 1n thts document It 1s
not finally determnative of the issues addressed
Decisions 1n any particular case will be made by applying
the law and regulations on the basis of specific facts
when regulations are promulgated or permuts are 1ssued
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A Framework for Ecological Risk Assessment:
General Guidance

10 INTRODUCTION
1.1 Background

The National Contaminated Sites Remediation Program
(NCSRP) was established to ensure a coordinated,
nationally consistent approach to the identification,
assessment, and remediation of the contaminated sites
in Canada that impact or have the potential to impact on
human health or the environment Under this program,
a national set of interim environmental quality critena
for contaminated sites was developed as a basis for the
consistent assessment and remediation of contaminated
sites (CCME 1992) At a multistakeholder workshop
held 1n November 1990, there was general agreement
that the Canadian interim environmental quality criteria
met the immediate needs of the NCSRP It was also
recognized that 1n order to fulfil the mandate of the
NCSRP to promote consistency 1n site assessment and
remediation 1n Canada, national gurdance was needed 1n
applying these criteria on a site-specific basis Two
complementary but distinct approaches were 1dentified
as the basis for the establishment of site-specific
remediation objectives

* The criteria-based approach, which incorporates
such site-specific considerations as background
levels of contaminants, technological capabilities,
economic limitations, and site/situation-specific
negotiations into the development of objectives

e The risk-based approach, which 1s based on a
detailed evaluation of hazard and exposure potential
at a particular site  Risk assessment 1s an important
tool to use where, for example, national cniteria do
not exist for a contaminant, where cleanup to
criteria-based levels 1s not feasible for the targeted
land use, where criteria-based objectives do not
seem appropriate given the site-specific exposure
conditions, where significant or sensitive receptors
of concern have been 1dentified, or where there 1s
significant public concern, as determined by the lead
agency

The NCSRP approach to contaminated sites 1s described
m CCME (1996a), which places ecological risk
assessment (ERA) in context with other contaminated
site assessment activities  The present guidance
document 1s directed toward a nisk-based approach and
describes a framework for ERA

12 Objective

The overall objective of this document 1s to provide
general guidance for ERA  This document has the
following specific objectives

* to provide a succinct and user-fniendly summary of
the essential elements of the ERA framework

* to describe the components of the framework,
mncluding the critena needed to select the investigative
tools within each component

Additional resources and examples of methods that can
be used to carry out an ERA are presented in the
technical appendices to this document (CCME 1996b)
Demonstrations of the ERA framework and process are
presented in CCME (1996¢)

1.3 Definttion of ERA

Ecological nsk assessment has vanous definitions given
by different researchers and jurisdictions A sampling
of these definitions 1s provided 1n Table 1

Although no consensus definition of ERA exists,
Pastorok and Sampson (1990) found that there were
common features of all such definitions

» prediction of the probability of adverse effects
« concept of exposure-response relationships

Various terms, as well as defimtions, have sprung up for
describing ERA and 1ts components In this document,
terms will be defined where they are first used, and
definitions are generally consistent with those used by



Table 1 Definitions of ERA

Defimtion

Reference

natural catastrophes)

The process of assigning magnitudes and probabilities to adverse effects of human activities (or

Barnthouse and Suter
1986

A formal set of scientific methods for estimating the probabilities and magnitudes of undesired
effects on plants, ammals, and ecosystems resulting from events 1n the environment, including
the release of pollutants, physical modification of the environment, and natural disasters

Favaetal 1987

A subcategory of ecological impact assessment that

ecosystem as a result of perturbation
« relates the magnitude of the impact to the perturbation

« predicts the probability of adverse effects occurring 1n an ecosystem or any part of an

Norton et al 1988

does not exist unless the stressor
« has an inherent ability to cause adverse effects

elicit the identified adverse effect(s)

The process that evaluates the likelihood that adverse ecological effects may occur or are
occurring as a result of exposure to one or more stressors  This defimition recognizes that a rnisk

« co-occurs with or contacts an ecological component long enough and at sufficient intensity to

ERA may evaluate one or many stressors and ecological components

US EPA 1992

the US EPA (Norton et al 1988)
provided at the end of the document

A glossary 1s

Historically, potential adverse effects were evaluated by
considering 1mpacts only, through hazard assessment
(e g , toxicity testing) Acute toxicity tests were generally
used, and then safety factors, or application factors, were
developed to esumate chronically safe chemical
concentrations (Parkhurst et al 1990) The safety factors
were assumed to adequately protect ecosystems
Environmental evaluation using only toxicity data does
not consider probabihity of exposure

One of the first ERA approaches was developed by
Barnthouse and Suter (1986) duning the mid-1980s for
the Office of Research and Development of the U S
EPA According to Parkhurst et al (1990), a need for
risk assessment arose with the realization that hazard
assessments were generally associated with high degrees
of uncertainty concerning the extent, magnitude, and
probability of effects Risk, however, 1s a function of
hazard and exposure to receptors

Receptors are components of the environment that can be
adversely affected, they can be individuals, populations,
communities, Or eCosystems

Exposure 1s the co-occurrence of a stressor with an
ecological receptor (eg, 1ndividual, population,
commumty, or ecosystem) It 1s usnally determined by
understanding the fate of the stressor and then measuring or
estimating the amount of the stressor in environmental
compartments (e g , soil, air, water)

Hazard refers to the type and magnitude of effect caused by
a stressor and 1s usually evaluated by 1dentifying biological
effects associated with exposure to different concentrations
of the stressor 1n laboratory or field studies

Rusk 1s the evaluation of whether an adverse effect will
occur An adverse effect 1s likely to occur n the natural
environment only if exposure approaches or exceeds the
levels associated with the adverse effects identified 1n the
hazard assessment
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Early ERAs depended largely on concepts borrowed from
the human health sciences and from engineering structure
failure assessments A fundamental difference between
human health nisk assessment and ecological nisk
assessment 18 that the former 1s concerned with
estimating effects on individuals (one species, humans),
whereas the latter 1s concerned with estimating effects on
populations, communities, and ecosystems
(multispecies), and 1s therefore a much more complex
process (Parkhurst et al 1990)

1.4 ERA "Triggers"

To assist decision makers faced with determining whether
to select ERA as part of the process of contaminated site
assessment, a list of factors that may trigger an ERA 1s
provided 1n the box below Once 1nto the ERA process,
various levels of complexity are possible for conducting
it A certain amount of information 1s assumed to be
available for the decision In addiion, the protocol for
choosing "triggers” may vary with different jurisdictions
in Canada, to suit their particular needs

ERA triggers can be grouped nto three categories

» factors pertaining to significant ecological concerns
* 1ssues concerning unacceptable data gaps
» ponts mnvolving special site characteristics

Significant Ecological Concerns

ERA should be sertously considered when a contaminated
site includes, or 1s expected to impact, any of the
following

* cntical or sensitive habitat for wildlife, mgratory
waterfowl, or fisheries

* rare, threatened, or endangered species, populations,
or ecosystems

* lands designated as a natural area, park, or ecological
reserve

* lands that are locally or regionally important for
fishing, hunting, or trapping

* orgamsms that are not representative of the data on
which the critena values are based

* cntena values based on assumptions that do not hold
true for the site of concern, for example, most soil
critena assume a mimimum clay and organic matter
content, which may not be present at all sites

¢+ abiouc and biotic modifying factors (e g , naturally
high background levels of heavy metals), providing
conditions under which the critena could not be
applied

* a defimtion of adequate protection that mught be
changed for a particular contaminated site, requiring
site-specific data

Unacceptable Data Gaps
Whenever any of the following conditions are present at
a contaminated site, an ERA should be considered

» there are one or more chemucals, about which little 1s
known, present above background concentrations

* exposure conditions are particularly unpredictable or
uncertain

+ pathways and partitoning of contaminants
ecosystem are not understood

+ there 1s a high degree of uncertainty about hazard
levels, and that uncertainty makes the level of nsk
unacceptable for that site

* there are significant gaps in available information
concerning ecological receptors

Speaial Site Characteristics
An ERA may be a practical selection for sites where

+ the costs of remediation to meet existing environmental
criteria are extremely high, and prionties must be
estabhished to focus remediation efforts and to evaluate
potential impacts of remediation

* existing critena need field-testing or improvement

* nocntena currently exist for chemicals of concern at
the site

+ the contamunated area 1s so large that an ERA 1s
needed to provide a framework for site investigation
and to set remediation prionties  Off-site 1impacts that
are attributable to the site should be examined as well

In addition to the ERA triggers described above, the ERA
practitioner 1s encouraged to consider when an ERA would
be inappropriate  For example, as understanding ot the nisk
related to some sites improves, the need for ERA may be
reduced In addiuon, the fate and effects of some chemucals
may be easily predicted when this information 1s combined
with a well-characterized site, ERA may not be the best
option It must be emphasized that ERA 1s not necessanly
superior to other approaches m the development of
remediation strategies (for other approaches, see CCME
1996a)




1.5 An Introduction to the Framework

A three-tiered framework composed of sequentially more
sophisticated and complex evaluations 1s recommended
and 1s 1llustrated 1n Figures 1 and 2

Figure 1 1llustrates the three-tiered orgamzation
assessment for a contaminated site

¢ Screening Assessment
¢ Preliminary Quantitative ERA
¢ Detailed Quantitative ERA

Figure 2 shows the components of ERA that are 1dentical
for the three tiers

» receptor characterization
* exposure assessment

¢ hazard assessment

¢ nsk characterization

Each level in this tiered approach to ERA (Fig 1) has the
same structure (Fig 2) and builds upon the data,
mformation, knowledge, and decisions from the
preceding level Thus, each level 1s progressively more
complex The level of the ERA required to sufficiently
demonstrate nsk will depend on site-specific factors and
will represent a continuum from qualitative to
quantitative

If the initial tier cannot adequately charactenze the nisk
with an acceptable degree of uncertainty, the next level of
complexity of investigation 1s necessary If the ERA 1s
adequate for ecologically based decision/nisk manage-
ment purposes, the ERA process stops at that level If
the ERA process was tnggered due to significant
ecological concerns and the results indicate that they are
not at nisk, the process ends

This iterative aspect of the framework allows for the
opportumty to evaluate the progress being made to fulfil
the ERA objectives and to realize the assessment
endpoints at the end of each tier New information can be
added to conceptual models, data gaps can be 1dentified,
and/or the level of uncertainty can be evaluated, ail of
these can aid 1n planning the tasks required for the next
tier if further investigation 1s deemed necessary or for
documenting that the ERA 1s complete

The 1mpetus for proceeding to the next tier and carrying
out another iteration of the process 1s the level of
uncertainty 1n the estimation of the nsk Remedial or risk
management decisions must be made with an
understanding of the uncertainties associated with the
scientific information on which the decision will be
based

Sources of uncertainty risk assessment are

« stochasticity, the mherent randomness of the world
that can be described and estimated but cannot be
reduced because 1t 1s charactenistic of the system
being assessed

» 1mperfect or incomplete knowledge of things that
could/should be known

+ human error in carrying out assessment activities

Uncertainty ansing from imperfect or incomplete
knowledge 1s particularly charactenstic of ERAs because
of the diversity and complexity of ecological systems
Models and test methods used to simplify ecosystems in
order to make generahzations will be irmited 1n precision
Conversely, models and test methods designed for more
realism and greater precision will be limited in their
possible applications This tradeoff between greater
application and realism means that in ERA

+ there 1s no unique "best" model or test system In
general, mmmmizing one source of uncertainty will
increase other sources

* in most cases, multiple independent lines of evidence
are better than any single approach

» uncertainty increases with the huerarchical level of an
assessment endpoint

The level of uncertamnty considered acceptable for
termmating an ERA must be determuned by the professional
judgment of the nisk assessor Financial and regulatory
considerations, as well as public opinion, may also play an
important role in determining an acceptable level

1.6 The Tiers of the Framework

This tiered approach 1s composed of the following
levels of ERA complexity, which are also 1illustrated in
Figures 3 and 4
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* Screemng Assessment 1s characterized by simple,
qualitative, and/or comparative methods, and reles
heavily on literature information and previously collected
data  Screening Assessment studies are likely to be
focused marnly at the species level and to be descriptive,
as opposed to predictive  Within the ERA framework,
all sites undergo a screening assessment

* Prebmmary Quantitative ERA 1s mtermediate
between  Screemng  Assessment and Detailed
Quantitaive ERA, and provides quantitative
nformation  ERA tools that fit within Prelimmary
Quantitaive ERA nclude standard environmental
methods and models, as well as specialized approaches
developed for ERA  There 1s an mcreased emphasis on
data collection with a focus on pronty issues, as
determined during Screening Assessment investigations

* Detailled Quantitative ERA relies on site-specific
data and predictive modelling to supply quantitative
information, particularly on complex ecosystem
responses This 1s the level at which a number of the
more complex U S EPA procedures, methods, and
tools operate While the value of this refined and
sophisticated approach 1s recognized, the resources
and effort required may not always be warranted

In practical application, the framework contains two
additional and equally important elements

* ERA planning 1s a critical step that occurs before
conducting an ERA and helps to identify major
factors that must be considered m order to produce a
technically defensible and efficient ERA

* ERA reporting 1s critical for success and 1s enhanced
by a well-orgamzed summary of findings At each
step of the ERA process, findings must be fully
documented before proceeding to the next step

20 PLANNING AN ERA

The planning stage of an ERA 1s cntical to the overall
success of the sk assessment  This section addresses some
of the steps that need to occur before the ERA 1s imtiated
In many cases these steps will already have been conducted
as part of initial studies These steps include

* selecting appropriate personnel
* establishing interaction/communication between risk
assessor and nisk manager

* charactenzing the site

* identifying the problem(s)

¢+ 1dentifying valued ecosystem components (VECs)
¢+ establishing the objective(s) of the ERA

* developing a conceptual model of the site

* selecting assessment endpoints

+ selecting measurement endpoints

+ establishing the level of effort required

+ selecting a reference site

Public Participation

The extent of public involvement 1n the ERA process will
vary according to the user and/or jurisdiction If the public
1s to be nvolved, the uses and limitations of risk assessment
and other evaluation tools should be clearly communicated
1n the 1nitial stages of the assessment

21 Staffing for an ERA

As part of the planming process, individuals with
expertise 1n each of the technical areas required by the
risk assessment must be 1dentified and included 1n the
study team The team should be coordinated by a
scientist who has good orgamzational skills and 1s
experienced 1n the risk assessment process In some
cases, someone with good project management
expenence and a strong science background would be just
as effecuve The risk assessor organizes and analyzes
site data, develops exposure and nsk calculations, and
prepares the nisk assessment report The intent 1s that
risk assessments are conducted by technical experts for
use as a decision-support tool for risk managers and nsk
communicators  When an ERA 1s complete, 1t should be
audited by an independent reviewer or regulator, who
runs through the entire process 1 a paper exercise to
evaluate the conclusions of the assessment

The r1sk assessment team includes a multidisciphnary group
of professionals with experience in

« toxicology

« ecology (aquatic/terrestrial)
« fishernies/wildlife biology

+ botany/forestry

» lImnology

+ geology/hydrogeology

» chemistry

» environmental engineering/modelling




Professional Judgments in ERA

ERAs are based on scientific data that may be complex,
conflicting, and incomplete (U S EPA 1992) The whole
ERA process relies on professional judgment based on
experience and specialized knowledge in the various
aspects required From the regulatory point of view, this
presents a problem when 1t comes to standardization and
consistency of the process It 1s not possible to provide
specific gmdance on each step of ERA, rather, what 1s
provided heremn 1s gudance on understanding the
components and principles of ERA It 1s up to the
reviewers of an ERA workplan to apply professional
Judgment to evaluate the proposed ERA site specifically

Professional judgment on the part of ERA practitioners 1s
necessary to

» plan the risk assessment

» evaluate and select the tools for each ERA component

+ ensure the data are optimal for the objective(s)

» track the uncertainty introduced by each component

+ nterpret the ecological significance of the data, and
relate them to the site

2.2 Interaction Between the Risk Assessor and the
Risk Manager

Although nsk assessment and nsk management are
closely related, the tasks should not be confused In the
Unuted States, nsk assessment and risk management have
been kept separate since the National Academy of
Sciences released the "Red Book" of 1983 (NAS 1983)
to reduce cases where nsk management objectives
override the nisk assessor's impartial evaluation of
scientific data (Jasanoff 1993) The role of the nsk
manager 1s to serve as the pnmary decision maker for a
site, this person must determine whether remediation 1s
necessary The nisk manager uses the results of the risk
assessment, along with 1nformation on techmcal
feasibility and social, economuc, and pohtical concerns to
reach a decision

The nisk assessor and the risk manager do not need to
work closely together, but they should develop a good
working relaconship by having several meetings during
the course of the ERA In addition, written communica-
tion through monthly progress reports 1s a good 1dea
The risk assessor must present the results of the nisk
assessment 1n a clear and concise way so that the nsk
manager can make informed decisions As the ERA

process moves through the various stages, the nsk
assessor and the nisk manager should evaluate the
progress and determine whether the expectations
identified 1n the planning are being met This maximizes
the possibility that the data collected during the ERA will
provide relevant information to make decisions for the
site of concern

2.3 Site Characterization

Before entering the ERA process, a contaminated site will
have been characterized to a certain extent, to obtain at
least a prelimunary 1dea about the extent of contamination
at the site (CCME 1996a)

Site characterization begins with a compilation of the
mformation available for the site  An mmitial site description
should be prepared without conducting additional field
studies Based on this information, the nisk assessment team
can 1dentify 1ssues that should be assessed in the ERA to
follow If available, the following information should be
provided 1n the site charactenzation

o sute location. maps and locations of nearby bodies of
water, ecological habitats, soil types, land uses,
contaminant sources

» sute lustory 'ustory of site usage, hist of potential or
measured contaminants and their charactenstics

o environmental seting chmate data, ecological
background, potential contaminant(s) present, and
exposure pathways

Evaluation of the quality of the site charactenization data
1s also important Refer to appendix A in CCME 1996b
for further resources regarding samphng principles and
methods

2.4 Problem Identification

A clear statement of the problem at the potential
contamunated site supports the decision making regarding
further action (Fig 1) Problem identification documents
the key 1ssues, establishes the breadth and depth of the
problem, and initiates the process of prioritization The
information collected to date for the site 1s evaluated for
1ts use m the decision-making process The statement of
problem 1dentification should be reported in an ERA
This documents the background for the decision to
conduct an ERA



2.5 Identification of VECs

In the 1dentification of VECs consideration needs to be
given both to use by humans and to resources that have
particular value to society The defimtion of VECs
developed by Beanlands and Duinker (1983) has been
adopted for this document VECs are resources or
environmental features that

* are important to human populations

* have economic and/or social value

* have intrinsic ecological significance

* serve as a baseline from which the impacts of
development can be evaluated, including changes 1n
management or regulatory policies

26 Establishment of Objective(s) of the ERA

It 1s critical that the objective(s) be established for every
ERA  Articulating these in writing will drive the design
of the assessment and aid in selecting ecological
endpomts of concern, the study methods, and the quahty
of data required (U S EPA 1989)

Objectives are usually set by those who are responsible to
the public and generally set with contributions from the
pubhic  Technical input may be incorporated but not
completely rehed upon, as objectives depend on public
values For example, a possible objective of an ERA for
a contaminated body of water may be maintaining
"fishable waters" (Suter 1993)

2.7 Development of a Conceptual Model

Following 1dentification of the site-specific objectives, the
nsk assessor and the nisk manager should develop, as part of
the plan, a conceptual model of the site A conceptual
model 1s an abstraction or representation of reality

The ERA framework presented here 1s itself a conceptual
model of a process It 1s mtended to further our understanding
of a complex process by breaking 1t into manageable and
sumplified parts 1n order to organize a problem 1nto a solution
or at least a form that can be solved (See Fig 4)

At this point, the conceptual model may be very simple
and incomplete, depending on the data that are available
However, with each iteration within the ERA framework
the conceptual model can be revised and expanded with

the addition of new information Conceptual models of
other aspects of the ERA can also be formulated and may
be particularly important for determining exposure
pathways Figure 5 1s an example of a conceptual model

Conceptual models include

« modes of contaminant release

¢ recelving environments

« mechanisms of transport and transformation
» contaminated media

» modes of exposure

» receptors

» effects of interest

Equally important, conceptual models may exclude some
modes of contaminant release, recelving environments,
mechamsms of transport, etc , because they are considered
unimportant, unhkely, or outside the scope of the
assessment (Suter 1993)

2.8 Selection of Assessment Endpoints

The objective of the ERA 1s usually large 1n scope and
needs to be translated 1nto assessment endpoints that can
accomplish the goals, are relevant to the hazard, can be
operationally defined, and can be assessed (Suter 1993)
These assessment endpoints may be altered over the
course of the ERA as new information becomes available

An assessment endpomnt that may achieve "fishable
waters,” as 1n Suter's (1993) example, might be "no
episodic fish kills affecting more than 1% of individuals
1n any exposed population "

Assessment endpoints are generally at the population level,
sometimes at the commumty level, and rarely at the
ecosystem level Responses at lower levels of biological
organization are generally considered to have less social or
biological significance  An important exception 1s the
response of soll communities at the biochemical and cellular
level, which can be dicative of communty level effects

Local extinction 1s an example of a population-level
assessment endpoint with great sigmificance Suter (1989)
recommends using population-level endpoints for
contaminated sites when

* ndividuals of a valued species occur on the site
exposed communities
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Figure 5. A conceptual model of the various modes of exposure of a fox on an o1l field. (from Suter 1993)

« the deaths or injunes of those individuals are believed
to cause sigmficant effects on the population as a
whole

Changes 1 the biological community at or near a
contamunated site can have major significance and can be
used as assessment endpoints For example, changes in
community type, such as trophic status of a lake, can be
given clear operational defimtions (Suter 1989)
Communty-level assessment endpoints are applicable to
ERAs for contamiunated sites where a valued community
exists on the site or receirves site discharges (e g,
leachate), particularly when the affected portion of the
community represents a significant portion of the entire
community

Ecosystem-level endpoints are rarely used in ERAs,
primarily because they are challenging to predict or
define Both nutnient- and energy-cyching parameters are
sensifive to chemical perturbations, but few generahiza-
tions can be made 1n regard to their applications to the
detection of stress effects 1n the field (Sheehan 1987)
According to Suter (1989), the only ecosystem property
that 1s generally useful for contaminated site assessment
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1s productive potential ~ However, the Netherlands
(Denneman and van Gestel 1990) uses "senious danger for
soll ecosystems" as an assessment endpoint, and discusses
possible measurement endpoints  The particular ecosystem
of interest will determine whether practical measurement
endpomts exist at the ecosystem level

2.9 Selection of Measurement Endpoints

Although more defimtive and assessable than objectives,
assessment endpoints are generally not measurable 1n the
practical sense Consequently, assessment endpoints are,
1n turn, translated into measurement endpoints, which are
measurable environmental characteristics that are related
to the assessment endpomnt Table 2 presents an example
of the process of selecting measurement endpoints from
a site problem and a defined ERA objective

Measurement endpoints are generally at the ndividual
level or population level and sometimes at the community
or ecosystem level Toxicity tests are widely used for
hazard assessment, and the measurement endpotnts are
usually statistical summaries of the responses of test
orgamsms (e g, the lethal concentration affecting 50% of



Table 2 Examples of Translating a Site Problem into Measurement Endpoints

Assessment
Site Problem | ERA Objective Endpornt(s) Indicators of Effects Measurement Endpomnts
Herbicide used | Maintain No more thana | Laboratory toxicity to fish | Fathead minnow LC,,
for weed control | "fishable waters" | 10% reduction 1n Larval b o
in lakes game fish a.rval a;s concentratio
population mortality function
Laboratory toxicity to food- | Daphnia magna LC,,

chain organisms

Selenastrum capricornutum EC,,

Field toxicity to fish

Percent mortality of caged bass

Populations 1n treated lakes

Catch per unit effort
Size/age ratios by class

Source Adapted from Suter 1993

the population [LCs], the effective concentration that
produces a sub-lethal effect in 50% of the population
[ECsol, and the no-observable-effect concentration
[NOEC]) An approach that uses a battery of two or
more toxicity tests 1s recommended, and tests relevant to
the site must be chosen Other individual measures such
as behaviour, growth, biomarkers, and fecundity can
also be used as measurement endpoints  Mortality,
reproduction, and growth data can be related to
population-level assessment endponts using population
models

The standard population endpornts such as abundance
and blomass are widely used for ecological studies
According to Suter (1989), the scale of population
responses 1s typically appropriate for very large
contaminated sites or for populations with small ranges
Effects related to the contaminated site will be obscured
by population-level measurements because of movement
of individuals within the population

Community measures have been standardized over the
years to include endpoints such as species richness,
diversity, and evenness/dominance, these measures
summanze the data collected in ecological surveys
According to Suter (1989), the problem comes 1n relating
these measures to assessment endpoints Usually, the
community assessment slips into population-level
assessment, because changes in species diversity and
community indices are driven by presence/absence of
populations  However, community-level endpoints are
useful at sites where community alterations are strikin g
Indices of community quality can be useful 1n qualitative

assessments, but field nvestigation through statistical
evaluation 1s best In addition, assessment of muicrobial
communities and populations should not be overlooked
Measurement endpoints such as enzyme activity and
oXygen consumption/respiration are integrative and
therefore provide information at the community, and
sometimes population, level These measures can be
particularly important as measurement endpoints for so1l
communities and provide information at the ecosystem
and community level

Ecosystem measurement endpoints such as nutrient- and
energy-cycling are hinked to the ecosystem assessment
endpoint of production potential However, the social
value placed on commumty- and population-level
endpomts usually gets greater emphasis Also, the scale
of ecosystem effects 1s usually too large for a
contaminated site, making measurements difficult to put
into context

When the assessment and the measurement endpoints are
the same, the analysis of the relationship between the
stressor and the response 1s straightforward Because
some potential assessment endpoints are not observable
or measurable, and because assessments are often limited
to using standard data, measurement endpoints are often
surrogates for assessment endpoints In this case, the
quantitative relattonship between the two needs to be
established, and then extrapolations are used to predict
changes 1n the assessment endpoint In some cases, the
quantitative relationship between the assessment and the
measurement endpoints 1s not known, and qualitative
inferences must be made during nisk characterization
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According to Suter (1989), mn an unfortunately large
number of monitoring programs although there are
measurement endpornts, the assessment endpoints are not
clearly defined, which wastes time and effort This can
be alleviated in the planning stages of an ERA
Essentially, assessment endpoints describe the effects
that dnive decision making (e g, reduction 1n important
populations hke fish or unacceptable alterations to
commumty structure)  The question of why this
measurement 1s being taken needs to be addressed 1n the
planning stage If the hazard assessment 1s to be a useful
part of the nsk assessment, assessment and measurement
endpomts should be selected so as to be useful for
prediction, and relevant to the selection of remedial actions
Suter (1989) presents cntena for good assessment and
measurement endpoints, as provided in Table 3

2 10 Establishment of Level of Effort

Logistical boundaries

It 1s useful to establish a level of effort for the ERA
process  The study team must set the logistical
boundaries to establish the constraints of the nsk
assessment as an 1iterative process It 1s widely known
that as the ecological relevance of information and the
complexity of measurement methods increase, the
feasibility of implementation decreases At some point,
hard decisions about logistical boundaries need to be
made, and these decisions should tie i with the level of
the ERA (1e, Screemng Assessment, Prelimunary
Quantitative ERA, or Detailed Quantitative ERA), the
objectives of the assessment, the exposure level, and the
risk charactenization

Within the logistical boundaries set, prionty should be
placed on dwect measurements of risk assessment
parameters such as exposure concentrations, bioaccumula-
tion, and receptor responses Estimates of these parameters
should be made only 1f direct measurement 1s logistically
impossible or economically unreasonable

The data available can determine the type of risk assessment
procedures that will be implemented, particularly if there are
schedule or budget imitations For example, existing data
may allow a Screening Assessment  If this approach meets
the objectives of the assessment, further data collection may
not be required However, as 1s more often the case, the
planning phase may determine that the data available for
receptor characterization are adequate but that additional
studies may be required for the hazard assessment and
exposure charactenzation This will dnve the pnonties for
the time and effort available for further studies within a
Prelimmary Quantitaive ERA  and/or a Detailed
Quantitative ERA

Spatial boundaries

Besides establishing logistical boundanies for the nisk
assessment, spatial boundaries such as the size of the
contarmnated site, 1ts extent of influence (e g, site,
watershed, ecosystem) and the size of the exposed habitat
will need to be determined

Temporal boundaries

Temporal boundaries also need to be established for all
risk assessment components Temporal varation 1n
exposure, and hence effects, can be a cntical factor 1n the
estimation of risk and should not be overlooked in ERA

Table 3 Critena for Selecting Good Assessment and Measurement Endpoints

Criteria for Assessment Endpoints

Criteria for Measurement Endpoints

» social relevance

» biological relevance

« unambiguous operational definition
« measurable or predictable
 susceptible to the hazard

+ logically relevant to the decision

corresponds to, or 1s predictive of, an assessment endpoint
readily measured

appropnate to the scale of the site

appropriate to the exposure pathway

appropriate temporal dynamics

low natural variability

diagnostic

broadly applicable

standard

existing data series

gource Suter 1989
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Dunng the planning stage, temporal variation 1n exposure
should be considered and if appropriate, incorporated 1n
the study design Temporal vanations 1n exposure can be
related to a number of factors, including

+ the behaviour of the receptor (e g, changes 1n feeding
behaviour with life stage, seasonal migration)

* changes in the environment (e g , seasonal, weather)

+ natural disasters (e g, floods, earthquakes)

In reality, temporal fluctuations 1n exposure will occur,
but assumptions and models can be used to take these
mto consideration The key 1s to i1dentify when these
fluctuations are extreme enough to impact the.result of
the nsk assessment  For example, fluctuations might be
of sufficient frequency and low enough amplitude so that
organisms effectively average their effects (Suter 1993)
However, extreme episodic events such as droughts and
floods will need to be recognized in the nisk assessment
as an exposure condition to plan for

In the exposure assessment, the exposure duration of the
organism needs to be defined For example, 1f the VEC
18 Barrow's goldeneye, a duck that visits the site for only
four months of the year, the exposure evaluation and risk
calculation should reflect this temporal boundary As
another example, models may need to be modified to
mncorporate fluctuations 1n important variables (e g,
water flow rate, atmospheric deposition) that are
expected to result n fluctuating exposure scenarios
Screening level assessments may make a "worst case”
assumption of exposure, whereas higher levels of ERA
should fine-tune the exposure for reahistic scenanos

Ideally, the influence of temporal dynamics of exposure on
effects (hazard assessment) would be determined toxicity
tests However, all too often only the endpornt results are
available, and extrapolations must be made to the time
spans of interest When appropnate, 1f temporal data are
available for biological effects, they can be extrapolated to
the ime span of concemn  Pulsed exposures can also be used
n toxicity tests  Models can be built or modified to reflect
temporal varnations i exposure

Another aspect of temporal variation 1s changes n the
biological communities exposed at the site Communities
that are 1n a temporary developmental stage such as plant
colonization may have different routes of exposure and
sensitivity compared to climax communities In the
planning stage, the project formulation should take into

account the changes 1n the community that are expected
to occur Expected future species/communities can be
worked 1nto the risk assessment process

The outcome of this planning phase should be an
assessment design that will ensure scientific defensibility
of the data and decisions based on those data, while
taking nto account the schedule and budget constraints
faced by decision makers

2 11 Selection of Reference Sites

Reference sites provide a comparison point to sites within
the study area and act as a control for field.studies The
use of a reference site 1s an important component of
sampling design and allows one to test hypotheses such
as "there 1s no difference between contaminant
concentrations 1n reference areas and the contaminated
site” and/or "contaminant concentrations have not
resulted 1n biological damage " To test such hypotheses,
the reference site(s) should be established within the
nearest uncontaminated area of similar habitat type The
reference and impact areas should be as similar as
possible 1n all charactenstics (e g, soil type, water
quality, sediment quality, ecotype simulanties), with the
exception of the impacted environmental vanables being
investigated

The choice of appropriate statistical design should flow
logically from the purpose, the hypothesis, and the
samphng design (Green 1979) Ths "golden rule" holds
true for an ERA duning the planning stages, reference
sites should be 1dentified in conjunction with the field
sampling sites in the contaminated areas The number of
reference sites should be sufficient to allow acceptance or
rejection of the null hypothesis with a specified likelihood
of error (U S EPA 1986)

Reference sites are chosen to address spectfic questions

For example

* Reference sites can provide information about
background concentrations of contaminants, to place
contaminant concentrations in context with local
conditions Background samples should be collected
for each medium of interest 1n areas that could not
have recerved contamination from the site (U S EPA
1989) Reference sites should be as similar to the test
sites as possible, with the exception of contamination
In addition, reference samples should be collected and
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analyzed under the same conditions as the samples of
Interest

o Reference sites can provide information about
expected site receptors and biological communities,
from which additions/deletions from the species
assemblage can be 1dentified

« Reference sites can provide information about natural
variability 1n systems, to which test-site vanability can
be compared This can be particularly useful n
preliminary surveys, to assist in determuning the
requisite sample numbers to detect meanmngful
change  Often, ngorous statistical analysis 1s
unnecessary because site and off-site contamination
levels clearly differ (U S EPA 1989) For most sites,
the 1ssue will not be whether a difference 1in chemical
concentrations can be detected 1n site and reference
areas but whether sampling can define the spatial
extent (1n three dimensions) of the contaminated site
(US EPA 1989)

The number and location of reference sites should be
chosen 1n conjunction with statistical design and project
planning The ERA team should include someone with
expertise in statistical design, and consultation regarding
reference site selection should begin early in the ERA
process

2.12 The Final Product of ERA Planning

The final product of ERA planning should be a series of
documents describing the site, the problem, and the
priontties  For example, a single planning report may be
generated that references other reports (eg, site
mvestigation) The documentation should contain a clear
statement of the objectives of the ERA, a conceptual
model that identifies the environmental values to be
protected, and the data required to address the problems
dentified at the site  For each of the three levels of ERA,
a work plan should be prepared before imitiating any of
the studies The work plan should detail the proposed
approach to collect information to conduct the ERA  The
work plan would be submutted for review and approval by
the appropriate regulatory agencies These documents
should be available to all members of the study team and
should form the first step of ERA documentation
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3.0 SCREENING ASSESSMENT
3.1 Introduction

Within the ERA framework, all contamunated sites would
undergo the first tier of assessment, the Screening
Assessment The need for progressing further 1s based
on the degree of uncertainty associated with any estimate
of nsk and 1s evaluated upon 1its completion If
necessary, the Screening Assessment will guide and focus
the activities associated with quantitative nsk
assessments the Preliminary Quantitative and Detailed
Quantitative ERAs

A Screening Assessment is based primarily on data from
the literature, previous or preliminary studies of the
contaminated site, monitoring studies, historical data of
the site, and a reconnaissance visit to evaluate the
receptors, exposure, hazards, and nisk at the site  In
essence, a Screening Assessment 1s a desktop exercise
mtended to make full use of existing information to
streamline the ERA process

Purposes of a Screening Assessment

+ compilation and evaluation of available data and
information

+ 1dentification of relevant exposure pathways

+ 1dentification of chemicals of concern

 1dentification of critical information gaps

+ refinement and update of conceptual models
developed 1n the planning phase

+ refinement and update of the assessment and
measurement endpoints selected 1n the planning phase

+ determination of whether remedial measures are
required

» determination of whether further ERA studies
(Preliminary Quantitative ERA or Detailed
Quanutative ERA) are needed to design and
implement remedial action

3.2 Screening Assessment Components

Table 4 provides a summary of the possible tasks for the
components of a Screening Assessment



Table 4 Summary of Tasks Comprising the Components of a Screening Assessment
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« data from the literature

« previous or preliminary studies of the site
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Identification of receptors
« 1dentify potentially exposed habitats, communities, and ecosystems through data review and field reconnaissance
« where possible, compile species lists, preferably for the site, but also for the local area
« 1f the site 1s a natural site, collect qualitative site information
« catalogue all potentially significant or sensitive species at or near the contaminated site
« 1dentify receptors most likely to be affected by stressors associated with the contaminated site
« for the receptors of concern, compile life history and background information
« 1dentify mussing species using ecosystem classification systems (1 € , species that should be there but are absent)
+ based on any new information, refine and re-evaluate assessment and measurement endpoints and ensure priority
receptors are still relevant and emphasized (based on ERA planning)

Relation to exposure assessment
« assess possible spatial/temporal overlap of receptors and contaminants of concern, based on the exposure assessment
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Selection of target chemucals
« 1dentify chemicals present at the site (utilize source information)
« review those chemicals and their concentration with respect to hazard assessment (toxicity, persistence,
bioaccumulation)
« 1f toxicity data for the site exist, review and determine where responses indicate exposure
« select target chemicals based on review/assessment of their properties
« 1nclude all chemicals unless there 1s information that supports exclusion

Contaminant release/transport and fate
« 1dentify possible transport pathways
« 1dentify data gaps where the flow chart cannot be completed
« provide preliminary quantitative estimates, 1f possible
« 1dentify areas to which contaminants have been or may be transported
« dentify potential reference sites, and obtain information for those sites

Exposure pathway analysis
« 1dentify most important exposure pathways
« 1dentify where there 1s not enough information to exclude potential pathways
« 1dentify why pathways have been ehminated

Aquatic and/or terrestrial exposure
« 1dentify most important exposure pathways and their link to biological components at risk
« 1f possible, provide preliminary estimates of exposure or tissue concentration using bioaccumulation and/or
bioconcentration tactors, other measurements of exposure should be identified

Uncertainty analysis
« 1dentify data gaps
» 1dentify key uncertainties, both qualitative and quantitative, and whether they are acceptable or unacceptable
« evaluate whether Prehminary Quantitative ERA exposure assessment would reduce uncertainty significantly
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* link to exposure assessment to 1dentify contaminants that are at concentrations that can be expected to be
toxic/broaccumulative

« consider mixtures of chemicals

« uulize toxicity data, if they exist for the site to estimate BCs for selected chemicals and species

« choose species for which toxicity data are readily available and extrapolate to VEC

« where data are available, examine population/community information

« 1n conjunction with exposure assessment, use toxicological databases such as AQUIRE, IRIS

« 1nclude an assessment of uncertainty
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» 1ntegrate the other components of the Screening Assessment

» 1dent:ify key uncertainties and data gaps, make recommendations for filling data needs
» characterize nisk as "high," "intermediate,” or "neglgible"

+ make semiquantitative risk estimates using the quotient method, 1if possible

3.2.1 Receptor Characterization

The 1mitial receptor charactenzation should dentify the
species taxa, communities, habatats, and VECs that are
most hkely to be affected by the contaminant
concentrations believed to be present at the site This will
be accomplished through a review of available site
information, reconnaissance visits, and expert advice
from local umiversities/colleges, natural history museums,
and local/provincial/federal agencies Although various
levels of biological orgamization should be considered,
there 1s usually an emphasis 1n Screening Assessment on
individual species of indigenous populations The list of
receptors of concern will be used to establish organisms
to focus on in the hazard assessment Life history
mformation should be used to identify sensitive life
stages and time periods relative to the contaminated site
In addition, missing species that would normally be found
at the site should be noted A habitat assessment should
be conducted to consider habitat limitations from natural
factors such as drought or flood and anthropogenic
factors such as the destruction of habitat

3.2.2 Exposure Assessment

The exposure assessment should 1dentify the contaminants,
exposure media, and exposure pathways, as well as major
uncertainties and data gaps Qualitative methods and
simple quantitative methods are appropnate for
Screeming Assessment Key components of the exposure
assessment include an mtial screening of potential
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contamunants of concern and a preliminary selection of
target chemicals

Some preliminary quantitative analyses of contaminant
release, transport and fate, and demonstration of
exposure are necessary to support a prelinunary risk
characterization using quotient methods, this would help
to narrow the range of prionity contamants for either
remediation or further risk assessment

The quality and quantity of available monitoring data
obviously affect the type of method that can be applied
It 1s usually approprate to apply stmpler methods to all
pertinent exposure routes at the start of an exposure
assessment as a scoping technique to 1solate the pathways
requinng the most in-depth analysis

3 2.3 Hazard Assessment

The pnmary emphasis of the hazard assessment 1s to obtain
toxicity information from the literature for the
contaminant(s) of concern Hazard assessment should be
related to the endpoints 1dentified duning ERA planming
The toxicity test species should be related as closely as
possible to the VEC, although an exact match 1s rarely
possible In this mitial stage of hazard assessment, any
toxicity information 1s useful, particularly 1f 1t relates to the
contaminated site of interest Mortality data are the most
plentiful and provide clear measurement endpoints for use
in the nisk charactenzation However, endpoints other than
mortality can be very important and should not be neglected



3.2 4 Risk Characterization

The extent and nature of nsk and the level of uncertainty
associated with the estimate of nsk will be denved by
weighing all available information to determine whether
the project should advance to Prelimmary Quantitative
ERA This qualitative estimate of risk and uncertainty
will be based on the information developed from the
exposure assessment, receptor charactenzation, and
hazard assessment components of Screening Assessment

Qualitative and quotient methods are suitable for the nsk
characterization Professional judgment will be relied
upon when using qualitative methods such as ranking
systems that determne the level of nisk 1n terms of high,
moderate, or low

Quotient methods can be used whenever there 1s
sufficient information to estimate an expected
environmental concentration (EEC) 1n the most important
medium or media and where there are adequate studies 1n
the literature to determine a toxicological benchmark
concentration (BC) A BC could be used for local species
or therr close relatives The quotient 1s calculated by
taking the ratio of the EEC and a BC Higher quotients
provide greater evidence of a hazard or greater nisk (Suter
1993) Quotients <1 1imply that risk 1s slight and little or
no action 1s required (Burns 1991) Quotients near 1
represent uncertainty in the rnisk estimate and usually
require additional data Quotients >1 imply that risk 1s
greater and that regulatory action may be indicated
Although this method 1s widely used, it has several
weaknesses, such as the lack of indirect-effect evaluations,
the lack of incremental-dose impacts, and the lack of effects
at hugher levels of orgamization (Burns 1991)

Safety factors mught also be appropnate in Screening
Assessment nsk charactenization, although 1t 1s
recommended that the uncertainty associated with the use
of these factors be applied to the establishment of
categories of risk, rather than directly to the quotients
(Suter 1986)

Quotient methods are useful for the following specific
apphications

¢ determination of pniority contaminants when the site 1s
grossly contaminated by many chemicals with many
quotients >1

* estimation of relative nsk of different exposure
pathways or different media

3.2 5 The Outputs

The nsk assessor will prepare a Screeming Assessment
report to provide the nsk manager with information on
the results of the assessment and to make recommenda-
tions for reducing data gaps and conducting further
studies/nisk assessments The nisk manager 1s responsible
for using this information as one component in deciding
whether remediation 1s necessary for the site  Additional
outputs are listed 1n the box below

The maimn outputs of the Screening Assessment
include

« areport containing
« a more detailed site-specific conceptual model of the
problem
« preliminary description of the contamunants of concern
« description of the receptors of concern
« prelimunary toxicity esttmates
« detailed list of key uncertainties for each ERA
component
 qualitative estimates of the potential for ecological
effects due to the presence of contaminants at the site
and estimates of the degree of uncertainty associated
with those estimates
» when necessary, terms of reference for a Preliminary
Quantitative ERA or a Detailed Quantitative ERA

3.2 6 The Next Step

Upon completion of a Screening Assessment, the
adequacy of that ERA with respect to the site-specific
objectives for the contamunated site needs to be evaluated
by the nsk assessor and the nisk manager Whether
Screening Assessment serves as a problem definition and
planning stage or as a final step, the effort 1s not lost
since the findings are well-documented, and action 1s
taken based on the information assembled

If the percerved nisk 1s low enough to be neghgible, the ERA
might end at Screeming Assessment, and a site-specific
report would be prepared The U S EPA (1988) identifies
the attributes of sites for which simple qualitative analyses
may be adequate These attributes include

» available environmental standards or criteria

+ asmall number of chemucals

+ a small number of exposure pathways

+ relatively simple release and transport processes

+ a limited need for detail and precision in assessment
results
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However, if any remedial action 1s going to take place as a
result of the Screeming Assessment, a semiquantitative
estimate of nisk needs to be determmed If more than one
type of remediation effort 1s proposed, a more detailed nisk
assessment should be conducted to compare the estimated
nisk associated with implementing each remedial measure
Thus 1s a decision that the risk manager will need to make
that will require 1input from the nisk assessor

Sites that are perceived to be at moderate nisk would
proceed to a Prehmunary Quantitative ERA - Sites that are
percerved to be of high risk could either

« proceed to a Prelminary Quantitative ERA and 1if
necessary, go to a Detailed Quantitative ERA or
» proceed directly to a Detailed Quantitative ERA

Cnitena that are used to decide whether or not to conduct
a Prehminary Quantitative ERA are provided in Table 5
This list 1s not exhaustive, since the decision to proceed
to higher tiers of ERA 1s based on site-specific factors

4.0 PRELIMINARY QUANTITATIVE ERA
4.1 Introduction

A Prebminary Quantitative ERA 1s based on a
combmation of measured site-specific data and
previously compiled nformation It 1s a natural
progression from a Screening Assessment Preliminary
Quantitaive ERAs should build on the mformation
compiled for the site, and data should be collected to fill
significant data gaps In particular, factors identified as
moderate nsks i the Screening Assessment will be
mnvestigated further n the Prehminary Quantitative ERA

Purposes of a Prehminary Quantitative ERA

« to produce a prelimimary quantitative nsk estimate for
VECs exposed to chemicals at or near the contaminated
site

« to refine and re-evaluate the conceptual model(s)
developed previously

« torefine and re-evaluate the assessment and
measurement endpoints developed previously

« 1f necessary, to set terms of reference for Detailed
Quantitative ERA activities
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4.2 Prelmnary Quantitaive ERA Components

Examples of tasks characteristic of the components of a
Preliminary Quantitaive FRA are summarized 1n
Table 6

4.2.1 Receptor Characterization
See CCME 1996b, Appendix B

Prelimmnary Quantitative ERA receptor charactenization
mvolves collection of field data on the receptors of
concern and therefore requires an appropriate field
sampling program (see CCME 1996b, Appendix A)
Investigations should focus on species and communities
that were 1dentified in the Screening Assessment as VECs
and that characterize population life history patterns,
habrtat requirements, and food web This could include
generating preliminary quantitative estimates for overall
population density or age-class structure Relevant data
required to evaluate health at the population level should
be collected relative to the exposure information In
addition, the absence of expected species should be
noted The information collected 1n this receptor
characterization 1s used to focus the hazard assessment
and may also be used in determuning steps in the
exposure assessment

4.2.2 Exposure Assessment
See CCME 1996b, Appendix C

Before the effects of a contaminant can be evaluated, the
level of contaminant actually or potentially reaching the
receptor must be assessed Sources, pathways, and
distribution of chemicals around the contaminated site
will be determined for all chemucals of concern  This
will, 1n most cases, mnvolve field work to obtain site-
specific data on the mode, tming, and quantity of
contaminant releases, which 1n turn can be used to
estimate the concentration(s) of contamunants and the
extent of contamination at the site  Assessing the fate
and behaviour of the contarinants will provide estimates
of exposure (dose or concentration) for receptors via
exposure pathways Preliminary exposure assessment
should also develop a more detailed understanding of the
routes, magmitude, frequency, and duration of exposure to
the target chemicals present at or rmgrating from the site
Some estimate of uncertainty should be associated with
these estimates of exposure



Table 5. Decision Points for Proceeding to a Preliminary Quantitative ERA

Receptor Characterization

If potential receptors include
+ rare, threatened, or endangered species
+ critical or sensitive habitat for wildlife, migratory waterfowl, or fisheries
» lands designated as a natural area, park, or ecological reserve

Exposure Assessment

If the target chemicals are numerous and present as mixtures (e g , mix of complex
organics and metals)

If the information gaps are so large that contaminant release, transport, and fate cannot
be qualitatively predicted {particularly if the hazard assessment indicates high toxicity
of the target chemicals)

If potential pathways cannot be 1dentified, field measurements of chemical
concentrations are required, if these data are still not adequate for pathway
identification, proceed to a Preliminary Quantitative ERA

If the level of uncertainty 1s unacceptable given the hazard information, and a
Preliminary Quantitative ERA would sigmificantly reduce the uncertainty

Hazard
Assessment

If there 15 information to 1ndicate that the mixture of chemicals present will have
synergistic toxicity (lgher than predicted by consideration of additive toxicity of
individual parameters) This kind of information will rarely be available

If the potential receptors are exposed to a mixture of chemicals about which nothing 1s
known concerning the toxicity or biological effects, biological testing must occur
This can be conducted within a Screening Assessment, but a Prelimuinary Quantitative
ERA will probably need to be conducted, based on criteria for other components

If BCs are not available, data from reference areas and the literature can be used as a
pomnt of reference, however, if the chemical 1s an "exotic,” a Preliminary Quantitative
ERA 15 hikely required to determune site-specific effects levels

Risk Characterization

If BCs are not available and cannot be calculated because there are no toxicity data, a
Preliminary Quantitative ERA may need to be conducted, in other words, 1f there 1s no

information upon which to base even a qualitative risk characterization

If the hazard quotient exceeds 1

Methods range from desktop calculations using relatively
simple equations to models using direct measurement of
environmental media Estimates of uncertainty
associated with exposure estimates should be calculated
and can be denived from confidence or tolerance limits
about actual measured contaminant concentrations n
environmental media or from simulations using known or
estimated distributions for input parameters

The degree of quantification and complexity should
match that for other components, especially hazard
assessment and nisk charactenization, although constraints

would also be imposed by cost or logistical limitations on
the data that could be collected The exposure
assessment should be relatively complete 1n terms of
quantifying exposure for all priority chemucals and
pathways

4.2 3 Hazard Assessment
See CCME 1996b, Appendix D

Preliminary Quantitative ERA hazard assessments should

provide quantitative estimates of toxicity of field samples
from the contamunated site Where possible, toxicity
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Table 6 Summary of Tasks Comprising the Components of a Prebminary Quantitative ERA
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 quantitative methods

field and laboratory data collection

« direct measurement

« local expert knowledge

« quotient and continuous exposure-response (individual, population) methods
» simple models and calculations with site-specific data
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Data requirements
» 1dentify information needed based on Screening Assessment
« design a field program that will meet objectives of the ERA
« 1dentify the appropriate level of organization to focus on (e g, population, community, ecosystem)
« consider the scale of the ERA relative to the scale of the receptor(s) and the scale of the assessment and measurement
endpoints (e g , time scale, spatial scale)

Characterization of habitat
« consider background data on physical/chemical attributes that could affect receptor responses
+ consider ecological connections that exist between the contaminated site and adjacent habitats

Charactenization of receptors—species and population
« constder structural attributes of VECs (population density, biomass, distribution, age-class structure, status [e g , rare,
endangered] life history)
» evaluate food web interactions
« consider functional attributes of VECs (food requirement, ingestion rates, bioaccumulation potential, activity patterns)
« consider commumnty and ecosystem level effects

Charactenization of receptors—community and ecosystems
« consider structural attributes (biodiversity, biomass, guilds successional stage, food web)
« evaluate functional attnibutes (pnimary production, respiration, decomposition, nutrient cycling, resilience)
« consider local/regional significance
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Selection of target chemicals
« re-evaluate and revise target chemicals selected previously if necessary

Contaminant release/transport and fate
« evaluate the most important release mechanism(s) (e g , dust emussions, volatilization, surface and groundwater
contamination, direct uptake by biota)
« evaluate the most likely transport routes and resulting contaminant fates
« provide quantitative estimates of release, distribution and concentrations of contaminants from direct measurement,
desk-top calculations, or simple models

Exposure pathway analysis
« 1dentify most important pathways, for each receptor, based on quantitatrve estimates of exposure
« consider exposure pathways from the point of view of the VEC

Aquatic and/or terrestrial exposure
« venty exposure 1dentified 1n Screening Assessment
« estimate exposure via most unportant pathway(s)
- 1n aquatic systems, provide preliminary estimates of exposure or tissue concentration using bioaccumulation factor
and/or bioconcentration factor
« conduct a literature search/make contacts to obtain data on exposure parameters (e g , ingestion rates, etc )
« 1n terrestrial systems, provide dose mnformation
« 1f appropniate, develop simple food chain models
« consider cumulative effects
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Table 6 Continued

Uncertainty analysis

* categorize and rank sources of uncertainty (e g , data uncertainty, model uncertainty)

« provide estimates of uncertainty (confidence or tolerance hmuts) for exposure concentrations, if possible Typical
exposure concentrations are geometric means and reasonable maximum exposure (RME) RME corresponds to the
upper 95 percentile confidence 1nterval

« venfy/cahbrate imitial estimates using monitoring data
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» confirm or modify list of target chemicals

= review toxicity data compiled in Screening Assessment and Preliminary Quantitative ERA

* re-evaluate measurement and assessment endpoints

* design a sampling and testing plan to assess the effect of site contaminants on the VECs

» ensure a link between exposure assessment (1 e , contaminant distribution) and sampling for hazard assessment

- conduct appropriate toxicity tests, use surrogates as necessary and develop extrapolation procedures These types of
tests may need to be specified by the regulator for consistency

* use a battery of tests for measurement endpoints

» 1f effects of target chemicals require sublethal or other endpoints, conduct required testing

+ develop population-level models that can be used to predict effects to contaminant exposure

+ for field investigations, focus on population and communty level effects

* estimate uncertainty
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+ estimate quotient EEC/BC for most sensitive endpoint(s) (use BCs for threshold effect concentration and LOEC if
avatlable, otherwise use LCy;s and other less sensitive endpoints), with an estimate of uncertainty

» ndividual continuous exposure response estimate probability for several effect magmtudes (e g , 5, 10, 25% reduction
1n survival, growth, or reproduction)

» population models combine estimates of effects on survival, growth, and reproduction to provide average reproductive
potential (+/- tolerance limits), probabihty of extinction, or other appropriate estimate of effects/risks

» for all methods, explore effects/risks associated with remediation options

» develop terms of reference for Detailed Quantitative ERA, as appropriate

testing should be conducted with the receptors of concern
However, toxicity data can be extrapolated to estimate
toxicity 1f necessary The toxicity endpoint 1s usually
mortality, although chronic and sublethal endpoints that
relate to the receptors can be very important Where the
emphasis 1s on populatton or community level
assessments, direct measurements are invaluable

The questions of interest 1n risk assessment can relate to
effects on the abundance, production, and persistence of
populations and higher levels of orgamzation Despite the
fact that population-level endpoints are of great importance,
few researchers have developed tools to assess those effects
(Suter 1993) Therefore, individual-level toxicity data are
integrated with ecological theory to provide useful
assessments of population-level effects of contaminants

Population-level studies can include measurement
endpoints such as population size, density, class
structure, frequency/probability of extinction, and
required habatat size

Suter (1993) reviews a vanety of approaches to
population analysis for ERA and provides case examples
He classifies the approaches into reproductive potential,
projection matrices, aggregated models, and individual-
based models As there has been a lot of recent interest
in the latter, further information 1s provided below

Individual-based models are ones 1n which population
dynamics are represented 1n terms of the physiological,
behavioural, or other properties of the individual
organisms  According to Suter (1993), there are two
broad approaches to developing such models one
emphasizes Monte Carlo simulation and the other
emphasizes analytical solutions to equations The
analytical approach produces results that are general,
easy to venfy, and easy to understand, however, the level
of detail 1s hmited and such models work best for simple
orgamsms  The simulation approach can have an
unhmited number of vanables and parameters Personal
computer models can run for hundreds of individuals
"hiving" substantial tme periods The lirmtation of
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stmulation modelling 1s that 1t 1s data-intensive and
complex

In most cases, extrapolation of hazard assessment data
from species to species, endpomnt to endpoint, or
laboratory to field 1s required and/or population-level
models are used These are important components of
Preliminary Quantitative ERA hazard assessment, but
they are often large contributors of uncertatnty

Prehminary quantitative information will be generated
concerning bioaccumulation potential  Finally, site-
specific factors that could be operating to modify
predicted effects will be 1dentified

4.2 4 Risk Characterization
See CCME 1996b, Appendix E

Simple quantitative methods will use information
generated by the other three components of the
Preliminary Quantitative ERA to determine population-
level responses by the sensitive species to the priority
contammants Appropnate risk charactenzation methods
for Preliminary Quantitative ERA include quotient
methods and continuous exposure-response methods at
the individual or population level Estimates of nisk
provided by quotient methods should be more
quantitative than those used 1n Screening Assessment
The use of safety factors should be discouraged unless
these factors are empinically supported Confidence or
tolerance hmuts should be provided for the EEC, the BC,
or both Comparability of nsk charactenizations is
enhanced 1f the BC refers to a standard effect level such
as LC,,, ECy, or some other quantile rather than NOEC,
maximum acceptable toxicant concentration (MATC), or
lowest-observed-effect concentration (LOEC) Note that
if quantile responses are routinely determined, it 1s
relatively sumple to proceed to the next level of
complexity, continuous exposure-response relationships

Quotient and individual continuous exposure-response
methods are most suitable for the following specific
applications

¢ development of remediation cnteria
¢ charactenization of rnisk for small sites or where
contarmunation is himited to a few areas

Most existing Canadian critenia and objectives/guidelines
are calculated using a quotient type of approach set at some
BC divided by a safety factor This provides a consistent
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approach to denving guidelines or critena, including
remediation criteria  However, site-specific remediation
critena developed by quotient methods should be evaluated
by subsequent momtoring or by comparison with criteria
based on other methods such as population models

Estimates of population-level effects or nsks may not be
necessary 1n cases where contamination 1s restricted to
small areas However, the nisk assessor must consider the
type of species being exposed and the influence of
temporal variability on this assumption Small
contamtnated areas may contain only a few individuals,
especially of larger species, or the contarmnated area
may be smaller than the home range of an individual bird
or mammal In these small areas, immigration and
emgration, rather than survival or reproduction, will
control numbers Thus, traditional population models
will not apply under these circumstances

Population methods should be used whenever the
contamnated site 1s large enough that numbers of organisms
are largely controlled by survival and reproduction within
the site, rather than by immugration and emugration  Also,
at these larger spatial scales, actual field measurements of
numbers or reproduction may not be feasible Population
models are specifically recommended for

» large sites and regional studies

» sites where field samphng or toxicity testing of
endangered, rare, or threatened species is 1nadvisable

+ prionty-setting when extensive field monitoring,
toxicity testing, and chemcal analyses are required

» exploration of altermatives, especially costly
remediation alternatives

» venfication or evaluation of quotient methods/cnteria

The pnmary limitations on the use of population models
will be the availability of exposure-response relationships
for survival, growth, and reproduction

The use of population-level models 1n nisk charactenzation
1s increasing  Monte Carlo simulations are becoming a
tool used m ERA The steps involved 1n a Monte Carlo
analysis include (Suter 1993)

1 defining the statistical distributions of the input
variables

2 randomly sampling from these distributions of input
vanables

3 performing repeated model simulations using the
randomly selected sets of input vanables



4 analyzing the output

The result, after many iterations, 1s a probability
distribution of the nisk or exposure with a most hkely
value, an average value, extreme values, and a shape that
describes the variability and uncertainty around the
calculated nisk or exposure (Gephart et al 1994)

Standardized computer programs that conduct Monte Carlo
simulations are now available (e g, @RISK and Crystal
Ball) One disadvantage 1s that users may overlook the
implicit assumptions that contribute to the uncertainty of the
ERA Also, because Monte Carlo simulations can now be
run with ease, they are often used inappropnately Recently
Burmaster and Anderson (1994) proposed 14 principles of
good practice for the use of Monte Carlo techmques 1n
ERAs to assist people in performing and reviewing
probabilistic nsk assessments

Suter (1993) pomts out that 1t 1s not always easy to collect
data to calibrate a population model Another approach for
model validation 1s to use and compare alternative models to
assess the congruency of model predictions

No matter which method of nisk charactenization 1s used, the
statement of sk should describe the relative nsks posed by
the chemicals of concern The statement of nsk can take
several forms, such as the probability that a given
contamiant level will be exceeded or the cumulative
probability that contanunant concentrations will exceed an
effects threshold The assumptions and uncertainties of the
model should also be clearly stated so that the statements of
nisk are put 1n context

425 The Outputs

Outputs from a Prehmnary Quantitative ERA are
summanzed 1n the box below

The main outputs of a Prelimmary Quantitative ERA
mclude

* aquantitative estmate of the nisk for ecological effects and
estumates of the degree of uncertanty associated with that
estimate

* asute-specific database pertaiing to the priority chemucals,
sensitive species, toxicity, and current environmental
conditions

» areport specifying project activities, findings, uncertainties,
conclusions, and recommendations

* asimple model (1deally cahbrated and checked with actual
data) predicting future biotic and abiotic conditions with
and without mitigation

4.2.6 The Next Step

Upon completion of a Preliminary Quantitative ERA, the
adequacy of that ERA with respect to the site-specific
objectrves for the contamnated site needs to be evaluated
by the nisk assessor and the nisk manager At this point
a decision needs to be made between two choices

» action for the site can be taken based on the
Prelimunary Quantitative ERA or

» some/all of the ERA components need to go to
Detailed Quantitative ERA

Examples of critena that are used to decide about
whether to conduct a Detailled Quantitative ERA are
provided in Table 7 This list 1s not exhaustive since the
decision 1s site-specific

It 1s an option at this level, or at any other, to proceed to
the next level of complexity for only one or a few
elements 1n the framework For example, at the end of
Preliminary Quantitative ERA, a decision may be made
to proceed to a Detailled Quantitative ERA for only
exposure and hazard studies 1f, for example, enough 1s
already known about the sensitive species to warrant no
further study on that component

5.0 DETAILED QUANTITATIVE ERA
5.1 Introduction

A Detailed Quantitative ERA 1s carmed out when further
data are needed to reduce the uncertainty about the estimate
of nsk generated 1n the Preliminary Quantitative ERA  This
may require more extensive field testing, more complex
models, or validation to address 1ssues such as community
or ecosystem effects, the effects of chemical mixtures on
biota, and/or exposure through multiple pathways Many
components require computer models

Purposes of a Detailled Quantitative ERA

+ to produce quantitative predictions regarding current
and future nisks to ecological populations, communities,
and ecosystems due to the presence and migration of
chemucals at the site and from migration of chemicals off
the site

+ to develop an adaptive process for selecting unique,
site-specific, quantitative remediation objectives, which
may be revised through time
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Table 7. Decision Pomts for Proceeding to a Detailled Quantitative ERA

Receptor Characterization

In most cases, adequate receptor characterization can be achieved by a Preliminary
Quanttative ERA, 1f this 1s not the case, a Detailed Quantitative ERA receptor
charactenization may be required

Receptor characterization 1s more likely to drive an ERA to Detailed Quantitative ERA by
way of the receptors that are 1dentified, for sites with receptors of high public and ecological
concern, a Detailed Quantitative ERA may be required to reduce the level of uncertainty

Exposure Assessment

More complex quantitative analytical methods are required for sites with a combination of
e numerous contaminants
«  no available environmental standards or criteria
o o data with which to calculate benchmarks
«  multiple exposure pathways
« complex contaminant release and transport processes
« arequirement for analytical results 1n great detail and precision

target chemical[s])

If the site use 1s extremely complex, resulting 1n unpredictable contaminant exposures and
pathways, a Detailed Quantitative ERA exposure assessment involving extensive field
sampling may be required (particularly if the hazard assessment indicates high toxicity of the

If the target chemicals are numerous, present as mixtures

If the level of uncertainty 1s unacceptable given the hazard information (1 € , extreme hazard)
and a Detailed Quantitative ERA may significantly reduce the uncertainty

Hazard Assessment

If the assessment endpoints are at high levels of biological orgamzation (e g ,
community/ecosystem) and/or the measurement endpoints need to be technically
sophusticated (e g , chronic toxicity tests, microcosms, mesocosims)

Risk Characterization

If the assessment endpoint requires a population-level or higher risk assessment for the site
(e g, Standard Water Column Model, SWACOM)

5 2 Detailed Quantitative ERA Components

It must be emphasized that a full Detailed Quantitative ERA
will be conducted only 1n spectfic situations In most cases,
only one or two of the components of an ERA (e,
exposure assessment, receptor characterization, hazard
assessment, nisk charactenization) will go to Detailed
Quantitative ERA, the others will remain at Preliminary
Quantitative ERA  The ERA process will be better served
by having only component-particular data deficiencies met
Table 8 provides a summary of possible tasks characteristic
of the components of a Detailed Quantitative ERA

5.2.1 Receptor Characterization
See CCME 1996b, Appendix B

The receptor characterization 1s expected to be conducted
nfrequently since Preliminary Quantitative ERA 1s usually
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sufficient  This most detailed level addresses specific 1ssues
with highly valued species or commumities Quantitative
and data-intensive communuty and ecosystem studies are
more necessary at Detailed Quantitaive ERA

52.2 Exposure Assessment
See CCME 1996b, Appendix C

Detailed Quantitative ERA exposure assessments are
quantitative and generally utilize advanced computer
models to describe present and future transport Because
the spatial scale of Detailed Quantitative ERA 1s large,
exposure assessments have to consider several different
release mechanisms and exposure pathways

Estimation of uncertainty through Monte Carlo
simulation, sensitivity analysis, and calibration with
monitoring data can be an important part of Detailed



Quantitative ERA exposure assessment, providing
adequate parameter distributions are available The
major limutations for Detalled Quantitaive ERA
exposure assessment are hikely to be the lack of
availability of data for input parameters and suitable
models, especially for terrestnal ecosystems

The uncertainty analyses for Detailed Quantitative ERA
will often be limited by the lack of availability of
exposure data

5.2.3 Hazard Assessment
See CCME 1996b, Appendix D

Chronic and sublethal endpoints will be estimated for the
toxicity of chemucals The toxicity of the mixture of
chemtcals found at the site to sensitive species at the site
should be determined using either laboratory or in situ
toxicity testing  Media from the contaminated site should
be the focus of testing

The hazard assessment allows 1nvestigators to focus on
specific 1ssues related to deleterious biological effects on
the contaminated site At this level, the measurement
endpoints closely approximate the assessment endpoints
Detailed Quantitative ERA requires sophisticated
expenimental design with clear testable hypotheses
Higher levels of biological orgamzation are usually
examined to address concerns that laboratory toxicity
testing will not cover

There are four types of effects that may occur 1n ecosystem-
level tests and models that do not occur at the organmism and
population levels (Suter 1993) These include

» effects on a population's ability to interact with
populations of other species

 1ndirect effects on a population due to effects on the
populations with which 1t interacts

» changes 1n the structure of the ecosystem

+ changes 1n the functional properties of the ecosystem

The first two are, strictly speaking, community-level
effects with ecosystem level influence, whereas the last
two are observed only 1n ecosystems Scientists tend to
acknowledge the importance of ecosystems, while
continuing to use orgamsm-level and population-level
biology This 1s largely due to the lack of tools for
ecosystem-level studies Impediments to ecosystem-level
assessment are reviewed 1 Suter (1993)

5.2 4 Risk Characterization
See CCME 1996b, Appendix E

A computer simulation model will likely be required to
produce quantitative predictions regarding current and
future nisks to ecological populations, communities, and
ecosystems due to the migration of chemicals from the
contamunated site  This will form the basis for generating
quantitative estimates of ecological nsk for scenarios
ranging from no mutigation to maximum possible control

The most approprnate nsk charactenization methods are
ecosystem-level models based on continuous exposure-
response relationships  However, there are two specific
mstances 1n which quotient methods might be suitable

* when estimating risk from multiple chemicals by
summung quotients

* when estimating nisk and developing remediation
critenia for aquatic communities

At the present, the summation of quotient values does not
include possible synergistic and/or antagonistic toxic
effects caused by mixtures of chemicals This 1s because
there 1s nsufficient information to take these effects into
account The assumption of additivity 1s probably most
applicable to chemicals that induce the same effect by the
same mechanism of action For quotients that are
determmed using different benchmarks, the types of
benchmarks that were used should be noted It would be
difficult to separate the quotients by the effect and
mechanism of action, and 1f 1t were done improperly, 1t
could underestimate the risk In order to be conservative,
all effects will be treated equally and summed for each
chemical and also across exposure pathways

Development of ecosystem models for cases in which there
are multiple contaminants has not been attempted, this may
be a difficult task Summing quotients may be adequate for
assessing risks to individual species but mnadequate for
assessing risks at higher levels, unless the quotients are
based on effects at the ecosystem level There are lngher-
level quotient methods available for aquatic communities,
such as that used by the Ohio EPA (1987a,b, 1988) More
generally, there 1s a large amount of literature on
contaminant 1mpacts on benthic macromvertebrate
communities (Klemm et al 1990) If data are available for
reference sites, nsks to aquatic commurities can be
estmated and remediation cnteria developed for
contarminated sites  However, methods such as that used by
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the Ohio EPA cannot be used to predict effects associated
with remediation alternatives and do not account for the
transfer of effects from one level to the next

Detailed Quantitative ERAs and ecosystem models will
most commonly be used for highly contaminated sites
The models can also be used to guide monitoring efforts
and explore remediation alternatives Ecosystem models
would be recommended for

* large sites (dramage basins, ecoregions)

* sites contaiming critical habitats, mcluding umique
communities Or ecosystems

* venfication or evaluation of quotient methods/criteria

525 The Outputs

The outputs from a Detailed Quantitative ERA are
summarized 1n the box below

The main outputs of a Detailed Quantitative ERA
mclude

» acustomized database containing information on target
chemicals, receptor biota and communities, toxicity
data, and environmental conditions

« cahbrated, advanced models (1 €, that use field data)
that predict future biotic and abiotic conditions with or
without various mitigation options

« summary of all of the above 1n a report providing a
synopsis of all phases of the project and covering all
activities, findings, conclusions, and final
recommendations

52.6 Research and Development Needs

Major research and development needs for Detailed
Quantitative ERA components include

¢ development of simple empirical quantitative methods,
particularly those based on past retrospective
assessments

+ assessment of safety factors and extrapolations used in
quotient methods and development of alternatives

¢ development of models for assessing nsk from
multiple chemicals

¢ development of models for
noncommercial species/ecosystems

terrestrial  and

Other 1ssues such as density-dependent effects and
exposure through multiple pathways are probably less
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important Density-dependent effects may certainly exist
but will usually lower nisk estimates 1f included in nisk
characterization Regulators may be reluctant to accept
these lowered nisk estimates unless these effects can be
conclusively demonstrated i field studies Multiple
exposure pathways are likely to be important for only a
limited set of compounds In most cases, one pathway
will dominate (LaKind and Rifkin 1990)

Sites at this level of concern are probably severely
contaminated and aspects of the remediation program
may be expenmental 1n nature An adaptive process 1n
which the success or effectiveness of the mitigation
program is verified through an environmental monitoring
program 1s therefore required There 1s great value 1n
establishing an environmental monitoring program to
generate information that, in time, will permit the ERA
framework to be refined and the methods tested and
improved

60 REPORTING AN ERA

The document that results from a risk assessment 1s the
record of how the nisk assessment was conducted and
what the findings were Standardizing nisk assessment
documents and ensuring that they are assembled at a
central location will ensure a useful library of examples

Although each nisk assessment is unique, there are standard
features that the documentation should include Obwviously,
sections such as table of contents, list of figures, hist of
tables, acknowledgments, references, and appendices need
to be included 1n all reports  Other documentation required
when reporting an ERA are listed below

The executive summary summarizes the study, and 1ts
findings for nontechrucal decision makers should include

* background of the study site

» rationale and objectives for conducting the nsk
assessment

* description of the level of ERA that was conducted

* description of the risk assessment methods

* description of the key findings of the study

The introduction to the document should 1nclude

* clear statement of the objectives of the investigation

* description of the events leading to the decision to
conduct a risk assessment and the level of ERA to that
point



Table 8 Summary of Tasks Comprising the Components of a Detailed Quantitative ERA
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¢ detailed quantitattve methods

« field mnvestigations, monitoring data, and detailed computer models

»  models to predict exposure, hazard, and risk for remediation alternatives as well as for existing conditions for multiple
exposure pathways/chemicals
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Detailed study
«  analyze community structure in depth
< 1mprove accuracy and precision of quantitative information collected 1n the Preliminary Quanutative ERA
< measure ecosystem functions in the field
«  assess successional trajectory following remediation
Exposure Assessment | A i co Se¢ CCME 1996b, Appendix C
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Selection of target chemicals
« revise or confirm from Prehminary Quantitative ERA, 1f necessary, use advanced quantitative fate models
incorporating most important pathways of individual chermcals and mixtures

Contaminant release/transport and fate
+ combine detailed models with direct measurement (site-specific momtoring data)
« apply site-specific complex models (e g , GEMS, EXAMS)
« explore long-distance transport and long-term persistence

Exposure pathway analysis
» ntegrate exposure from several pathways
« confirm pathways through direct measurement
» conduct advanced quantitative fate models incorporating most important pathways of individual chemicals and
mixtures

Aquatic and/or terrestrial exposure
* ntegrate detailed exposure models with transport and fate models
+ make quantitative estimates of exposure from different pathways
+  evaluate food-web models, iIf appropriate

Uncertainty analysis
»  provide estimates of uncertainty for exposure
» use Monte Carlo simulations, sensitivity analys:s, calibration with monitoring data where adequate data distributions
exist
Hazard Assessment c T ‘ By See CCME 1996b, Appendix D
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* re-evaluate measurement and assessment endpoints
* use sophisticated hazard assessment methods (e g , mesocosms, microcosms, QSARS, field experiments, growth,
reproduction tests with indigenous species, community/ecosystem assessment)
«  establish extrapolation relationships, 1f necessary, to reduce uncertainty
«  assess mixtures and multiple exposure pathways, as apphicable
«  develop well-documented exposure-response relationships for samples collected at the site
»  evaluate exposure-response relationships for survival, growth, and reproduction of all VECs
« evaluate exposure-response relationships for population(s), community and/or ecosystem
¢  estumate uncertainty
Risk Characterization ’ T i e * . See CCME 1996b, Appendix E

E

*  use population, community, and ecosystem models, 1n rare instances, use quotient methods

« provide probabihity of several effect magnitudes

< estimate uncertainty and sensitivity

+ 1ndicate major sources of uncertainty for any predictions, provide a monitoring program to verify and evaluate these
predictions

« make quantitative estimates of ecological risk
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The site description should include

* site description and history, including detailled maps
and information on adjacent land uses and other
potentially impacted media (e g , groundwater flowing
to surface water)

¢ description of the nature and extent of contamnation
by medium and contaminant type

The section on approach should follow the level of detail
given 1n this document and should include

» section describing the overall approach used to
perform the nisk assessment (figures and flowcharts are
useful)

» detailed documentation on rationales such as the
triggers for ERA

+ asection describing the orgamzation of the report

The 1ntroduction, site description, and approach sections
set the tone for the whole document, and authors are
encouraged to prepare these sections before the nisk
assessment 1s nitiated If the readership 1s unfamihar
with nisk assessment, a short summary of nisk assessment
theory could be included in the introduction The site
description should include reference to pertinent work
conducted at the site

The body of the nisk assessment consists of five main
secions ERA planning, receptor characterization,
exposure assessment, hazard assessment, and nsk
charactenization Within each of these sections, there
should be the following elements

+ 1ntroduction to the particular component of the nsk
assessment
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» specific methods used

* assumptions

* findings, with emphasis on presentation of information
1n figures and tables

+ consideration of uncertanty, including main sources

+ conclusions, with particular emphasis on information
that will be needed by other components of the nisk
assessment (eg, the results of a receptor
charactenization would be needed by the hazard
assessment component)

The body of the nsk assessment should be detailed
enough that a nisk assessment practitioner can judge
whether the work met 1ts objectives and was conducted
properly It 1s more important to put effort into the actual
nisk assessment than mto producing a detailed report, but
the report becomes the only documentation of the
completed nsk assessment

The overall uncertainty section of the nsk assessment
should summanze the uncertainties identified 1n the body
of the report The nfluence of the uncertainty on the
conclusions of the ERA should be discussed

The overall conclusion of the risk assessment should be
brief and use the information provided 1n the conclusion
sections for each of the components of the body of the
report Conclusions should be integrative 1n nature,
pulling together all aspects of the assessment The most
important thing to keep in mind when preparning the
conclusion 1s to summarize the results within the context
of the objectives of the study

A glossary may be required because nsk assessment
termunology 1s not yet 1n common or consistent usage in
many scientific circles
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Glossary

application factor (AF) — A numencal, unitless value,
calculated as the threshold concentration of a chemucal
for chronic effects divided by 1its threshold
concentration for acute effects An AF 1s generally
calculated by dividing the limits (no-observed-effect
concentration [NOEC] and lowest-observed-effect
concentration [LOEC]) of the maximum acceptable
toxicant concentration (MATC) by the LC,, The AF
ts usually reported as a range and 1s multiplied by the
median lethal concentration of a chemucal as
determined 1n a short-term (acute) toxicity test to
estimate an expected no-effect concentration for
chronic exposure

assessment endpoint — The charactenstc of the
ecological system that 1s the focus of the nsk
assessment

benchmark concentration (BC) -  Specific
concentrations at which some level of effects 1s
expected (e g, LC,;, MATC) These concentrations
are denved from hazard assessment

bioaccumulation factor (BAF) — The ratio of the
concentration of a compound 1n the tissues of aguatic
orgamsms relative to the water they live in

biomarkers — Biochemical or cellular indicators of
exposure (e g, body burdens, indicators of DNA
damage, enzyme activity, and biochemical indicators of
reproductive or bioenergetic status)

ecological nsk assessment (ERA)

* The process of assigning magmtudes and
probabihties to adverse effects of human activities
(or natural catastrophes) (Barnthouse and Suter
1986)

* A formal set of scientific methods for estimating
the probabilities and magmtudes of undesired
effects on plants, ammals, and ecosystems
resulting from events n the environment, including
the release of pollutants, physical modification of
the environment, and natural disasters (Fava et al
1987)

* A subcategory of ecological impact assessment
that (1) predicts the probability of adverse effects
occurring 1 an ecosystem or any part of an

ecosystem as a result of perturbation and (2)
relates the magmtude of the impact to the
perturbation (Norton et al 1988)

The process that evaluates the hkehhood that
adverse ecological effects may occur or are
occurring as a result of exposure to one or more
stressors This definition recognizes that a nisk
does not exist unless (1) the stressor has an
mnherent ability to cause adverse effects and (2) 1t
1s comncident with or contacts the ecological
component long enough and at sufficient intensity
to ehcit the 1dentified adverse effect(s) (U S EPA
1992a)

expected environmental concentration (EEC) — The
calculated concentration of a chemical 1n a particular
medium for a particular site

exposure — The process by which a chemical 1s delivered
to an orgamism, resulting 1n a dose (the amount of a
chemical erther 1n the organism as a whole or in a
target tissue) Exposure 1s a result of the concentration
and form of a chemucal n the environment, coupled
with the presence of the organism

exposure assessment — The process of eshmating the
dose received by an orgamism, population, or
ecosystem It may be prospective, in which case
estimates of the chemucal concentrations and forms in
vanious media or habatats are combined with estimates
of the organism's behaviour to predict dose It may
also be retrospective, in which case dose 1s estimated
from body burdens of the cherucal or changes in the
organism caused by the chemical (btomarkers)

hazard assessment — The overall process of evaluating
the type and magnitude of adverse effects caused by a
stressor

lowest-observed-effect concentration (LOEC) — The
lowest amount or concentration of a stressor for which
some biological effect 1s observed

maximum acceptable toxicant concentration (MATC)
— The maximum concentration at which a stressor can
be present and not be toxic to the test organism The
MATC 1s normally calculated as the geometric mean of
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the lowest concentration for which an adverse effect
was observed (LOEC) and the highest concentration
that did not yield any adverse effects (NOEC)

median effective concentration (EC;) - The
concentration of a stressor 1n water that 1s esttmated to
be effective 1n producing some biological response,
other than mortality, in 50 % of the test organisms over
a specific ime 1nterval (e g , a 48-h daphmd ECy)

measurement endpoint — An effect on an ecological
component that can be measured and described 1n
some quantitative fashion

median lethal concentration (LC,) - The
concentration of a stressor 1n water that 1s esttmated to
be lethal to 50 % of the test organisms over a specific
time nterval (e g , a 96-h fish LCy)

mesocosm — A composite physical and biological model
of an ecosystem, intermediate 1n scale between a
microcosm and a macrocosm, with a level of
orgamzation as stmular as possible to the natural world

microcosm — A laboratory stmulation of a portion of an
ecosystem (e g , a microbial community 1n a beaker)

modifying factor — Any charactenstic of an organism or
the surrounding environment that affects toxicity

Monte Carlo smmulation — An 1terative process
involving the random samphing of stochastic model
parameter values from specified frequency
distnbutions, simulation of the system, and output of
predicted values The distribution of the output values
can be used to determune the probabihity of occurrence
of any particular value (after Suter 1993)

no-observed-effect concentration (NOEC) - The
amount or concentration of a stressor that does not

result 1n any adverse effect

QSAR (quantitative structure activity relationship) -
A method of estimating unmeasured physical and
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toxicological properties for a chemical on the basis of
chemucal structure, functional groups, and similanty to
known chemucals

receptor — The entity (e g, orgamsm, population,
community, ecosystem) that mught be adversely
affected by contact with or exposure to a substance of
concern

risk — The chance of an undesired effect, such as injury,
disease, or death, resuling from human actions or a
natural catastrophe

risk assessment — A set of formal scientific methods for
esttmating the probabiliies and magnitudes of
undesired effects resulting from the release of
chemucals, other human actions, or natural
catastrophes

nsk characterization — The evaluation of the likelthood
that adverse ecological effects may occur as a result of
exposure to a stressor, including an evaluation of the
consequences of these effects

route of exposure (exposure pathway) —The means by
which orgamisms are exposed to contamnants
Routes/pathways would include uptake of
contarminants from solution, ingestion of contaminated
food/prey, nhalation of contaminated particles, etc
More generally, routes of exposure include exposure
via water, soil, sediments, food, and other media

site characterization — Evaluation of available data and
information concermung the site (e g, site use, geology,
hydrology, available chemustry, and toxicity data)

SWACOM - The standard water column model 1s the
best known ecosystem model that considers higher-
order processes such as competition, predation, and
energy transfer through the food chain

valued ecosystem component (VEC) — Each of the
environmental attributes or components identified as a
result of societal values and considerations
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