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FOREWORD

In an effort to improve efficiency within DOD, the Air Force Center for
Environmental Excellence (AFCEE), the Army Environmental Center (AEC), and the
Naval Facilities Engineering Service Center (NFESC) have combined to
coordinate projects of mutual interest. One such project has been the
development of procedural guidelines for ecological risk assessment. The
product of this effort will maximize the transfer of programmatic and
technical information in ecological risk assessment to the Tri-Service
Centers.

The purpose of this report is to provide guidance for conducting ERAs for use
by risk assessors at Navy, Air Force, and Army installations. Each of the
three services has a support center which is available to provide guidance and
programatic services. The three members are: U.S. Army Environmental Center
(AEC), Naval Facilities Engineering Service Center, and the Air Force Center
for Environmental Excellence. Using this approach will provide Tri-Service
Centers with cost-effective, tiered procedures with which to direct and
coordinate the scientific and technical efforts of contractors involved in
ecological risk assessment.

The Procedural Guidelines for Ecological Risk Assessments is representative of
the DOD trend toward partnership, and the goal to use increasingly scarce DOD
dollars as efficiently as possible. With this vision in mind, the tri-
services have joined efforts to produce this procedural guidance document that
will benefit each of the services equally.

Cdlonel Michael McPherson, Commander, Air Force Center for
Environmental Excellence

-

Col%ﬁél Daniel Uyésugl Commande Efvironmental Center

o oo

Captain J6hn Coflins, Commanding Officer, Naval Facilities
Engineer? rvice Center
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and a decision made concerning the potential for risk to occur in
the RC phase, after which a decision will be made whether to
proceed to testing at higher tiers. The assessment should
proceed if the probability of risk is apparent, but complete
characterization of risk cannot be determined due to significant
data gaps. The assessment should not proceed if no risk is
apparent, or if the risk is so great that action (e.gq.,
remediation, containment, etc.) is warranted immediately.
Proceeding to higher tiers in these situations would be a waste
of time and money. Tiers are defined on the basis of progressive
increases in the level of concern or in levels of manpower and
monetary inputs in each successive tier.

Tier 1 (Figure 4) involves primarily a literature study, but adds
RI results, historical site information, existing field data,
literature and output from fate and effects models, and previous
field surveys on the biota (including endangered and threatened
species). These studies can be conducted by personnel from the
installation, the USFWS, or other governmental agencies.
Measurement endpoints rely on available data with underlying
conservative assumptions and infer protection for assessment
endpoints. These data and results may be used to develop
preliminary hazard indices (risk quotients). The purpose of
higher tiers (Figure 5) is to address data gaps and reduce
uncertainty in the risk characterization and lessen the need for
the use of conservative assumptions. This does not necessarily
mean that laboratory studies are conducted in Tier 2 and field
studies in Tier 3. 1In many cases, a laboratory study in Tier 3
will answer data gaps in the ERA with more precision than would
field studies.

Tier 2 should address site-specific issues, limiting reliance on
literature-cited values. This may include more models,
laboratory tests, or limited field studies to address data gaps
in exposure or ecological effects, and use more sophisticated
analyses to develop more rigorous hazard indices to prioritize
various locations at the site for potential risk. Measurement
endpoints should be more complex, relying on specific laboratory
or field studies that address data gaps identified in Tier 1, to
better relate to assessment endpoints.

Tier 3 involves increased complexity, combining site-specific
field observations with laboratory and field data to refine
exposure and ecological effects characterization. Studies may
include population- and ecosystem-level complexity and involve
substantially longer-term investigations. The uncertainty
associated with measurement endpoints is reduced, resulting in
stronger data and greater confidence. At this point, the risk
characterizations rely on distribution of exposure and effects
results to facilitate understanding and interpretation of hazard
indices at the site.
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Although each tier is, in essence, an evaluation by itself, it is
important that if testing proceeds to higher levels, there exists
continuity in the risk assessment among tiers. Continuity is
provided by establishing assessment endpoints. The measurement
endpoints employed will change if the ERA progresses to higher
tiers; however, the focus on assessment endpoints remains intact.
For example, for an investigation of dieldrin residues in soils
on a population of coyotes, one measurement endpoint in Tier
lmight be "dieldrin concentration in soil and in resident field
mice". In Tier 2, measurement endpoints might be "analysis of
coyote feeding habits on resident field mice and dieldrin
concentrations in coyote tissue". 1In Tier 3, the procedure might
involve a detailed analysis of coyote home range, time spent
feeding, reproductive behavior, etc. In each tier, the
measurement endpoints differ while the assessment endpoint
remains the same. Further, if the assessment were stopped at
Tier 1, estimates of risk would have to be conservative (e.g.,
broad "safety factors"). As the ERA process gathers more data on
actual exposure and effects, the conservative assumptions may be
relaxed.
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PROBLEM FORMULATION
2.1 General Overview

In the Problem Formulation phase (Figure 6), policy and
regulatory discussions with the risk manager establish the goals
and focus of the risk assessment. The views and values of the
various stakeholders concerned with the management of the site
are discussed, coordinated and prioritized. 1In this phase, the
major factors to be considered are identified for the particular
assessment, and working hypotheses are developed.

The process begins by characterizing exposure and ecological
effects, including evaluating the stressor characteristics, the
ecosystem potentially at risk, and the ecological effects
expected or observed. Assessment and measurement endpoints are
then identified. A conceptual model is constructed from this
information that describes how a given stressor might affect the
ecological components in the environment. The model also
describes the relationships among assessment and measurement
endpoints, the data required, and the methodologies that will be
used to analyze the data. The conceptual model serves as input
to the analysis phase of the assessment‘.

Problem Formulation (PF) should clearly define the goals of the
assessment (i.e., what are we trying to protect) and develop a

e that is appropriate for achieving those goals within the

istraints of available resources and the overall uncertainties
of the analyses. To accomplish this, the problem formulation
should ensure that the assessment focuses on the stressors,
ecological components, and endpoints that are most appropriate
for determining whether a cause and effect relationship exists
and for making ultimate management decisions. Reviewers of risk
assessment case studies!® observed that establishing cause and
effect is especially critical when resources are limited by
fiscal constraints. Strengths and weaknesses of the case studies
seemed to originate, in large part, from decisions made during
the preliminary planning stages.

Steps 1-4 presented in the EPA draft report on an ecological risk
assessment process for Superfund sites (Figure 2), are addressed
in the PF phase of EPA (Figure 6). After stressor
characteristics, ecological effects, and ecosystem parameters
have been initially reviewed (after step 2 in the EPA Superfund
draft report) a scientific/management decision point (SMDP) is
reached to decide whether the data warrants further study. After
each of the two remaining parts of the PF phase, endpoint
selection and development of the conceptual model, the EPA
Superfund report® calls for SMDPs to formally agree to the
results from these two key planning parts of PF. The use of
SMDPs stresses good communication among all parties involved and

17
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keeps the risk assessment process focused and efficient.
2.2 Discussion Between Risk Assessor and Risk Manager

Establishing a two-way dialogue between the risk assessors and
risk managers during the problem formulation phase is essential
to achieving societal, regulatory, and scientific goals. Risk
managers can ensure that the risk assessment will provide answers
for questions related to protection of societal values, selection
of remediation technologies, policy concerns and cost, whereas,
the ecological risk assessor ensures that the assessment
addresses important scientific concerns. Both perspectives are
necessary to efficiently utilize resources to produce
scientifically sound risk assessments that are relevant to
management decisions and public concerns®. Establishment of
SMDPs, as described above, is a good method to ensure that all
policy and scientific issues are addressed.

The National Crop Loss Assessment Network (NCLAN) case study!® was
a good example of an assessment where the ultimate management
issue was clear from the onset; the stressor, ecological
components, and endpoints were clearly defined; and the design of
the study was structured around a clear set of hypotheses
amenable to scientific inquiry. This level of clarity was
achieved, in part, through frequent meetings and interactions
among researchers and others involved with the risk
assessment/risk management process. The author and reviewers of
the case study stressed the importance of this type of
communication for clarifying issues and goals.

2.3 Stressor Characteristics

Stressors are chemical, physical or biological influences causing
negative impact on the populations or ecosystems at risk.
Chemical stressors include not only the contaminants of concern
(COCs), but inorganic and organic chemicals inherent in the
environment as well. Secondary stressors may arise as a result
of primary COCs, such as increased concentrations of
chlorofluorocarbons causing stratospheric ozone depletion which,
in turn, results in increased exposure to ultraviolet radiation.
Physical stressors are generally the abiotic environmental
conditions under which the biota find themselves. These include
such factors as seasonal and diurnal variance in atmospheric
temperature, soil characteristics (soil type, parent material,
climate, pH, organic matter content, management practices, etc.),
the hydrologic regime (seasonal flooding, tidal influences, etc.)
and habitat alterations (logging, construction, urbanization,
etc.). Biological stressors also exist and are often important
in determining survivorship of populations. Examples of
biological stressors include competitor and predator species,
introduced pests, such as the gypsy moth and various fungal
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pathogens of tree species, or cholera epidemics in bird species.
Changes in the physical/chemical environment may lead to subtle
changes in competitive abilities of a species or may lead to
changes in abilities to avoid predators, infestations, or disease
epidemics. Therefore, biological stressors may assume larger
roles in determining the maintenance of a population if the
habitat has been altered chemically or physically. Stressors may
also result from management practices such as harvesting of
fishery or forest resources, or cultivation techniques during
crop production.

Any stressor cannot be judged as such without reference to the
species or community under stress. One cannot isolate the
stressors from the species response, as they are interrelated.
The degree to which stressors influence the survivorship of
species depends on the magnitude of the stress (the intensity),
the duration of the stress (how long the species is exposed,
relative to its own life history characteristics), the frequency
(how often a stress of a particular intensity occurs), the timing
(when the stress occurs, relative to critical life history stages
of the species). A complex of stress factors influence species
responses; hence, creating a map of direct or indirect influences
of contaminant stressors onto the "mosaic" pattern of normal
stressors involves considerable thought.

The task of the RA in the PF phase is to analyze a suite of
previously compiled chemical, physical and biological data.
Literature data bases contain a variety of environmental
toxicology data for chemicals. A partial listing of such data
bases is given in Table 1. Defense Technical Information Center
(DTIC), DoD research laboratories and DoD scientists may also be
able to guide the RA to relevant toxicity data.

With this information, the RA then evaluates site-specific
stressor characteristics in the PF phase of the Tier 1 analysis.
During Tier 1, the RA identifies which chemical, physical, and
biological stressors are present based on available information
and estimates the nature, extent and potential interaction of
these stressors. This information may be obtained from databases
listed above but also from information previously collected from
the site, such as record searches or Installation Assessments,
reports on chemical storage, use and distribution, or from DTIC.
Information on chemical properties of the contaminants should be
examined in the context of biological, chemical, and physical
characteristics of the ecosystenmn.

The manner in which contaminants interact with the physical and
biological ecosystem components are predictable, within certain
constraints. Interactions among site-specific soil and biotic
characteristics influence contaminant distribution, fate and,
importantly, allow the RA to estimate the likelihood of the
contaminants remaining in-situ rather than moving off-site or
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through the ecosystem. For example, fairly simple models
(SESOIL, EXAMS; see Volume 2) may be called upon in Tier I to
estimate the distribution of contaminants downstream or in soils
on the site. The input data (e.g., soil moisture, pH, particle
size, percent organic matter) for these types of models, if not
measured directly, are available from detailed county soil
surveys (Soil Conservation Service), USGS topographic maps, or
state resource agencies. When more detailed and site-specific
information is available, more sophisticated models may be used
(CMLS, LEACHM; see Volume 2).

Table 1. Listing of databases available for information on
contaminant fate and effect.

1. Chemical Information System (CIS)

AQUIRE - Aquatic Information Retrieval

CERCLIS - CERCLA Information System

CHRIS - Chemical Hazard Response Information System

ENVIROFATE - Environmental Fate

ISHOW - Information System for Hazardous Organics
in Water

OHMTADS - 0il and Haz. Materials/Tech. Assist. Data
System

PHYTOTOX - Toxic Effects on Plants

2. National Library of Medicine's Database Selection Menu

HSDB - Hazardous Substances Data Bank
IRIS - Integrated Risk Information System
EMICBACK - Environmental

EMIC - Environmental

ETICBACK - Environmental
3. Dialog Databases

Oceanic Abstracts

Enviroline

Pollution Abstracts

Aquatic Sciences and Fisheries Abstracts
Environmental Bibliography
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Bioavailability of chemical constituents should also be
considered at this point. For example, is the chemical
hydrophilic or hydrophobic?; is it available in the soil water
and subject to surface runoff and leaching, or is it tightly
bound to soil particles and organic matter?; and how do site
specific soil characteristics affect the contaminants:
biocavailability?

At the end of Tier 1 PF, the risk assessor should have a good
understanding of the stressor characteristics for the particular
site under study. Data gaps should be addressed in Tier 2 if the
assessment proceeds that far.

2.4 Identifying the Ecosystem Potentially at Risk

Identifying the ecosystem potentially at risk from a stressor
depends in part on how the risk assessment was initiated. oOnce a
stressor is identified, information on the spatial and temporal
distribution patterns of the stressor can be helpful in
identifying ecosystems potentially at risk. Similarly, if the
risk assessment is initiated by observing effects, these effects
can directly indicate ecosystems or ecological components of the
system that may be considered in the assessment.

Ecosystem properties should be analyzed during PF. These
properties include ecosystem structure (including types and
abundances of different species and their trophic level
relationships), ecosystem function (i.e., ecosystem energy
source, pathways of energy utilization, and nutrient processing),
bioavailability, and aspects of the abiotic component (see
Section 2.3 above). 1In addition, types and chronology of
historical disturbance should be determined to help predict
ecological responses to stressors.

At this point, it is important to emphasize that not all aspects
of ecosystem structure and function need to be analyzed in every
risk assessment. The extent to which ecosysten properties are
analyzed depends upon the nature of the stressors and ecosystem
components, bioavailability, and the resources available.
Analyses should concentrate on those ecosysten components that
are determined to be at greatest risk. Knowing the stressor
characteristics can help to narrow the focus of the investigation
on the components of the ecosystem that are potentially most
susceptible.

Once stressor characteristics and the ecosystem potentially at
risk have been identified, potential pathways for contaminant (s)
through the ecosystem must be identified. Contaminant pathways
may be simple and straightforward or complex and highly branched.
Pathways are generally defined by naturally occurring physical,
chemical, and biological components of the ecosystem. As an
example, consider the evapotranspiration potential,
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precipitation, soil type, slope, local vegetation, and ground
squirrels (Citellus sp.) foraging on the vegetation in a given
ecosystem. In this example, the movement of an organic
contaminant might be a function of the seasonal food source
sought by the rodent species. In other seasons, the ground
squirrels are absent or dormant; hence, they would not be subject
to exposure by the same pathway.

The origin of each contaminant pathway is typically from soil or
water, at the site of contamination and the end of each pathway
is a component of the ecosystem where adverse effects may occur
(such as threatened or endangered species, a resident small
mammal population, or fish species in a downstream lake or
reservoir). Several assessment endpoints (see Section 2.6 below)
may exist at the end of a contaminant pathway because pathways
will seldom be unidirectional or linear. Chemical pathways
generally branch and proceed in multiple directions; for example,
a contaminant may have the potential for moving from a
contaminated site into an aquatic system, with no potential
impacts (branches) en route to a pond. However, once the
contaminant enters the pond, potential contaminant pathways may
include uptake of the contaminant by aquatic vegetation, by
aquatic organisms (e.g., mollusks, gastropods, aquatic insects),
uptake by fish, or amphibians, or transport back to the
terrestrial environment via birds or mammals that feed on aquatic
organisms.

The number of contaminant pathways are determined by the
characteristics of the contaminant and the complexity of the
ecosystem. Contaminant pathways must by identified on each Army
Superfund site; however, similarities in pathways will likely
exist among many sites resulting from similar ecosystems.
Greater definition (closer focus) of specific contaminant
pathways will be a function of Tier 2 and Tier 3 chemical
analyses. Ultimately, however, if a pathway is incomplete or
does not exist at a particular site, no cause and effect
relationship exists and there is no associated risk.

2.5 Ecological Effects

Ecological effects in Tier 1 of the PF phase should be derived
from studies in the literature that are applicable to the
stressors and ecological components of concern in the assessment,
and from reports of previous studies (e.g., RI/FS) conducted at
the site. Published data may come from a variety of sources
including field observations (e.g., fish kills, changes in
aquatic community structure), laboratory tests (e.g., single
species or microcosm bioassays), and chemical structure-activity
relationships. Home range, feeding area, and migratory patterns
of the biota of concern at the site should be determined from
USFWS, site specific sources (i.e., state fish and wildlife
agencies, military installation records, etc.) or the open
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literature. These data, together with spatial and temporal
patterns of the COC within the site can help characterize the
extent of ecological effects. Analysis of this information can
help focus the assessment on specific stressors and on ecological
components relevant to the site. '

Caution must be taken so that the ecological effects data are
properly utilized in Problem Formulation. For example,
applicability of laboratory-based tests may be affected by
extrapolations to various field conditions, whereas the
interpretation of field observations may be influenced by site-
specific factors such as natural variability or the presence of
stressors other than the COCs. Ecological effects data obtained
in PF can then be used to identify data gaps and to characterize
ecological effects in the Analysis Phase of the assessment.

2.6 Endpoint Selection

Ecologically based endpoints are selected after the societal,
regulatory, and biological goals have been established following
review of stressor characteristics, the ecosystem potentially at
risk, and the potential ecological effects. It is important that
the RA and RM collaborate and agree on the endpoints selected
before proceeding to the Analysis phase. An endpoint is defined
as a characteristic of an ecological component (e.g., increased
mortality in fish) that may be affected by exposure to the
stressor!. Two types of endpoints, assessment and measurement,
are used in the ERA to determine risk to the ecosystem.

An assessment endpoint is defined as:

An explicit expression of the environmental value to be
protected.?

For best use, assessment endpoints should have biological as well
as societal value so that scientific information can be linked to
the risk management process (e.gq., policy goals). For an ERA to
produce sound, acceptable results, there are five criteria
necessary for choosing assessment endpoints’*:

1) policy goals and societal relevance;

2) ecological relevance;

3) unambiguous operational definition;

4) accessibility to prediction and measurement; and
5) susceptibility to the hazardous agent.

When choosing assessment endpoints, two general questions must be
answered: (1) what valued components of the environment are
considered to be at risk; and (2) how should effects be defined?
Some assessment endpoints are mandated legally or politically;
however, the RA should also determine what endpoints should be
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Table 3. Examples of assessment endpoints.
endpoints, and possible endpoints for measurements of those indicators.’

Possible indicators

of effects on those

zard/Policy Goal

Assessment
Endpoints

Indicators of
Effects

Measurement
Endpoints

Herbicide used for
weed control in
southern lakes/No
acceptable loss of
fisheries

Agriculture
insecticide
associated with bird
kills/No acceptable
reductions in avian
populations function

Probability of >10%
reduction in game
fish production

Proportion of
raptors killed
within the region
of use

Increase in rates
of decline of
declining bird
populations within
the region of use

Laboratory toxicity
to fish

Laboratory toxicity
to food-chain
organisms

Field toxicity to
fish

Populations in
treated lakes

Laboratory toxicity
to prey

Laboratory toxicity
to raptors

Avian field toxicity

Avian laboratory
toxicity

Avian field toxicity

Trends in
populations of
declining birds

29

Fathead minnow LCs
Larval bass
concentration/mortal
ity function

Daphnia Magna LC
Selenastrum
capricornutum ECy

Percent mortality of
caged bass

Catch per unit
effort Size/age
ratios by age class

Rat LD 50
Japanese quail
dietary LCq

Sparrow hawk dietary
concentration/respon
se Japanese quail
dietary LCq

Number of prey
carcasses per
hectare Number of
dead moribund
raptors per hectare

Japanese quail
dietary LCg,
Starling dietary LCy

Number of bird
carcasses per
hectare by species

Rates of decline in
areas of use as
proportions of
reference areas



At this stage of the RA, the conceptual model should be used to
predict the impact of the chemicals on individuals, populations
and communities. The exposure scenario for chemical stressors
usually involves consideration of sources (e.g., explosives
burning ground), environmental transport (e.g., rate of movement -
through soil column), partitioning of the chemical among various
environmental media (e.g., soil particles vs. organic matter),
chemical/biological transformation or speciation processes (e.g.,
photolysis, biodegradation), and identification of potential
routes of exposure (e.g., ingestion, plant root absorption,
etc.). Exposure scenarios for non-chemical stressors such as
soil compaction, or habitat alteration describe the ecological
components exposed and the general temporal and spatial patterns
of their co-occurrence with the stressor. For example, the
exposure scenario may describe the extent and distributional
pattern of compacted and disturbed soil in a field used for
military training with tracked vehicles, the soil microflora,
vegetation and wildlife occupying or using this field, and a
comparison of the size and distribution of these populations with
those in adjacent undisturbed fields".

The hypotheses formulated must first be "weeded out" for those
considered most likely to contribute to risk. Then the risk
assessor should further narrow down the choices to focus only on
.those hypotheses that can be addressed with available resources.
These hypotheses are then evaluated in the Analysis phase. It is
important that any hypotheses not originally used in the Analysis
phase be re-visited when uncertainty is addressed in the Risk
Characterization (RC) phase. Uncertainty considerations of model
predictions in the RC phase may require that previous hypotheses
explaining the assessment endpoint be reviewed. Professional
judgement is needed to select the most appropriate risk
hypotheses; further, it is needed to document the rationale
underlying the selection process‘.

A detailed work plan should then be written describing
objectives, data requirements (including assessment and
measurement endpoints), experimental design, procedures and
methods, quality assurance objectives, and a time schedule to
estimate duration and completion dates of various phases of the
assessment. Work plans will vary according to the specific needs
of each assessment but should be formulated and agreed upon by
all parties involved. The work plan should be included in the
remedial investigation. In formulating a work plan, it is
critical to address how data gaps will be handled and to
explicitly state the data quality objectives'. The conceptual
model describes the approach that will be used for the Analysis
phase and the types of data and analytical tools that will be
needed.
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2.8 Evaluation of Problem Formulation

At the conclusion of PF, it is important for the risk assessors
and risk managers to determine the attributes and focus of the
rest of the assessment and to decide if indeed the assessment
should continue. The EPA?} has compiled a list of
scientific/management decision points (Figure 2) that include
factors that should be agreed upon before proceeding further with
the risk assessment such as:

(1) Deciding whether or not the risk assessment should proceed
further based on available information;

(2) Selecting assessment endpoints, testable hypotheses, and
measurement endpoints;

(3) Agreement upon the exposure‘pathways;

(4) Selection of specific investigation methodology;

(5) Selection of data reduction and interpretation methods.
Agreement by all involved parties on the decisions and

methodologies shown above will help to keep the risk assessment
focused and save time and money.
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3. ANALYSIS PHASE

During the Analysis phase (Figure 8), the working hypotheses
developed during the PF phase link exposure assessment to
ecological effects. This phase acknowledges that the abiotic and
biotic characteristics of the ecosystem of concern will impact
the ecological effects and the exposure profile. The various
steps in this phase lead to the development of a stressor-
response profile and an exposure profile. These profiles are
used as the basis for risk characterization.

The most effective tool available to the ecological risk assessor
is a site visit. During this visit the ecosystem is ualitatively
assessed to determine potential receptors present at the site,
determination of routes of exposure, and other stressors present
(e.g., dredging activity, prop wash, lack of riparian habitat on
the banks of a stream, etc.). Signs of direct effects may be
noted during the site visit such as stressed vegetation around a
seep.

On the basis of this site visit as well as existing data for the
site, the risk assessor has to determine what additional data are
necessary. Ecological risk assessment is commonly performed
using a "weight of evidence" approach. An excellent description
of this approach applied to a terrestrial ecosystem can be found
in Menzie et al.?. They utilized predictive modeling based on
measured surface water, sediment and soil concentrations of COCs,
laboratory toxicity tests, field toxicity tests, and other field
methods to assess potential ecological impacts.

It is important to realize that many potential hazardous waste
site assessments have been designed by engineers without
consultation with risk assessors. What often results is a large
amount of data, none of which is of value to the risk assessor.
For example, many metal water quality criteria are dependent upon
site-specific water hardness, but water hardness is often not
analyzed, or even thought of as important for analysis by the
workplan author. Another important data quality often overlooked
is the required detection limits necessary to perform risk
assessment. The CLP procedure does analyze for polycyclic
aromatic hydrocarbons (PAH), however CLP reporting limits are
much above concentrations at which one may expect potential
ecological impacts. Listed below are parameters commonly
overlooked and chemicals which alternative analytical methods
which provide lower detection limits may be appropriate:

* Parameters Commonly Overlooked
Hardness in surface water,

Total organic carbon in sediment and soil,
Lipid content in biological samples
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* Chemical Types Commonly Measured at High Reporting Limits

Polycyclic Aromatic Hydrocarbons (PAH) ,
Pesticides, PCBs, and some metals.

To correct this situation it is necessary to involve the risk
assessment personnel early in the workplan stage. Their role
should be to assure that all necessary parameters are being
measured at appropriate reporting limits. Alternative analytical
chemistry methods are available which allow reporting much lower
detection limits than those reported using CLP standards. The
risk assessment personnel should work with the analytical
laboratory to determine appropriate analytical methodology. 1In
addition, the sampling plan should be assessed to assure that
proper numbers and types of samples are being taken. Biota
samples will commonly be completely unsampled, and because the
waste engineers tend to focus on "hot spots", by definition a
biased sampling procedure, exposure will often be overestimated.

3.1 Exposure Characterization
3.1.1 Stressor Characterization

Characterization of exposure begins with determining what
stressors are present at the site. Ecological risk assessment is
complicated by the necessity of determining multiple stressors,
often including stressors such as habitat and human actions like
dredging a stream or water body .

This step determines the stressor's distribution over space and
time at the study area. The primary stressor is evaluated as
well as any secondary effects which have occurred due to impacts
from the initial stress to the system. Background or preliminary
information on the chemical-of-concern is important for the
stressor characterization because such information points towards
expected stressor-responses. For example, lipid-soluble
organochlorine pesticides bioaccumulate fairly readily in aquatic
ecosystems. Organic chemicals with low K, do not accumulate
readily and direct toxicity, rather than tissue uptake, is the
primary concern for exposure. '

Characterization of exposure begins with determining where the
contaminant is on the site, where, if and how the contaminant
moves from the site, and what physical/chemical characteristics
lead to its bioaccumulation, degradation, transport, etc. For
many chemicals, historical files provide information on
quantities produced, used, stored on-site, or sprayed
(pesticides, solvent cleaners). often, chemical characteristics
of the contaminant, including rates of degradation (via
photolysis, hydrolysis, microbial), adsorption, solubility in
water or lipid may be obtained from literature sources, on-line
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chemical databases (Table 3), Material Safety Data Sheets (for
industrial chemicals), and technical reports. An excellent
source for environmental degradation rate is Howard et al.?,
general fate and transport data can be found in the Lewis
Publishers (Chelsea, Michigan) series titled "Handbook of
Environmental Fate and Exposure Data for Organic Chemicals".

This series, ultimately to have seven volumes, presently consists
of Large Production and Priority Pollutants (Volume I), Solvents
(Volume II), Pesticides (Volume III), and Solvents 2 (Volume IV).
Data provided in these volumes include basic chemical and

- physical properties (boiling point, melting point, molecular
weight, water solubility, octanol-water partition coefficient,
vapor pressure, etc.) and a description of basic fate and
exposure potential including sources, important transport
processes, and reported concentrations in the environment. While
there are many computer databases available, the most current and
reliable database encountered so far for fate and transport data
is produced by the Syracuse Research Corporation, Merrill Lane,
Syracuse NY 13210. They maintain several databases including
BIOLOG (Biodegradation database) and CHEMFATE. CHEMFATE can be
used to search for many properties and characteristics ranging
from soil adsorption constants to photolysis degradation rates.
The above references refer to fate and transport of organic
chemicals. There are several excellent references available
regarding fate and transport of metals in the environment®?.

The information required for a Tier 1 exposure characterization
would be obtained via the documents described above. Ecological
assessments may be "effects-driven" or "stressor-driven." For
example, the abundance of a sediment benthic community is often
used as a measure of sediment "health". If the benthic community
is found to be deficient, it is commonly used as an "effects-
driven" assessment. Alternatively, known dump sites, with no
apparent ecological effects are an example of a "stressor-driven"
assessment. This implies that the initial focus may be on
understanding how the measured effects were induced ("effects-
driven") or on understanding the behavior of the chemical(s) of
concern ("stressor-driven"). 1In characterizing exposure, the RA
identifies measurement endpoints along each contaminant pathway
where data collection or computer simulations and models are
applied to evaluate contaminant fate and consequent ecological
impacts. Data collected for these measurement endpoints help
reduce uncertainty by validating or refuting whether predicted
contaminant movement is actually occurring. In characterizing
exposure, the RA identifies measurement endpoints along each
contaminant pathway where data collection or computer simulations
and models are applied to evaluate contaminant fate and
consequent ecological impacts. Data collected for these
measurement endpoints help reduce uncertainty by validating or
refuting whether predicted contaminant movement is actually
occurring.

35



The environmental fate and potential transport of contaminants is
crucial to effective risk assessment because the bioaccessibility
(whether organisms come in contact with toxicants) and
bioavailability (whether contact leads to uptake) are controlled
by these processes. For pest1c1des, degradation, volatization,
binding, leachlng, and aging determine ultimate exposure
concentrations®. Metals availability is controlled largely by pH
and oxidation-reduction relationships in environmental media®?.
The chemistry and distribution of the compounds of interest must
be thoroughly understood for effective risk analysis. It is
crucial for the risk assessment/risk management team to
understand that the bulk concentration of chemical compounds as
measured in typical laboratory extraction tests (such as those
provided with Contract Laboratory Program quality assurance
documentation under CERCLA) do not reflect the biologically
active concentrations. In practice, binding and uptake processes
depend on complex environmental processes which need to be
accounted for in projecting risks.

The environmental fate and transport of mercury in anoxic (oxygen
depleted) environments is shown in Figure 9. Mercury has been
identified as a chemical of concern in many areas of the country,
primarily due to its volatilization and transport within the
atmosphere. For example, within the everglades of Florida
mercury has been identified as a chemical of concern for many
fish, raccoons, and cougars preying on the raccoons. Obviously,
there are no point sources of mercury directly in the everglades,
pointing to long range transport from outside the boundaries of
the everglades. The fate and transport of mercury is complex,
and involves bacteria who can methylate the ion and form a highly
bioaccumulative methylmercury.

Similar fate and transport figures can be produced for other
metals and organic chemicals. Environmental factors will
influence chemical fate and transport dependent upon the type of
chemical of concern. For example, lipid-soluble (high octanol-
water partition coefficient, K,) organochlorine pesticides
bioaccumulate readily in aquatic ecosystems. Alternatively, low
w Chemicals do not readily bioaccumulate and direct toxicity,
rather than tissue uptake, is the primary route of exposure.

Models in Tier 1 analyses serve as "screening analysis" to
provide initial qualitative assessments of contaminant transport
into the environment. They are designed to (1) identify each
transport process controlling movement of various contaminants
within and among media, (2) estimate the direction and rate of
chemical movement from the site and, (3) identify areas to which
contaminants have been or may be transported. Fugacity
models®?, which calculate where a given chemical will tend to
accumulate in the environment, are an example of this level of
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detail. This level of modeling provides an initial organization
and direction for subsequent in-depth analyses of contaminant
transport. When a more in-depth analysis of environmental fate
is desired, the RA should seek advice on which modeling procedure
is most appropriate to the circumstances. In general, the more
sophisticated models are data-, time- or resource-intensive.
Table 4 is a ranking of relatively simple to complex models?®,.
Criteria to consider when selecting in-depth environmental fate
models are:

(1) capability of the model to account for important
transport, transformation and transfer mechanisms;

(2) the fit of the model to site-specific and substance-
specific parameters;

(3) data requirements of the model, in relation to the
availability and reliability of site-specific data; and

(4) the form and content of the model output. That is, does
the model output address relevant questions and provide data
required for use as input to further analyses.

At the end of a Tier 1 study for the exposure characterization,
the RA should have:

1) identified the major COCs,

2) listed physical and chemical parameters of the COCs,

3) collected environmental fate information from the

literature,

4) compiled site-specific sampling data on COCs,

5) identified contaminants that may bioaccumulate,

6) identified data gaps.

As the exposure characterization progresses to tiers 2 and 3,
contaminant pathways examined in Tier 1 of exposure
characterization will continue to be evaluated through such
options as data collection of previously unsampled measurements
endpoints identified in the Tier 1 PF phase or a more intensive
sampling over the same habitats to more closely characterize
contaminant distribution. In Tiers 2 and 3 more intensive
chemistry sampling may allow sampling of degradation products
spread in a more diffuse manner throughout the site. Further
data collection reduces the uncertainty of environmental fate and
distribution estimates.

Monitoring data are useful for analyzing contaminant transport
and fate. However, monitoring data may not allow discrimination
of the contributions of contaminant loadings from point versus
non-point sources. A combination of monitoring data with
modeling techniques is necessary in Tiers 2 and 3 to conduct
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Table 4.

| Level Features

Progressive Levels of Aquatic Chemical Models

Data Needs

Answers q

0

Dilution model, yiclds initial complete mix
concentration

Efflucat design flow, critical low flow
in receiving water or allowable mixing
radius/zone, upstream chemical
concentration, cffluent load or ambient
standard-model solves for missing
parameter *

‘Worst casc ambient conceatration in the

water colunm following mixing; additional
calculations using K, yields information on
or dissolved) II

Steady-state model, simple one-dimensional
(1-D) scgmentation, first order loss from the
water column

River physiography, chemical
concentration versus river mile and/or
knowledge of first-order loss rates

More realistic estimate of concentration as a
function of distance from the efflucat, rough
estimate of the chemical retained in the
system

Steady-state model, 1-D secgmentation,
partitioning to solids, net settling links water
to scdiment

Solids loads, solids versus river mile,
lids ct istics, and partitioni
coefficient

Chemical distribution in particulate and
dissolved phases in the water column

Steady-state model, 1-D scgmentation,
partitioning, full solids dynamics

Literature and site-specific analysis of
resuspeasion and gross settling rates

Provides chemical levels in the sediment and
the water compartments

Steady-state model, 1-D scgmentation,
itioning, ion of abiotic and bioti
solids

Information on water column abiotic-
biotic solids origin and transport rates

More accuracy, better differentiation of
biotic componeat

2a Time-variable model, 1-D segmentation, Time variable loads and environmental Response as a function of time and distance ||
partitioning, full solids dynamics conditions, better vertical solids from the source(s)
transport rates
2 Steady-state model, 2-D segmentation, Hydraulic transport or routing, more Spatially distributed (2-D) results, better
partitioning, full solids dynamics spatially distributed ficld data representation of certain systems, a broader
range of questions addressable to correspond
to locations of specific interest
2c Time-variable model, 2-D scgmentation, Typically more highly resolved data Temporal and spatially related questions
partitioning, full solids dynamics (time and space)
3 More hydraulic (3-D), sorbent, chemical, or Additional problem-specific site data More complex questions of source, chemical
biological complexity and potentially supporting research interaction, fate, transport, or effects
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analyses of contaminant fate in sites for which Tier 1 results do

not allow a sufficiently accurate determination of exposure and
risk.

3.1.2 Ecosysten Characterization

In ecosystem characterization the abiotic and biotic parameters
of the system of concern are evaluated. Their impact on the
distribution and bioavailability of the stressors of concern are
critical parts of the exposure assessment. Migration and
resource use by biota and behavioral effects of the stressors on
organisms are also considered.

To fully characterize exposure and develop an exposure profile
for the site, the RA must recognize the ecosystem components and
functions described as important in the conceptual model
formulation.

Included in the ecosystem characterization are physical
characteristics of the ecosystem, including topography, geology,
and hydrology, climatic patterns of the area such as
precipitation, insolation, temperature, humidity, and the flora
and fauna of the sites. Understanding these components and their
interrelationships, in conjunction with data on the

contaminant distribution, allows the RA to evaluate whether the
contaminants are confined to specific areas and remain in situ,
or whether the contaminants have the potential to move through
various ecosystem components.

Barnthouse et al.” presented modeling approaches to link water
quality to reductions in "dose" under various scenarios of
ecosystem productivity. One example of a modeling approach that
illustrates how ecosystem trophic status modifies the
bioavailability of toxicants and decreases the subsequent dose to
biota was performed by McCarthy and Bartell®. Their model
predicts the association of a contaminant with dissolved organic
material (DOM) or particulate organic material (POM)
significantly lessens the pbiocavailability of a toxicant and,
thus, the potential dose experienced by the organisms.
Importantly, this paper shows the necessity of estimating the
true bioavailability of a contaminant in the environment.

Seasonal or habitat variances in bioavailability can be modeled
(e.g., mapped onto expected environmental chemical concentrations
for species of known life history, feeding, and habitat
requirements) and are a cost-effective approach to the hazard
characterization of complex chemicals. For a given
concentration, species may be subject to exposure for a
relatively longer period of their life-span if they are smaller
or less likely to move beyond the boundaries of the contaminated
area (examples are earthworms, burrowing invertebrates, or small
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mammals) . Further, if a chemical is susceptible to being bound
by organics, burrowing (or thigmotactic) benthic invertebrates
(or benthos-feeding fish) may be subjected to higher exposures
than would otherwise be predicted. Volume 2 includes certain
models available for evaluating transport, transformation and
fate of contaminants in the environment (e.g., EXAMSII, LPMM).

In addition, several models estimate biotic exposure or uptake of
contaminants (e.g., FGETS).

If available data indicate little potential for movement, the
assessment may move in the direction of evaluating the potential
for uptake by flora and fauna in the immediate vicinity of
contamination. Questions might focus on whether the material is
being bound within the soil by specific soil constituents or
within specific soil horizons, or taken up by plants or burrowing
invertebrates. These initial lines of inquiry may lead to
further questions about the potential for effects on plant
distribution and floral composition. Questions stemming from the
hypotheses formulated in the PF phase may include: Are soil
microorganisms affected to the extent that soils become infertile
or soil-plant interactions disrupted? Are processes of nutrient
cycling disrupted? Answers may lead to other lines of inquiry,
such as the potential for movement of contaminants into animal
matrices.

3.1.3 Exposure Analysis

Once stressor characteristics and the ecosystem potentially at
risk have been identified, potential pathways for contaminant(s)
through the ecosystem must be identified. The spacial and
temporal distribution of the stressors and the ecological
characteristics of the system of concern are combined to evaluate
exposure. The concentrations of the stressor are combined with
assumptions about contact or uptake by biota to determine co-
occurrence with measurement endpoints. However, concentration of
a contaminant does not equate to exposure. Bioavailability and
the environmental fate of the chemical must also be considered.
The environmental fate and potential transport of contaminants is
crucial to effective risk assessment, because the
bioaccessibility (whether organisms come in contact with
toxicants) and bioavailability (whether contact leads to uptake)
‘are controlled by these processes. For pesticides, degradation,
volatization, binding, leaching, and aging determine ultimate
exposure concentrations®. Metals availability is controlled
largely by pH and oxidation-reduction relationships in
environmental media®*. The chemistry and distribution of the
compounds of interest must be thoroughly understood for effective
risk analysis. It is crucial for the risk assessment/risk
management team to understand that the bulk concentration of
chemical compounds as measured in typical laboratory extraction
tests (such as those provided with Contract Laboratory Program
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quality assurance documentation under CERCLA) do not reflect the
biologically active concentrations. In practice, binding and
uptake processes depend on complex environmental processes which
need to be accounted for in projecting risks.

The environmental fate of a contaminant will generate pathways
that may be simple and straightforward or complex and highly
branched. Pathways are generally defined by naturally occurring
physical, chemical, and biological components of the ecosystem.
As an example, consider the evapotranspiration potential,
precipitation, soil type, slope, local vegetation, and ground
squirrels (Citellus sp.) foraging on the vegetation in a given
ecosystem. In this example, the movement of an organic
contaminant might be a function of the seasonal food source
sought by the rodent species. In other seasons, the ground
squirrels are absent or dormant; hence, they would not be subject
to exposure by the same pathway.

The origin of each contaminant pathway is typically from soil or
water, at the site of contamination and the end of each pathway
is a component of the ecosystem where adverse effects may occur
(such as threatened or endangered species, a resident small
mammal population, or fish species in a downstream lake or
reservoir). Several assessment endpoints may exist at the end of
a contaminant pathway because pathways will seldom be
unidirectional or linear. Chemical pathways generally branch and
proceed in multiple directions; for example, a contaminant may
have the potential for moving from a contaminated site into an
aquatic system, with no potential impacts (branches) en route to
a pond. However, once the contaminant enters the pond, potential
contaminant pathways may include uptake of the contaminant by
aquatic vegetation, by aquatic organisms (e.g., mollusks,
gastropods, aquatic insects), uptake by fish, or amphibians, or
transport back to the terrestrial environment via birds or
mammals that feed on aquatic organisms.

The number of contaminant pathways are determined by the
characteristics of the contaminant and the complexity of the
ecosystem. Contaminant pathways must by identified on each Army
Superfund site; however, similarities in pathways will likely
exist among many sites resulting from similar ecosystems.
Greater definition (closer focus) of specific contaminant
pathways will be a function of Tier 2 and Tier 3 chemical
analyses. Ultimately, however, if a pathway is incomplete or
does not exist at a particular site, no cause and effect
relationship exists and there is no associated risk.

Several models are currently used to assess the fate and
distribution of toxic chemicals in ecosystems and link
distribution to exposure and effects assessment. Many of these
are discussed in detail in Volume 2 of this document. Most
exposure models tend to be conservative because they are based on

42



an assumption of equilibrium, and thus overestimate exposure.
Thus model validation is very important when using any predictive
model. For example, if one is modeling bioconcentration of
chemicals into fish at a site, the results can be compared to
measured concentrations of chemicals in fish at the site to
validate the model. ' The text that follows is meant as an
introduction of modeling efforts which have been successfully
used to assess chemical fate, transport and exposure.

Estimation of contaminant bioaccumulation (the net accumulation
of a chemical by an organism as a result of uptake from all
routes of exposure) at the site through the food web is very
important to address because, in many cases, it provides a link
to human health risk assessment. For example, the octanol-water
partition coefficient (K,) may be known or estimated for organic
chemicals. Typically, log K, values less than 4.3% to 5.0 do
not biomagnify in fish. Garten and Trabalka® reviewed
terrestrial food-chain data and concluded that only organic
chemicals with K, values greater than 3.5 significantly
bioaccumulate in mammals or birds. Models such as FGETS (Food
and Gill Exchange of Toxic Substances) and SARAH (Surface Water
Back Calculation Procedure) can be used to predict
bicaccumulation potential (see Volume 2).

An example of the use of fate, transport, and exposure models
were used to predict risks to humans can be found in a Newark Bay
study*. Dredged material from Newark Bay containing dioxin was
proposed for disposal at a disposal site in the New York Bight.
Models were used to predict human exposure via ingestion of fish
by humans (Figure 10). Accumulation factors (AF) found in Pruell
et al.® were used to directly model transfer of dioxin from
sediment to benthic organisms associated with that sediment. 1In
order to estimate the exposure of dioxin associated with the
dredged material to other aquatic organisms, it was initially
partitioned to sediment interstitial water. An equilibrium
fugacity model developed by Mackay®? was then used to predict
sediment overlying concentrations of 2,3,7,8-TCDD (Dioxin).
Thomanny;; developed a simple aquatic food chain model using
contaminant body burdens of organisms in various trophic levels,
thus quantifying bioaccumulation. This same model was expanded
to include interaction of aquatic biota with sediment chemicals
in Thomann et al.®. These models were used to predict
concentrations of dioxin in lobster, flounder, and bluefish in a
food web. Ultimately the risk to humans ingesting these fish was
calculated.

Fordham and Reagan® developed a food web model to evaluate
potential exposure pathways for a site (Figure 11). Data
collection can be complex and many assumptions on exposure and
uptake are made. The model estimates acceptable concentrations
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in abiotic media for each exposure pathway. Further, it develops
a site-specific food web by entering data from on-site sampling
as well as literature sources. Finally, the model addresses
bioaccumulation in multiple food chains that terminate in a high
trophic level species (e.g., bald eagle). Uncertainty and data
gaps need to be stated when using this method. Data from this
type of study can be utilized in ecological risk assessments when
evaluating risk to populations of biota exposed to site-related
contaminants via different pathways.

3.1.4 Exposure Profile

The exposure profile presents the concentration of the stressor
and its distribution over the area of study. Exposure over time
can also be addressed so that the units match those presented in
the stressor-response profile. The exposure profile evaluates
pathways and determines exposure or dose to measurement
endpoints. The extent to which ecosystem properties are analyzed
depends upon the nature of the stressors and ecosystem
components, bioavailability, and the resources available.
Analyses should concentrate on those ecosystem components that
are determined to be at greatest risk. Knowing the stressor
characteristics can help to narrow the focus of the investigation
on the components of the ecosystem that are potentially most
susceptible.

The exposure profile for chemical stressors usually involves
consideration of sources (e.g., explosives burning ground),
environmental transport (e.g., rate of movement through soil
column), partitioning of the chemical among various environmental
media (e.g., soil particles vs. organic matter),
chemical/biological transformation or speciation processes (e.g.,
photolysis, biodegradation), and identification of potential
routes of exposure (e.g., ingestion, plant root absorption,
etc.). Exposure profiles for non-chemical stressors such as soil
compaction, or habitat alteration describe the ecological
components exposed and the general temporal and spatial patterns
of their co-occurrence with the stressor. Shaw and Diersing®
described the extent and distributional pattern of compacted and
disturbed soil in a field used for military training with tracked
vehicles, the soil microflora, vegetation and wildlife occupying
or using this training field. They compared the size and
distribution of these populations with those in adjacent
undisturbed fields.

Statistical techniques commonly used in the exposure profile are
geostatistical techniques (kriging) to determine loci of
contaminant residues in soil or water and multivariate techniques
(cluster analyses, canonical correlation, principal components).
Perland®” presented an effective integration of chemical fate and
transport information into an exposure profile of an ecological
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risk assessment. 1In this case, groundwater was contaminated with
benzene and barium in the vicinity of valuable wetlands habitat.
Surface water exposure concentrations were projected based on
measured groundwater data and information regarding local
precipitation, soil chemistry, contaminant blndlng, PH, Eh, and
volatization and dilution. It was concluded in the risk
characterization that potential ecological risks were not
associated with groundwater contamination and site remediation
proceeded as dictated by non-ecological issues.

3.2 Characterization of Ecological Effects
3.2.1 General Overview

The determination of ecological effects at a site is a critical
component of the ERA because data generated in this section may
drive the decision making for the rest of the assessment.
Assessment endpoints guide what data or measurement endpoints are
required to assess impacts. To quantify ecological effects, data
can range from sublethal or behavioral effects, to lethal
effects, to population shifts, to community changes, habitat
loss, ecosystem structural and/or functional changes, to
biomagnification of chemicals through a food web (Volume 2).
Subcellular biomarkers may be useful for 1dent1fy1ng subtle
effects. Data on threatened or endangered species offer special
consideration because individuals, as well as populations, must
be protected“ Evaluating ecological effects at a particular
site is made more difficult because site-specific toxicity data
or specific data on a species of concern are often lacking.
Ecological surveys and Geographical Information Systems (GIS) are
used to support a qualitative determination of ecological health,
diversity, and habitat distribution and they can help to fill
such data gaps.

Potential cause and effect relationships between a contaminant
and the ecologlcal measurement endpoint must be established.
Hill's criteria® provide a listing of the primary questions that
should be addressed (Table 5). The major criteria such as
strength (a high magnitude of effect associated with exposure to
- the stressor), consistency (the association is repeatedly
observed under different circumstances) and specificity (the
effect is diagnostic of a stressor) need to be recognized and
considered. We caution against establishing a cause - effect
relatlonshlp based on simple observations (1 e., the contaminant
is present in a forest soil and the forest is in decline,
therefore the decline is caused by the contaminant). Many
factors such as drought, insect infestation, disease, nutrient
stress, management practices, etc. may be contributing to the
decline.
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Table 5. Hill's Criteria for evaluating causal associations®.

1. strength: A high magnitude of effect is associated with
exposure to the stressor.

2. consistency: The association is repeatedly observed under
different circumstances.

3. Specificity: The effect is diagnostic of the stressor.

4. Temporality: The stressor precedes the effect in time.

5. Presence of biological gradient: A positive correlation
between the stressor and the response.

6. A plausible mechanism of action.

7. Coherence: The hypothesis does not conflict with knowledge of
natural history and biology.

8. Experimental evidence.

9. Analogy: Similar stressors cause similar responses.

note: Not all of these criteria must be satisfied, but each
incrementally reinforces the argument for causality. Negative
evidence does not rule out a causal association but may indicate
incomplete knowledge of the relationship.
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At most DoD hazardous waste sites, the initial environmental
effects may have occurred years ago. Cause and effect evidence
of contaminant toxicity may be difficult to determine because of
adaptation of the community or system. Therefore, it is
important to determine as much of the natural history and biology
of the site as possible and to determine whether a continuing
exposure pathway exists and whether it poses a threat to the
currently-existing ecosystem. The ecological system in which the
contaminants or stressors are present influence the impact they
have on the biota. For instance, it is well-documented that
physical and chemical changes in aquatic systems affect the
toxicity and distribution of chemicals. An example is the
inverse correlation between toxicity of heavy metals and
increasing water hardness* and pH®. Terrestrial systems can act
in a similar fashion with various soil parameters such as CEC or
organic matter content, enhancing the ability of a soil to adsorb
chemicals“.

Thus physical, chemical, and biological components of the
ecosystem need to be considered for their impact on the
bioavailability and exposure of the contaminants at the site.
Furthermore, if the contamination or stress occurred years ago,
the ecosystem may have had time to recover to another state. The
adapted state of the system needs to be evaluated to judge
habitat change, and to determine whether the changes have reduced
the "value" or productivity of the site. System resilience is
also important in assessing the impact of the contaminant on the
biota. Resilience, defined as the capacity of the system to
return to a "pre-disturbed" state, has to be defined in terms of
the important effects endpoints. For example, it may be the time
it takes for a bird or small mammal population to re-establish
itself (years to decades) or a soil invertebrate fauna to re-
establish (months to years). Resilience is most often measured
in lower trophic level animals or plants, simply because of the
ability of the assessor to measure their ability to recover.

Selecting appropriate reference sites is difficult but very
important to accurately evaluate the ecological effects in a risk
assessment. The reference habitat should be similar in all
aspects but for the contamination. For example, a terrestrial
location with contaminated soil should have as a reference site
one that has a similar soil type with similar vegetation and
wildlife habitat. It may be useful to study soil survey maps
obtained from the Soil Conservation Service, consult with the
National Wildlife Federation about wildlife habitats, seek
categories of "reference watershed" from the EPA EMAP program, or
to link gradients of chemical contamination to observed effects
or measured body burdens. Lacking such data, information from
regional or state parks, undisturbed areas on the site (and known
to not have been subject to previous contamination) may serve for
use under Tier 1.
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Various data on cause and effect of the contaminant(s) at the
site then need to be formatted into a contaminant/response
profile. Each measurement endpoint should, in theory, have its
own profile. The profile may include NOEL's and LOEL's, LCs's,
LDsy's, ECgq's or other quantitative measures, as well as the
percentile of the population community or system affected versus
exposure dose. In practice, these data can be hard to find and
difficult to generate.

An example method of profiling toxicity and exposure assessment
is provided by Toxicity Reference Values (TRV) (Figure 12). The
TRV method uses available toxicity data on a specific COC to
generate an estimated No Observed Adverse Effects Level (NOAEL)
for a species of concern at the site with safety factors or
uncertainty values included in the process. Laboratory-generated
TRVs for a given time period (i.e., the lowest observed effect
concentration, LOEC, for a 10-day exposure) may be linked to a
specific exposure duration for the population in the field.
Although there are sets of limiting assumptions required for the
use of TRVs, they can provide an estimate of expected toxicity
for given exposure periods.

Multi-contaminated sites offer unique problems. Often, many
receptors are exposed to multiple stressors simultaneously.
Ecological risk is much more difficult to discern at these sites.
Individual as well as synergistic effects of the stressors must
be estimated to accurately determine risk. Chemical mixtures
influence toxicity in two ways. First, chemical mixtures can
cause a toxic effect that is qualit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>