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Introduction

Many environmental regulations include consideration of consequences to ecosystems as part of
their decision-making process. For example, the Resource Conservation and Recovery Act
(RCRA) requires that the end result of any corrective action be protective of human health and
the environment. Therefore, an ecological risk assessment is part of any RCRA corrective action
investigation and can be used in other environmental regulatory programs as welL Consequently,
a guidance document is needed to provide a tool to thoroughly assess the threat posed to the
environment from chemical contaminant exposures.

Ecological risk assessment is a process that evaluates the likelihood that adverse ecological
effects may occur or are occurring as a result of exposure to one or more stressors" (US EPA
1998b). A screening level ecological risk assessment is a simplified risk assessment that can be
conducted with limited site-specific data by defining assumptions for parameters that lack site-
specific data (US EPA, 1997a). To ensure that sites that may pose an ecological risk are properly
identified, the US EPA recommends that values used for screening should be consistently biased
in the direction of overestimating risk. Without this bias, a screening evaluation could not
provide a defensible conclusion for an absence of ecological risk.

The screening evaluation method described in this document uses food chain exposure models to
develop screening levels. These levels are based on the media concentration for plants and
invertebrates and on the dose ingested for other receptors. Default values for the factors used in
the exposure equations are available in the appendices to this guidance and in US EPA's Wildlife
Exposure Factors Handbook (US EPA, 1993g) for many contaminants and ecological receptors.
When site-specific information is available, site-specific values can be substituted for these
default values and conservative assumptions to yield less conservative, more accurate
evaluations.

The Hazardous and Radioactive Materials Bureau (HRMB) of the New Mexico Environment
Department (NMED) has produced this screening level ecological risk assessment guidance for
chemicals to promote consistency, efficiency, and scientific rigor in risk assessments reviewed or
conducted by HRMB and other NMED bureaus. The development of a detailed guidance for
assessing ecological risks will also fill an information gap because there is little direction in this
area. Ultimately, this guidance document will assist both the regulated communities and
regulators by providing consistent direction.

The HRMBecological risk assessment process consists of two distinct levels:

Revision 1.0
3/24/2000
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~ Level I
Leveln

Screening-Level Ecological Risk Assessment
Site-Specific Ecological Risk Assessment~

This document presents the approach for the Level I Screening-LevelEcological Risk
Assessment (referred to as the ecoscreen). The ecoscreen identifies sites which clearly do not
present risks to ecological receptors so that resources for site-specificinvestigations can be
targeted to sites with higher potential risk. A site-specificrisk assessmentwould include
considerable additional field work such as biota tissue sampling. A site-specific ecological risk
assessment may also address population level effects instead of effectsjust on individuals. The
ecoscreen consists of two phases:

~

Scoping Assessment
Screening Assessment

~

The ecoscreen incorporates a number of TechnicalDecision Points (TDPs). Based on the
information developed and presented within a given segmentof the assessment, these TDPs
determine one of three recommendations:

~ No further ecological investigation at the site, or
Continue the risk assessmentprocess, and/or
Undertake a removal or remedial action

~

~

The first or third recommendation can be made eitherbecause the residual contamination at the

site does not pose excessive risk to ecologicalreceptors, or because the available information
indicates that further investigation will not affect the management decisions regarding the site.
The recommendation to continue the risk assessmentprocess indicates the need for additional
information and data collection from scientific literature and/orthrough additional investigation
and sampling of environmental media at the site.

Objective and Purpose

This guidance adopts standard screening-levelecological risk assessment (the ecoscreen)
methods excerpted from US EPA (1997a, 1999a, 1999b) and other EPA guidance documents.
The purpose of issuing this guidance is to provide a tool for conductingconsistent ecological
screenings by RCRA hazardous waste permitted facilities and corrective action/remediation
projects under Hazardous and Solid Waste Amendments (HSWA).

This guidance presents a detailed method for completingthese assessments. The ecoscreen

Revision 1.0
3/24/2000
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addresses current and potential future risks to ecologicalreceptors and their habitats residing
within the site itself, areas adjacent to the site, and in the locality of the site. The guidance also
provides direction for the use ofEP A guidance documents. This guidance is advisory only and
not intended to present the only acceptable approach for completion of an ecological risk
assessment. Some of the potential benefits of conducting the ecoscreen are:

~ Determining the need for interim action
Screening sites to determine the need for
further evaluation

Prioritizing multiple sites
Focusing future site-specific risk assessment efforts

~

~

~

~

The role of the ecoscreen in overall site characterizationis shown in the flowchart in

Figure 1. Figure 2 outlines the individual steps within the ecoscreen and how the ecoscreen can
be incorporated into the RCRA Facility Investigation (RFI)process. The ecoscreen can also be
appropriate for other portions of the RCRA investigationof a site. The ecoscreen can be
completed subsequent to an interim measure or presumptive remedy to see if the measure or
remedy may be suitable for final remediation. An ecoscreencan also be done as part of a
Corrective Measures Study (CMS) to determine if the proposed altematives considered under the
CMS meet the required standard of protecting the environment.

Prerequisites

Site characterization must be sufficient to define the nature and extent of contamination in order

to assess the impact on ecological receptors. To conduct a risk assessment the type, quantity, and
distribution of contaminants must be identified along with migration pathways that could
potentially allow receptors to be exposed to the contaminants. Characterization of contaminant
migration potential should include migration within the site and beyond the site boundary.
Because site and contaminant characteristics strongly influence the number and type of samples
required, some of the documents listed in Appendix A should be consulted for guidance on
sampling and site characterization.However, for all media, more than a single sample should be
taken to determine the environmental concentrationsto which receptors are being exposed.

Revision 1.0
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Figure 2. Ecological Screening-Level Risk Assessment
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Phase I: Scoping Assessment

1.0 Scope and Intent

Scoping is a conservative, qualitative determination of whether there is any reason to believe that
ecological receptors and/or complete exposure pathways may exist at or in the locality of the site
where a release of hazardous waste/constituents has occurred. Scoping is intended to identify
sites that are obviously devoid of ecological habitats (e.g., buildings, paved parking lots) and/or
where exposure pathways are obviously incomplete (e.g., contaminantswithout the potential for
subsurface transport to or direct access by receptors), so that they can be removed from the
quantitative screening. Completion of a scoping assessment relies heavily on the professional
judgment of the investigator to qualitatively evaluate the potential threat to biotal posed by site-
related contaminants.

The scoping assessment uses a habitat approach as the basis for identifyingthe potentially
complete exposure pathways between the areas of contamination and specific species or habitats
which occupy, or potentially could occupy, the site. A preliminary site conceptual exposure
model (PSCEM) providing a list of the potentially exposed receptors and potentially complete
exposure pathways in the scoping report is used to determinewhether further assessment (i.e.,
Phase IT:Screening Assessment) and/or interim measures2are required or whether the site poses
minimal threat to ecological receptors at or near the site. Based on informationpresented in the
scoping assessment HRMB will determine whether quantitative screening assessment or interim
measures may be required for the site.

1.1 Compile and Assess Basic Site Information

The basic information on the physical and biological aspects of the site should be obtained. Most
of this information will have already been obtained as part of the initial investigation or during
the RFI process. This site information includes, but is not limited to, documentation of the
following:

I The term "biota" refers to non-domesticated terrestrial and aquatic plants and animals, however, it may include
domesticated species, such as livestock. Iflivestock grazing and/or watering occurs at or in the locality of the site the potential
risks to these livestock and people consuming the livestock and/or their products must be evaluated under a human health site-
specific risk assessment. Note, however, that one can evaluate risk to a herbivore mammal to make inferences about the
potential risk to livestock.

2 Interim measures are the actions identified and implemented to control or abate threats to the environment trom
releases and/or to prevent or minimize the further migration of contaminantswhile long-termremedies are pursued.
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1.2

~ Surface area and physiographic setting of the site;
Current and historical uses of the site and nearbyproperties;
Current and reasonably likely future land and/orwater use(s);
Sensitive environments3at, adjacent to, or in the locality of the site;
Known or suspected presence of threatened, endangered,candidate, proposed,
species of concern and/or sensitive speciesor their habitats in the locality of the
site4

Accurate site and regional maps showingbuildings, roads, pavements, on- and
off-site land uses, sampling locations,wetlands, surfacewater bodies, sensitive
environments, etc.;
Types of hazardous substances reportedly releasedat the site;
Magnitude, rate, and extent of migration of any hazardous substances reportedly
released at the site.

~

~

~

~

~

~

~

Site Visit

This is an extremely important aspect of the scopingphase. A site visit should be conducted to
directly assess ecological features and conditions, and verify that the expected ecological features
actually still exists at the site and verify the current land use. This is also an excellent
opportunity to record dominant plant and animal species at the site.

Site visits should be conducted at times of the year when ecologicalfeatures are most apparent,
i.e., spring, summer, early fall. Visits during one season (e.g., the winter time) might not provide
evidence of the presence or absence of receptors and potential exposurepathways. The
following areas should be visited:

~ the site itself,
areas adjacent to the site, and~

3Sensitive environments or habitats are defmed as federally- or state-designated areas that require
protection or special consideration; Table I lists several types of sensitive environments.

~s information should be documented by response letters from the New Mexico Department of Game
and Fish (NMGF), tribal environmental agencies, the u.s. Fish and Wildlife Service (USFWS), the U.S. Forest
Service (USFS), the New Mexico Forestry Division (NMFD) of the Energy, Minerals and Natural Resources
Department, or the U.S. Bureau of Land Management (USBLM).
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Table 1. SENSITIVE ENVIRONMENTS FOUND IN NEW MEXICO

National Parks and National Monuments

Designated or Administratively Proposed Federal Wilderness Areas

National Preserves

National or State Wildlife Refuges

Federalland designated for protection of natural ecosystems

State land designated for wildlife or game management

State designated Natural Areas

All areas that provide or could potentially provide habitat for state and federally listed threatened or endangered
species, those species that are currently petitioned for listing, and species designated by other agencies as sensitive
or species of concern.

All areas that provide or could potentially provide habitat for state protected species as defmed in the Wildlife
Code, Chapter 17 of the New Mexico Statutes

All areas that provide or could potentially provide habitat for migratory birds as protected by the Migratory Bird
Treaty Act (16 V.S.C. §§ 703 - 712)

All areas that provide or could potentially provide habitat for bald eagles and golden eagles as protected by the Bald
and Golden Eagle Protection Act (16 V.S.C. §§ 668 - 668d.)

All areas that provide or could potentially provide habitat for song birds as protected by the state of New Mexico
statute (New Mexico Statute, 1978, Chapter 17, Game and Fish, 17-2-13.)

All areas that provide or could potentially provide habitat for hawks, vultures and owls as protected by the state of
New Mexico statute (New Mexico Statute, 1978, Chapter 17, Game and Fish, 17-2-14.)

All areas that provide or could potentially provide habitat for homed toads and bullfrogs as protected by the state of
New Mexico statute (New Mexico Statute ,1978, Chapter 17, Game and Fish, 17-2-15 and 16 resp.)

All perennial waters (e.g., rivers, lakes, playas, wetlands, sloughs, ponds, etc).

All ephemeral drainages that provide significant wildlife habitat or that could potentially transport contaminants off
site to areas that provide wildlife habitat (this will probably include all ephemeral drainages).

All riparian habitats.

All perennial and ephemeralwetlands (not limited to jurisdictional wetlands).

All areas that are potentially important breeding, staging, and overwintering habitats as well as other habitats
important for the survival of animals during critical periods of their life cycle.
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~ areas in the locality5of the site.

Photos taken during the site visit can be extremelyvaluable additions to the risk assessment
report, particularly for documentingthe nature, quality, and distribution of vegetation, other
ecological features, and potential exposurepathways. The site visit can also be used to verify
surface water flow patterns, which may be difficult to determinefrom other sources and may
change with time.

The following activities should be performed duringthe site visit:

~

search for signs (e.g., visual, olfactory~etc.) of a chemical release,
note the site topography and search for any signs of surface water runoff/run-on,
other drainage patterns, and potential migrationpathways of chemicals within the
site or offsite,
note plant and animal specieswithin, adjacent to, and in the locality ofthe site,
assign habitat type and note possibilityof presence of threatened and endangered
speCIes
search for any signs (seeps, springs, cut banks, etc.) of groundwater discharge to
the surface,
note any natural or anthropogenicsite disturbance.

~

~

~

~

~

Ecological scoping checklists presented in AppendixA of this document and in the appendices of
Ecological Risk Assessment Guidancefor Superyund:Processfor Designing and Conducting
Ecological Risk Assessment (US EPA, 1997a) can be adoptedfor collecting this information.

1.3 Identify Preliminary Contaminantsof Potential Ecological Concern

Either site-specific historical information or the results of chemical analyses of suspected source
media can be used to develop the preliminary list of contaminants of potential ecological concern
(COPECs). For scoping, the site-specifichistory of hazardous substance uses and releases is
typically the source of potential contaminantinformation. Potential contaminants for ecological
risk assessment are developed separately from potential contaminants for human health because

5Locality of the site refers here to any area where an ecological receptor is likely to contact site-related
chemicals. The locality of the site considers the likelihood of contaminationmigrating over time and places the site
in the context of its general surrounding. Therefore, locality is typically larger than the site and the areas adjacent to
the site.
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contaminants present at concentrations which are not generally considered a threat to human
health may cause a threat to individual species or biological communities. The list should
generally include all chemicals known or suspectedof being released at the site based on
information about prior activities and operations.

Although the focus of the screening-level ecological risk assessment is on hazardous substances
alone, the assessment should also consider other stressors, such as mechanical disturbances or
extreme climatic conditions, that might potentially add to the severity of adverse effects from
contamination. The results ofthis evaluation should be summarized, preferably in a chart, to
simplify the tracking of contaminants through the various levels of the risk assessment.

1.4 Develop a Preliminary Conceptual Site Exposure Model

This involves constructing a conceptual model of the receptors expected to be present at the site
and using information about the life history of those potential receptors to determine if complete
pathways exist for exposure of these receptors to contamination at the site (e.g., between
contaminated surface water, fish, and an eagle). Complete exposure pathways are those having
all the following attributes:

~ a source and mechanism for hazardous waste/constituent release to the
environment,
an environmental transport medium for the hazardous waste/constituent,
a point of receptor contact (i.e., exposurepoint) with the contaminated media or
through the food web, and
an exposureroute to the receptor.

~

~

~

One should start by considering all possible exposure pathways for each type of receptor (e.g.,
local invertebrate population), then eliminating those receptor-pathway interactions that do not
actually occur or are not expected to occur at the site. Evidence should be presented
demonstrating why a particular pathway was eliminated. For example, terrestrial mammals have
the potential to be exposed to environmental contaminants through inhalation of airborne
contaminants, ingestion of soil, ingestion of water, ingestion of contaminated food, and dermal
exposure to soil or water. If the contaminated site and areas in its locality completely lack any
surface water, the pathways for ingestion of water and dermal exposure to water would be
eliminated. The pathways for soil ingestion and dermal exposure to soil may not exist in areas
that are completely paved now and will remain completely paved in the future (provided there is
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no access for burrowing animals6). In order to remove a site ITomfurther considerationbased on
a lack of receptors, it is necessary to demonstrate that the contamination is inaccessible to
wildlife (for example, buried below the ecologically relevant depth offive feet?)and that this
inaccessibilitywill be maintained in the future. The absence of contaminant transport to surface
water (via surface runoff, erosion or groundwater)should also be demonstrated. This also
requires some assurance that adequate records will be maintained on the contamination at the site
in order to help prevent possible future exposures.

Once all the potential exposurepathways have been identified, the probable complete exposure
pathways at the site should be constructed in a figure similar to the example in Figure 3.

This scopingphase of the ecoscreen presents one method for separating those sites for which an
ecological screening risk assessment may not be required. It also serves as the initial information
gatheringphase even for sites clearly in need of a more detailed assessment of potential risk.

1.5 Scoping Assessment Report

The information presented in Sections 1.1 through 1.4 may be submitted in a brief scoping
assessment report. This report should summarize the site information and evaluation of receptors
and pathways to support the decision made in the first Technical Decision Point in the following
section.

6Burrowinganimal means a ground-dwelling animal that uses a holelburrow or tunnel in the ground for
nesting, habitation, and refuge. Examples of burrowing animals include burrowing owl and small animals such as
badger, prairie dog, gopher, vole, fox, ants, beetles, etc.

7Ecologically relevant depth means the depth below ground surface (bgs) that can reasonably be accessed
by wildlife (e.g., burrowing animals) or root system of plant species inhabiting the site. Although trees and shrubs
root commonly up to about 460 cm (15 feet), with possible exception of one-seed juniper (Juniperus monosperma)
which rooting depth may extend to 6,096 cm (200 feet) bgs (Foxx et aI., 1984), the ecologically relevant depth is
within the upper five feet.
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.First Technical Decision Point: Is Ecological Risk Suspected?

The information presented in the scoping report can be used to eliminate the site ttom further
consideration for ecological screening level or site-specificrisk assessment if a complete
exposure pathway does not exist and will not exist in the future at the site. Therefore, the
scoping report needs to carefully document the reasoning behind this decision.

The decision to remove sites ttom consideration for a screeninglevel risk assessment should be
made with the concurrence of the regulatory agency to assurethat later re-analysis of sites will
not be necessary. For those sites where valid pathways for potential exposure exist or may exist
in the future, a Phase n screening assessment is required.
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Phase n: Level I Screening Ecological Risk Assessment

2.0 Problem Formulation

This step ofthe Phase n ecoscreen establishespotential links between contaminants of potential
ecological concern (COPECs) and responses in site-specific receptors by means of a revised
conceptual site exposure model. It also represents the first quantitative examination of potential
risks from contaminants at a site. Each step ofthe problem formulation should assess whether
the available information is adequate for making these quantitativedeterminations. This allows
the problem formulation step to both define the problem and determine if adequate data exist to
answer it.

2.1 Conduct Site Surveys

Site surveys gather site-specific data necessary for identifying relevant and complete
contaminant-pathway-receptorrelationships. The survey should identify the habitat types at and
near the site, both aquatic (e.g., perennial streams and associatedwetlands, ponds, ephemeral
streams, etc.) and terrestrial (e.g., grassland,pinon-juniper woodland, ponderosa pine forest,
mixed conifer forest, etc.), as well as species of plants and animals associated with those habitats.
Efforts should be made to survey the site at several times of day and over a period of time
sufficient to observe biota that may use the site at different time of day and/or during different
seasons so that most species will be identified, or to locate such information in the literature.
Once receptor species have been selected based on the survey, information on the life history of
species needed to define exposure pathways should also be gathered at this point from the
literature, including sources such as the WildlifeExposure Factors Handbook (US EPA, 1993g).

2.2 Characterize Exposure Setting and Contaminants

This narrative description of ecological conditions at and near the site should include all the
information listed under Section 1.1 as well as the more detailed information gathered during the
site survey described under Section 2.1. It also includes identification and characterization of
the habitats at the sites. Furthermore, this section includes evaluation of all site sampling data
and the final determination of contaminants of potential ecological concern (COPECs).

Prior to beginning the data evaluation process, site sampling investigation must be sufficient to
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delineate the nature and extent of contamination as described in the Prerequisites Section. All
potentially contaminatedmedia should be sampled as part of site characterization, and any media
for which a potentially complete pathway to receptors exists should be included as part ofthe
ecoscreen. The appropriate method of sample collection for the purposes of site characterization,
unless prior approval has been obtained by HRMB, is to obtain discrete samples at depth
intervals that are relevant to ecological receptors exposure and contaminant transport pathways
of concern (i.e., sampling depth should be chosen purposely within that depth interval). For
example, assessment of surface exposure will be more adequate if soil samples are collected from
the shallowest depth that can be practically obtained. Usually the top 2 centimeters (cm) are of
primary concern for the ingestion of soil pathway. Subsurface soil samples are important,
however, if soil disturbance or plant root uptake or exposure ofterrestrial invertebrates
burrowing animals are likely. Therefore, concentrationsof soil contaminants in the top 20 cm are
appropriate for evaluating exposures to terrestrial invertebrates. It should be noted that all
facility-wide and/or site-specific background levels require approval by the Hazardous and
Radioactive Materials Bureau prior to use (see the HRMB Position Paper: Application of
Inorganic Background Concentrations in the Risk Assessment Process).

Ground water and surface water samples obtained for site characterization for inorganic
constituents must be unfiltered. However, for the purposes of detennining contaminant
environmental transport8and evaluation of potential risks to aquatic communities from surface
water or groundwater discharging to surface water, analyses of dissolved concentrations are also
required (see also Section 2.5.2). General water chemistry parameters such as pH and hardness
may be important for sites where inorganic contaminants are an issue.

The general approach for evaluating sampling needs, developing a sampling and analysis plan,
and conducting field sampling should follow the Guidancefor the Data Quality Objectives
Process (US EPA, 1994a), the RCRA CorrectiveAction Plan (US EPA, 1994b), the Guidance for
Data Useability in Risk Assessment (part A) (US EPA, 1992a, the Risk Assessment Guidancefor
Superfund, VolumeI: Human Health Evaluation Manual (Part A) (US EPA, 1989b), the RCRA
Sampling Procedures Handbook issued by Region 6 EPA (US EPA, 1995c), Guidancefor Data
Quality Assessment: Practical Methodsfor Data Analysis (US EPA, 1996c), Statistical Analysis
of Ground-WaterMonitoring Data at RCRA Facilities - Interim Final Guidance (US EPA,
1989d), Sediment Sampling QualityAssurance User's Guide (US EPA, 1984), Soil Sampling
Quality Assurance Guide (US EPA, 198ge), and Statistical Methodsfor Environmental Pollution
Monitoring (Gilbert, 1987) and should be submitted for approval to HRMB.

8FiItered water samples provide valuable infonnation for evaluating chemical transport within an aquifer or surface
water body.
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2.2.1 Evaluate Data and Select Contaminants of Potential Ecological Concern

A list of the preliminary contaminants of potential ecological concern (COPECs)determined
during the scoping phase is further evaluated in this section based on the results of sampling
done at the sites. This list may be lengthy for sites with complex sources. The objective of this
section is to describe a selection process by which preliminary COPECs can be evaluated for
elimination or retention as contaminants of potential ecological concern (COPECs).This process
is shown in Figure 4.

This section describes specific steps that should be followed to refine a list of site-related
COPECs. These specific steps are shown in Figure 1 and discussed below.

1. Gather all data available from the site investigation(s) for all preliminary COPECs
and media (Section 2.2.1.1),
Evaluate a preliminary COPEC detection status (Section 2.2.1.2)
Compare preliminary COPEC concentrations with inorganic backgroundvalues
(Section 2.2.1.3)
Evaluate environmental fate and transport properties (Section 2.2.1.4)
Develop a COPEC list of chemicals that are likely to be site-related for use in the
ecoscreen (Section 2.2.1.4).

2.
3.

4.
5.

2.2.1.1. Combine Available Data from Site Investigation(s)

Once the sampling investigation has been completed using recommended literaturesources (see
Section 2.2), gather data from all sampling events even if different analyticalmethods were used.
All media identified in the scoping phase as leading to potentially completed exposurepathways
should be sampled. All data should be sorted by environmentalmedium of concern and
sampling event. It should be ensured that needs of the ecoscreen have been incorporated into the
DQOs and chemical sampling program to determine the nature, extent, and degree of site
contamination. Bioavailability of contaminants should not be factored in for a screening level
ecological risk assessment; however, it may be discussed qualitatively amonguncertainties of the
ecoscreen in Section 4.4 and be addressed quantitatively in a site-specificrisk assessment. A
written discussion of site information used in compiling the list of preliminary COPECs should
be provided in the ecoscreen report.

If the methods used to analyze samples from different sampling events (i.e., time periods) are
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similar in tenns ofthe types of analyses conducted and the QA/QC procedures followed, the
data may be combined for the purpose of the ecoscreen.

Any data sets eliminated from the ecoscreen should be included in the report and
justification for such elimination must be fully described in the ecoscreen report.

2.2.1.2. Evaluate Detection Status

The evaluation of preliminary COPECs detection status includes the following steps:

~ Evaluation of the analyticalmethods used
~ Evaluation of the quality of data with respect to:. sample quantitation limits, qualifiers and codes

. blanks

~ Evaluation of the frequencyof detection

Evaluate Analytical Methods

This step of data evaluation detennines which analyticalmethod results are appropriate for use in
quantitative ecoscreen. Although analyticalresults that are not specific for a given compound
(e.g., total organic carbon, pH, Eh, etc.) are generally inappropriate for quantitative ecoscreen,
they are useful when evaluating sourcesof contamination or potential fate and transport of
contaminants, including their bioavailability. Therefore, these types of data may be included in
the summary of COPECs for the quantitativeecoscreen. Also, the results of analytical methods
associated with unknown or no QA/QCprocedures should be eliminated from further
quantitative use. These types of data, however, may be useful for qualitative discussion of
uncertainties in Section 4.4.

The outcome of this step is a set of site data that has been developed according to a standard set
of sensitive, chemical-specific methods (e.g., SW-846 Methods [US EPA, 1998a]) with QA/QC
procedures that are well documentedand traceable. It is critical that all uncertainties associated
with the data be detennined (see steps discussed below) to ensure that only data that are
appropriate and reliable for use in the quantitativeecoscreen will be carried through this process.
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Evaluate Quantitation Limits

This step involves evaluation of quantitation limits (QLs) and detection limits (DLs) for all ofthe
chemicals investigated at the site. It is important that the detection limits be low enough to
detect concentrations of ecological significance9. Although QLs needed for the ecoscreen should
be specified in the DQOs for the sampling and analysis plan (see US EPA, 1994a), for some
chemicals, data may be obtained from historical sampling events using high QLs.

This evaluation may result in the re-analysis of some samples, the "proxy" (or estimated)
concentrations (e.g., at DL or ~ DL), or the elimination of certain chemicals from further
consideration, because they are believed not to be present at the site. However, at the minimum,
the following possibilities should be examinedprior to eliminating chemicalsbecause they are
not detected or conducting any other manipulation of the data:

~ if the samplequantitationlimit(SQL)10of a chemicalis greaterthancorresponding
environmental standards (e.g., WQCC New Mexico Standardsfor Interstate and
Intrastate Streams and State of New Mexico Ground and Surface Water Quality
Protection Regulations) or criteria (e.g., Ambient Water Quality Criteria [AWQCD or
reference values such as the EPA Region VEcological Data QualityLevels [EDQLs]
(US EPA, 1996a), then the chemicalmay be present at levels greater that these
reference concentrationswhich may cause potential risk being overlooked; and

~ if a given SQL is considerably higher than positively detected values in other samples
in a data set, then it could bias the data set.

One appropriate option for a site ecoscreen is to assume that the chemical having SQL greater
than reference concentrationsis present in the sample at the SQL and carry the chemical
through the ecoscreen, essentially conducting the assessment on the SQL. Re-analysis of the
sample or collection of additional data is a second (preferred) option discouraging elimination of
chemicals that may be present below their QL but above a level of potential concern for the
ecoscreen.

If SQLs for a given chemical are unusually high in some samples (e.g., due to matrix
interferences) considerably exceeding the positive results reported for the same chemical in other

9Facilities may use the EPA Region V Ecological Data Quality Levels (US EP A, I 996a) for identifying analytical
methods with detection limits low enough to detect chemical concentrations of ecological significance.

IOThesample quantitation limit is defmed as the detection limit that accounts for sample characteristics,
sample preparation, and analytical adjustments such as dilution (US EPA, 1992a).
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samples, the samples should be either re-analyzed (preferredoption) or excluded from the
quantitative evaluation if it causes the calculated exposure concentrationto exceed the maximum
detected concentration for a given data set.

Evaluate Qualified and Coded Data

Various qualifiers and codes attached to analytical results by the laboratorypersonnel performing
samples analysis or the data validation personnel usually indicate QA/QC problems and
questions concerning compound identity, concentration, or both.
All qualifiers and codes must be addressedbefore the compound can be used in quantitative
ecoscreen.

At a minimum, current EPA guidance documents concerning qualifiers (e.g., guidelines for
inorganic compounds and organic compounds [US EPA, 1994c,dD should be consulted prior to
evaluating qualified data. Ensure that definitions of data qualifiers used in the data set for the
site are reported and are current.

Evaluate Blanks

Blanks are analytical quality control samples analyzed in the same manner as site samples.
Therefore, blank samples provide a measure of contamination that has been introduced into a
sample either (1) in the field while the samples were collected or transported to the laboratory or
(2) in the laboratory during sample preparation and analysis. US EPA (US EPA, 1989b) defines
four types of blank samples: trip blank, field blank, laboratory calibrationblank, laboratory
reagent or method blank, and water used for blanks.

To prevent the inclusion of non-site related chemicals in the risk assessment, the concentrations
of chemicals detected in blanks must be compared with concentrationsof the same chemicals
detected in site samples associated with the blanks. If the associationbetween blanks and site
data cannot be made, blank data should be compared to the results from the entire sampling data
set. The result of the comparison of site sample chemical concentrationwith blank chemical
concentration depends on whether the chemical detected in blanks is a common laboratory
contaminant or a contaminant not commonly used in laboratories.

If compounds considered common laboratory contaminants (i.e., acetone, 2-butanone
[methyl ethyl ketone], methylene chloride, toluene, and the phthalate esters) are detected in any
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of the blanks, the site sample results should be considered as positive results only if the
concentration of the compounds in the site sample exceeds ten times the maximum concentration
detected in the applicable blanks. If the concentration of a common laboratory contaminant is
less than ten times the blank concentration, then the compound is treated as a non-detect in that
sample. If all site samples contain concentrations of a common laboratory contaminant that are
less than ten times the concentration of a contaminant measured in the blank, then, the compound
can be completely eliminated as a COPEC.

If the blank contains detectable concentrations of one or more organic or inorganic compounds
that are not considered common laboratory contaminants then the site sampling results
should be considered as positive results only if the concentrationof the compound in the site
samples exceeds five times the maximum compound concentrationdetected in the applicable
blanks. If the concentration of a compound in site samples is less than five times the blank
concentration then the compound is considered non-detect. If all samples contain concentrations
of a compound that are less than five times the concentration of this compoundmeasured in the
blank, then, the compound can be completely eliminated as a COPEC.

Note, however, that in order to consider blank contamination in the COPEC selectionprocess,
the following must be ensured:

~ good data quality and rigorously implemented QNQC plan and good industry sampling
and analysis procedures;

~ the effect of eliminated compounds on the overall risk estimatesmust be clearly
described in the uncertainty analysis section of the ecoscreenreport.

Evaluate Detection Frequency

Because carrying a large number of compounds through a quantitative ecoscreenmay be
complex and it may require considerableamount of time and resources, the procedure described
below may be used if applicable to reduce the number of COPECs in each medium. However,
prior to implementing this procedure (1) the rationale for the procedure must be clearly
documented in the ecoscreen report and (2) historical site information must be carefully
examined.
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Chemicals likely to be present at the site!! shouldnot be eliminated from the quantitative
ecoscreen, even ifthe results ofthe procedure described in this section indicates that such an
elimination is possible.

Chemicals that are not detected in any samples in one medium but that are detected in
other media. Generally, these chemicals should not be eliminated as COPECs, unless
information exists to indicate that those chemicalsare unlikely to be present at the site8. For
example, if chemicals with similar fate and transport and characteristicsare detected frequently
in soil at a site, and some of these chemicals are detected frequently in surface water while the
others are not detected, then the undetected chemicals are likelypresent in the surface water and
therefore, need to be included in the ecoscreenas surfacewater COPECs.

The outcome of this step is a data set that only contains chemicals for which positive data (i.e.,
analytical results for which measurable concentrations are reported) are available in at least one
sample from each medium. The assumption is that all positive data to which no uncertainties are
attached concerning either the assigned identity of the chemical or the reported concentration
(i.e., data are not "uncertain" or "qualitative")are appropriate for use in the quantitative
ecoscreen.

Chemicals that are infrequently detected. These chemicals may be artifacts in the data set
due to sampling, analytical, and other problems, and therefore, might not be related to site
operations or disposal practices. The chemical should be considered as a candidate for
elimination from the quantitative ecoscreenif:

~

it is detected infrequently in one environmentalmedium, and
it is not detected in any other media, and
there is not reason to believe that the compound may be present in the site
environmental media based on site sampling adequacy, historical data, and any other
relevant information such as known degradationproducts.

~

~

Any detection frequency limit being used (e.g., five percent) should be approved by the HlUvffi
prior to its use in this screen. As an example: if a frequency of detection limit of five percent is
used, then at least 20 samples of a medium is needed (i.e., one detect in 20 samples equals a five
percent frequency of detection). However, decisions about frequency of detection and sample

I! The determination that a chemical is or is not likely present at the site should be made based on (1) site historical
information and process knowledge and (2) evaluation of sampling adequacy at the site and (3) any other relevant information
such as known degradation products or potential for bioaccumulation.
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size will also consider other factors such as size of the contaminated area. Compounds likely to
be present at the site should not be eliminated.

The reported concentrations and samplinglocations of chemicals shouldbe examined for hot
spots (i.e., small or localizedbut highly contaminated areas), which may be important for short-
term exposures of ecological receptors and which, therefore, shouldnot be eliminated from the
ecoscreen. All sampled media shouldbe examined for detection of a given compound because
some media may be sources of contaminationfor other media. For example, a compound that is
infrequently detected in soil (a potential ground water contaminationsource) should not be
eliminated as a site contaminant if the same compound is frequently detected in ground water.

Furthermore, infrequently detectedcompoundswith concentrationsthat exceed corresponding
environmental standards or criteria should not be eliminated as COPECs. The elimination of

any compounds from the ecoscreen along with justification for such elimination must be
fully described in the ecoscreen report.

2.2.1.3 Screen Against Inorganic Background Concentrations12

A comparison of site sample concentrationswith background concentrations (e.g., using the
geometric mean concentrations of the two data sets) is useful for identifying the non-site-related
inorganic chemicals that are found at or near the site. EPA has issued guidance for ground water
detection monitoring programs being conducted under RCRA. This guidance entitled "Statistical
Analysis of Ground-WaterMonitoringData at RCRA Facilities" (US EPA, 1989d) and the Draft
Addendum to Interim Final Guidance (US EPA, 1992b) provide a conceptual framework for
determining and applying an appropriate statistical method for comparison of background and
contaminated ground water data. These statistical methods and those presented in EPA's
Statistical Methodsfor Evaluating the Attainment of Cleanup Standards (Volumes 1 and 3) (US
EPA, 1989a; 1994e), Guidancefor Data QualityAssessment (US EPA, 1996c) and in Statistical
Methods for Environmental Pollution Monitoring (Gilbert, 1987)could be applied to soil
background comparisons.

The objective of the statistical analysis for the ecological risk assessment is to determine if site
inorganic chemical concentrations differ significantly from inorganicbackground concentrations

12Inorganic background concentrationsare defined as naturally-occurring concentrations of inorganic constituents in
an environmental medium (sediment, soil, air and water) not affected by Facility operations (HRMB SOP II. A.2: Site-Specific
Background).
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or values. The choice of the appropriate statistical test should be based on the distribution of the
data, the percent of non-detects in background and/or site data, the presence of multiple detection
limits, etc. Any statistical methods being used for comparison of site samples with background
values should be identified and their use justified in the ecoscreen report.

Often, a single value to represent the inorganic background concentrations (BV13)is determined
based on the mean or median of the collected samples (e.g., the 95% upper confidence limits
[UCLs] for the mean) or the maximum concentration (e.g., the upper tolerance limits [UTLsDor
pre-determined regional inorganic background levels obtained from the literature. When the site
sample concentrations fall above the BVs the preliminary COPECs are retained as COPECs.
Note, however, that the 95% DCL of the site samples should not be compared with the DTL of
the background samples (US EPA, 1989d; 1992b). This is not valid statistical comparison
because the DTL represents a maximum value while the DCL is a mean. Therefore, if the UTL
has been selected as a BV, each soil sample (not the mean) should be compared to the DTL. If
any site soil sample exceeds the UTL, the preliminary COPEC must be retained as COPEC
because this exceedance is indicative of site-related contamination.

As discussed in the HRMB Position Paper "Application of Inorganic Background Values in the
Risk Assessment Process", if inorganic chemicals are present at the site at naturally occurring
levels (i.e., in concentrations at or below facility-specific or site-specific [if applicable] or
regional background), they may be eliminated from the quantitative screen. It is important that
comparisons of a site and background metal concentrations consider both soluble and insoluble
form of metals, if relevant. For example,background concentration should be determined for
chromium (III) and (VI) separately for comparison with the site concentrations of respective
chromium species. Facilities should submit values representative of background concentrations
to the HRMB for approval prior to their use in ecoscreen. Ifbackground risk is of concern (e.g.,
in some cases background concentrations may present an excessive risk to ecological receptors),
it should be estimated separately from site-related risk and included in the report so that it can be
considered with other site information.

At some sites, a concern may exist for "hot spots" or situations where a small proportion ofthe
site is contaminated above inorganic background, yet application of distributional tests show no
difference between site and background levels of randomly sampled data. For example, there
may have been too few samples collected at the site, so that perhaps only one or two
measurements are elevated above background. One method for handling this situation is to

13BVor background value means an inorganic chemical concentration representative of background concentrations
that has been approved by the Hazardous and Radioactive Materials Bureau.
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compare each site measurement to a "hot measurement" concentration value (US EPA, 1994e).
This "hot measurement" value can be an EDQL, a standard, or some function ofthe background
data (e.g., upper tolerance limit). The hot measurement value should be selected to identify
excessive ecological risk beyond that of average site-wide exposures. If one or more site
measurements equal or exceed the hot measurement value, the compound should be retained as
COPEC and proceed to the environmental fate and transport evaluation.

The evaluation process below should continue for all organicpreliminary COPECs and those
inorganic preliminary COPECs that exceed inorganic background concentrations/values (see
Figure 4). Both a justification for eliminating chemicalsbased on an inorganicbackground
comparison and an overview of the type of comparison conducted should be included in the
ecoscreenreport.

2.2.1.4 Evaluate Contaminant Fate and Transport

Evaluation of the environmental fate of chemicals can substantially affect the selection of
contaminants of potential ecological concern, determination of important exposure pathways to
ecological receptors, and the feasibility and potential impacts of remediation strategies. At this
point, the list of preliminary COPECs should be reviewed to evaluate any physico-chemical
properties which may alter the way in which the impact of these preliminary COPECs is viewed
in the risk assessment process. This is particularly true for any contaminants highly persistent
and bioaccumulating in ecological receptors and food chains such as polychlorinated dibenzo-
dioxins, PCBs, DDT and its breakdown products, organochlorinepesticides, chlorinated
dibenzofurans, and metals capable ofbiomethylation (e.g., mercury). These compounds require
consideration of more than their direct toxicity.

Persistence, Mobility, and Bioaccumulation

Physico-chemical parameters describing environmentalpersistence or mobility processes,
include water solubility, log ~w and Koc,and environmentalhalf-life. A contaminant's water
solubility14influences its fate and transport in all environmentalmedia and is especially relevant
to ecological receptors exposure through aquatic pathways. Compounds soluble in water or pore
water of soil/sediment are more available for chemical and biological transformations and are

14water solubility is an upper limit on a chemical's dissolved (Le., aqueous) concentration in water at a given
temperature. Aqueous concentrations exceeding solubility may indicate sorption onto sediment, the presence of solubilizing
chemicals such as organic solvents, or the presence of a non-aqueous phase liquid.
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subject to the complex forces affecting the movement of water. Less soluble metal cations, such
as aluminum, may enter solution at lowerpH as a result of leaching trom soils and become
available for uptake by plants and aquatic animals.

The logarithm octanol/waterpartition coefficient (log Kow)is the ratio of the chemical's
concentrationin octanol(representinglipidor "fat")to the concentrationinwater. Kowprovides
a measure of the extent of chemical partitioning between water and octanol at equilibrium and,
thus, describes a chemical affinity for the lipid portion of an organism's tissues. A high log Kow,
typically greater than 3, indicates higher concentrations in the octanol rather than in the water.
Kocis an equilibrium constant that measures the partitioning between organic carbon in the
sediment and water (i.e., it measures a chemical's ability to attach or adsorb to particulate
matter). Kocis useful for describing mobility potential because it correlatesbetter with
adsorption to soil and sediment. A chemical's mobility is generallyproportional to its water
solubility and inversely proportional to RowandKoc. Chemicalswith log Row< 2.7 and Roc<
1000 are considered to be highly mobile, while chemicals with log Row~ 4 and Roc> 10,000
generally have low mobility and therefore, high persistence potential (Connolly and Pedersen,
1988;Ney, 1998).

In general, organic chemicalswith log Rowvalues equal to or greater than 4.0 and inorganic
chemicals with a whole-body bioconcentration factor (BCF)ISequal to or greater than 100 have a
high bioaccumulation potential (Connolly and Pedersen, 1988). These criteria were developed
for aquatic environments and they have much less relevance to terrestrial systems; for terrestrial
species, BCFs of as little as 0.03 can be biologically significant if the chemical residue is toxic
(US EPA, 1989c). It is also important to remember, that the bioaccumulationpotential of a
chemical is only one factor implicated in the dose estimates for higher trophic level terrestrial
organisms (e.g., a herbivore consuming large amounts of plant material contaminatedwith a
metal having a soil-to-plant BCF of less than 1 (one) could still receive a toxic dose of this
metal).

Persistence is measured by the number of days required to reduce a chemical's concentrationby
one-half through biotic and abiotic degradation/transformationprocesses. The greater the media-
specific half-lifeI6,the more persistent a chemical is likely to be in the medium. Chemicals are
considered highly persistent in water iftheir half-lives in water are greater than 90 days, and not

ISTheBCF measures the concentration of a chemical in the organism relative to that of the immediate environment
(soil, water, and sediments).

16A chemical's half-life is defined as an estimate of the time required for half of the original contaminant to be
transfonned by both chemical and biological processes.
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persistent in water with half-lives lower than 30 days.

It is recommended that the criteria ofbioaccumulation, persistence or mobility not be used for
eliminating potential contaminants as COPECs.

Environmental Transformation

Known chemical or biological transformation products of preliminary COPECs or those that can
be reliably predicted must be included in the process of COPECs' selection. The transformation
or breakdown products of some compounds are often more toxic than the parent compound and,
therefore, may present substantial ecological risk. For example,perchloroethylene(PCE) breaks
down to vinyl chloride, which is even more toxic than its parent compound. Therefore, for
COPECs that are likely to undergo transformation under the conditions found at the site, the
anticipated breakdown products should be determined and added to the list of COPECs to be
evaluated in this ecoscreen.

2.2.1.5. Develop a List of COPECs

Following the evaluation of site sampling data as specified in previous sections, all remaining
preliminary COPECs (including their transformation products) are consideredCOPECs for the
ecoscreen. The specific steps in the process for selection of COPECs are outlined in the flow
diagram in Figure 4. However, toxicity information (i.e., toxicity referencevalues or TRVs) to
be used in the quantitative ecoscreen may not be available for all COPECs. Nevertheless, a
constituent should not be eliminated from the list of COPECs only because toxicity information
is lacking; instead, limited or missing toxicity data must be addressedusing best professional
judgement, surrogate17toxicity data from a similar chemical, and should be discussed as an
uncertainty.

Figure I also shows how COPECs should be evaluatedbased on the availabilityof toxicity data.
Those COPECs lacking toxicological data in the literature will be evaluatedqualitatively in the
ecoscreen by using surrogate toxicity data from a similar compound, if available, or discussed as
an uncertainty in the uncertainty analysis section of the ecoscreen report. Remaining COPECs
will proceed to the quantitative ecoscreen.

17Facilities should obtain HRMB approval for selecting surrogate compounds and using their toxicity data prior to
performing ecoscreen.
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Recommended Information for the Ecoscreen Report

The results of the COPEC selectionprocess should be presented in a tabular format showing the
initial list of preliminary COPECs, the final list of COPECs and the reason for each preliminary
COPEC eliminated from further consideration. Any ecological screening levels used to retain or
remove a COPEC should also be included in this table.

"Second Technical Decision Point: Are Existing Data Sufficient to Assess Risk?

At this point, based on professionaljudgement and the revised conceptual site exposure model,
the facility should determine if the sampling,conceptual model, and delineation of pathways is
sufficient to support the ecoscreen. Any gaps in the sampling data or site information should be
addressed prior to continuing with the quantitativescreening process.

2.2.2. Identify Habitats and Their Boundaries

All habitats at and within the locality of the facility/site should be identified as a recognized
habitat type based on vegetation, wildlife, and physical properties (see Section 1.1). A number
of sources exist both for correlatinghabitat type with a given location and for information
regarding plant and animal species commonlyassociated with a habitat type. These sources are
described in the section for each habitat type. It is very important that information from these
literature and agency sources be comparedwith the information gathered from the site visit to
verify that the predicted habitat actuallymatches the one found at the site. Once a habitat type
has been designated, the appropriate food web can be developed and assessment endpoints and
receptor species chosen. Boundariesof habitats selected for evaluation should clearly be
delineated and mapped. Include the followinginformation:

~ Facility boundaries
~ Location(s) of release source(s)
~ Habitat types and boundaries
~ Water bodies and their associatedwatersheds

~ Special ecological areas
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2.2.2.1. Terrestrial Habitats

In New Mexico, there are several fairly well-defined terrestrial habitats that occur naturally.
They are the forest (for example,mixed conifer,ponderosa pine, and pinyon-juniper), tallgrass
prairie, shortgrass prairie, agriculturalland, scrub/shrub, and desert. Particular types of
vegetation characterize each ofthese habitats and can be used to identify them. A selection of
some ofthe guides to determininghabitat type can be found in Appendix A.

Habitat types may also be detennined by reviewing land use and land classification maps (LULC
maps) which are available in hard copy or electronically18.GIS mapping can also be used to
define habitats. Classificationsmade using these maps should be verified with a combination of
topographic maps available from the United States Geologic Survey (USGS) and other sources,
aerial photographs (also available from USGS), and information gathered during site visits.
A number of sites under considerationare in areas that have been disturbed by man sufficiently
that they no longer match any of the naturally occurring habitats typical of the southwest.
Particularly at heavily used areas at facilities, the two most common of these areas are usually
described as "weed fields" and "lawn grass". Vegetation at "weed fields" should be examined to
determine whether the weeds consistprimarily of species native to the southwest or of introduced
species such as Kochia. Fields of native weeds are best evaluated using the short grass prairie
habitat. Fields consisting primarily of introduced agricultural weeds should be evaluated using
the specific plants present at the site, and animal species likely to be present at the area or
associated with neighboring habitats and thus potentially entering the area. Areas consisting
primarily oflawn grass should be evaluated as a modified form of the shortgrass prairie food
web. Site survey information shouldbe used to determine which species of the feeding guilds in
trophic levels one through three are present and also to determine if species in trophic level four
of this web are actually utilizing the grass area. It is worth noting that much of the wildlife using
lawn grass areas is crepuscular in nature, and site surveys of these areas are best done at dawn
and dusk.

2.2.2.2. Aquatic Habitats

There are several types of aquatichabitats in New Mexico: lentic (lakes, ponds, and some
wetlands), lotic (streams and rivers) and ephemeral (arroyos, some wetlands, puddles/pools, and
playa lakes). These types are characterizedby different wildlife, different sediment accumulation

18Available on the World Wide Web from US GS at http://mapping.uSgs.govlindex.html or from EPA at
ftp://ftp.epa.gov/pub.
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rates, and widely differing water chemistry (particularly salinity); the various types may respond
differently to the impacts of contaminants. The habitat types referred to here mean the scientific
habitats segregated based on wildlife and food web differences, not the "designated use" types
developed under regulatory structures. Information pertaining to taxonomy, status, distribution,
habitat, environmental association, feedinghabits, management practices and references for
aquatic and terrestrial ecosystems in New Mexico is available from the Biota Information System
of New Mexico (BISON-M), maintained by the New Mexico Game and Fish Conservation
Services Division in its BISON databasel9.

For aquatic communities it is particularly important to address the potential for offsite transport
of contamination to downstream habitats and receptors. While methods for addressing this issue
in perennial water ecosystems such as streams are fairly well-established, off-site transport of
contamination is also an important consideration for ephemeral waters such as arroyos and
intermittent streams. One relatively simple screening level method for evaluating the potential
impact of this contamination on downstream habitats is to assume that the levels of
contamination found in the ephemeralwaters will be transported to the nearest perennial
waterway and to evaluate the potential impact to that aquatic community. This evaluation of
potential impacts on downstream habitats supplements the risk assessment for any resident or
seasonal community in the arroyo itself.

2.2.2.3 Special Ecological Areas

A special ecological area is a habitat that could require protection or special consideration on a
site-specific basis because unique and/or rare ecological receptors and natural resources are
present, or because oflegislatively-conferred protection status (for example, national monument
status or wild and scenic river designation). A list of types of areas that qualify as special
ecological areas is shown in Table 2. All special ecological areas in or adjacent to the
assessment area should be identified and evaluated for potential exposure. Representative
species should be chosen for each of these areas and evaluated through the same risk assessment
procedures used for other areas. Although the same procedures are used for evaluation of special
areas as for other areas, identification of these areas is important for risk management decisions
because the protection of these areas is crucial.

19Available on the World Wide Web:http://www.fw.vt.edulfishex/states/nm.htm. Technical contact at the NM Dept.
of Game & Fish for this database is John Klingel (505-827-9904).
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Recommended Information for the Ecoscreen Report

. number, type and size of habitats present in assessmentarea

. sources of infonnation used to detennine habitats

. plant and animal species typical of those habitats

2.2.3 Identify Ecological Receptors

For each ofthe habitats present at the assessment site, a group of ecological receptors should be
identified which will eventually be used to develop the food webs for the risk assessment
screening process. A number of infonnation sources are available to determine the plant and
animal species associated with a particular type of ecosystem. These include government
organizations such as the US Fish and Wildlife Service (a source for wetland inventory maps),
the U.S. Forest Service, the U.S. Bureau of Land Management, the New Mexico Natural
Heritage Program2O,and tribal governments. Infonnation pertaining to taxonomy, status,
distribution, habitat, environmental association, feeding habits, management practices and
references for all vertebrates and selected invertebrates in New Mexico is available from the
Biota Infonnation System of New Mexico (BISON-M), maintainedby the New Mexico Game
and Fish Conservation Services Division in its BISON database. There are also numerous

regional field guides which can be used for development of habitat-specific food webs; a
selection of some of the guides available are listed in Appendix A. Local chapters of private and
professional organizations including the National Audubon Society, the Sierra Club, the National
Geographic Society, and universities can also provide infonnation on species found in New
Mexico. These sources should be used to compile master lists of wildlife and plant species
potentially present at the site.

Lists of species should include those typical of the area in addition to those seen during the site
surveys. Therefore, the master lists should include species that, while not physically observed in
the assessment area, occur in habitats that exist at or near the site and therefore could possibly be
present at the site. In addition to these species, migratory species that pass through the
assessment area should be included, particularly if the migratory specieswill remain in the area
long enough to be exposed to contaminants at the site. All threatened and endangered species
known or expected to frequent the assessment area should be included in the list of receptors.

2<>University of New Mexico, 2500 Yale Blvd SE, Suite 100, Albuquerque, NM 87131
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2.3 Develop a Habitat-Specific Food Web

The list of species and infonnation obtained during characterizationof the exposure setting will
be used to develop a habitat-specific food web. A site-specific food web can be developed or the
infonnation on the plant and animal speciespresent at the site can be used to assign the site to a
food web developed in the literature for the habitat type at the site. In the ecoscreening process
the food webs serve primarily to assist in the choice of assessmentendpoints and selection of
measurement receptors for each habitat under consideration. Food webs will include all the
species from each habitat selected for evaluation. Representative species or measurement
receptors from the food web will then be designated to evaluate assessment endpoints. A
separate food web is needed for each habitat type found in the assessment area, even if the
COPECs are the same.

Examples of food webs for all the common habitats occurring in New Mexico are reproduced in
Appendix B. The examplewebs reproduced in the appendix are designed for the western region
of the US, but should be modified when necessary to reflect the species composition of the actual
assessment site under consideration. The species included should be limited to those reasonably
known or expected to exist at the site. For example, the forest food web includes the pika as a
herbivorous mammal, but this species occurs in New Mexico only at high altitudes, so it should
not be included in webs for most sites.

2.3.1 Organize Food Web Structure by Trophic Level

The food webs should be organizedby trophic levels, which reflect the role of a species' diet on
its place in the ecosystem. These trophic level designationsare designed to separate the species
into herbivores, omnivores, and carnivores to coincide with the equations used to determine the
potential dose of the COPEC ingested by members of each group. This is particularly important
when bioaccumulating compoundsare among the constituents of concern. Trophic level 1
consists of all species which are primary producers, usually green plants. Trophic level 2
consists of species that are primary consumers. These species are herbivores (which consume the
plants from trophic level 1) and detritivores (which consume dead and decaying organic matter
from sediment and soil). Trophic level 3 contains omnivores (species which consume both plant
and animal matter) and intennediate carnivores such as shrews. Trophic level 4 or higher levels
contain only carnivores. Once the expected species in the habitat are organized this way, they
can more easily be divided into feeding guilds from which representative receptors can be
chosen.

Revision 1.0
3/24/2000

Page38



-- - --- --- _u -------_u

Guidancefor Assessing Ecological Risks Posed by Chemicals: Screening Level Ecological Risk Assessment
HRMB Guidance Document

2.3.2 Group Receptors into Class-specific Feeding Guilds and Communities

A class-specific feeding guild is a group of specieswithin a particular trophic level that share
similar feeding strategies and dietary habits. Examples of class-specificfeeding guilds are
herbivorous mammal, omnivorous reptile, carnivorousmammal, and invertivorous bird. Class-
specific guild designation is important because a representative species from each guild is used to
assess the risk to all species in the guild. Organisms in the upper trophic levels are organized
into these class-specific feeding guilds, but plants and invertebratesare grouped into
communities distinguished by the media which they inhabit. Examples of these communities
include terrestrial plants and sediment fauna. The reason for groupinghigher trophic level
organism into class-specific guilds and lower trophic level organisms into communities is
because risk to upper trophic level organismswill be based on dose ingested, while risk to lower
trophic level organisms will be based on the media concentrationof COPECs.

2.3.3 Define Dietary Relationships Between.Class-specific Guilds and Communities

Arrows on the example food webs (AppendixB) define the dietary relationships between class-
specific guilds and communities. These relationships are determinedby evaluating the dietary
composition of the receptors for each class-specificguild or community. US EPA recommends
that only those interactions that contributemore than 5 (five) percent ofthe total diet should be
considered for development of a food web (US EPA, 1999a). This recommendation is based on
the assumption that the food web can be simplifiedwithout underestimatingpotential exposure.

2.3.4 Identify Complete Exposure Pathways

Ecological receptors may be exposed to contaminatedmedia by uptake through the food web.
Additionally, receptors can be exposed to contaminated media directly through ingestion of
vegetation, water, or soil/sediment, or through physical contact or inhalation.

In Section 1.4potential pathways for migration of contaminants from a source to an ecological
receptor were qualitatively defined. Once ecological receptors and dietary relationships for the
site have been specifically identified the initial set of potentially complete exposure pathways
may require modification. This step of evaluationrequires an understanding of the physico-
chemical properties and environmentalfate and transport characteristicsof the COPECs (see
Section 2.2.1).
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For example, the initial analysis may have included pathways of primary exposure to burrowing
mammals; if the selection of habitat and receptors shows that these mammals are not likely to be
present at the site, then this pathway need no longer be considered complete. Another example
of an incomplete exposure pathway is a site with inaccessible buried contamination and no
potential for off-site transport. At this point it may be possible to demonstrate that some
pathways, though complete, do not contribute substantially to the potential exposure. The
determination that a pathway does not contribute significantly to exposure should include
supporting documentation from studies or guidance documents.

Recommended Information for the Ecoscreen Report

. All food webs developed for habitats occurring in the assessment area including
. media for which web is constructed

. division into trophic levels

. class-specific guild designations for each trophic level

. major dietary interactions

. source citation

. rationale for selection

2.4 Identify and Select Assessment Endpoints

Ecological risk assessment involves so many species that it is not practical to directly evaluate
risks to all of the individual species in the ecosystem at a site. Assessment endpoints are
particular components or attributes of the ecosystemwhich are critical to maintenance of the
ecosystem structure and function. Assessment endpoints focus the risk screening on components
of the ecosystem that may be impacted by contaminants at the site. These assessment endpoints
establish a clear connection between regulatory goals for a site, endpoint species, and the
objectives of the ecological risk assessment to protect the assessment endpoint. The endpoints
should be chosen based on their ability to reflect functions critical to the ecosystem (ecological
relevance), their susceptibility to stress by the contaminants, and their relevance to risk
management goals.

For a given site, ecological relevance will be determined using professional judgement and based
on site-specific information and preliminary surveys. Sensitivity to particular contaminants is
related to both the mode of action of the contaminant and the life history characteristics of the
species in question. Relevance to management goals can include protection of economically
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valuable species or of aesthetic and recreation values, in addition to those assessment endpoints
used for protection of the overall ecosystem.

Assessment endpoints can encompass a single species or a group of species with common
characteristics, such as a class-specific feeding guild. Assessment endpoints specific to each
guild and community within each trophic level of the food webs should be identified. Examples
of assessment endpoints for guilds include seed disperser, major food source for predator,
decomposer/detritivore, pollinator, or (for predators) regulator of prey species. While aesthetic
or societal value can be used to add a species for consideration as representative of an assessment
endpoint, lack of societal value should never be used to remove a species that is ecologically
important from consideration. Examples of assessment endpoints for communities include
diversity (species richness), community composition,productivity, major food source for
consumer species, or habitat for wildlife. Assessment endpoints determine which species will be
chosen as measurement receptors in the next section.

2.5 Identify and Select MeasurementEndpoints

Evaluation of the biological effects (effects on survival, reproduction, or growth) of contaminants
on the assessment endpoint requires identification of a measurement receptor species suitable for
making inferences about potential changes in the assessment endpoint. The assessment endpoint
and measurement receptor can actually be the same if the assessment endpoint defined above
refers to a single species within the ecosystem. Measurement receptors are defined as the species
used to represent a functional group of organisms at the site for evaluation of assessment
endpoints; all class/guilds and communities present should be represented. Measurement
receptors should be chosen based primarily on their function in the ecosystem/food web and
should represent each community (e.g., soil invertebrate, phytoplankton) and class-specific guild
(e.g., mammal herbivore, bird insectivore) presented in the site-specific food web which has been
selected as an assessment endpoint at a site. The table in Appendix C lists measurement receptors
for the food webs described in this document, and also lists some ofthe critical ecological
attributes that allow those receptors to represent the assessment endpoints for those ecosystems.
Additional considerations in selectingmeasurement receptors should include the species
sensitivity to the toxicity of the particular contaminant found at the site, its potential for a high
level of exposure to the contaminants at the site, the availability of natural history information on
the species, social and economic importance of the species, and its relevance to risk management
goals at the site. This section covers the two types of measurement receptors for communities
and guilds; these should be developed to represent the assessment endpoint.
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2.5.1 Identify Measurement Receptors for Communities

For communities (i.e., soil, surface water, sediment), the communityor assemblage of
communities in the media are selected as the measurementreceptors. COPEC concentrations in
the media for the community will be compared to toxicity benchmarks developed for that
community as further described in Sections 3.1 and 3.2.

Representative measurement receptors should be selected for communities in all media which
may be impacted by contamination. For the differentmedia, representative receptors include:. soil media: soil invertebrate community and terrestrialplant community. surface water media: phytoplankton community, aquatic invertebrate community

. sediment media: benthic invertebrate community

2.5.2 Identify Measurement Receptors for Guilds

These measurement receptors should be individual species relevant to those expected to occur at
the site. Measurement receptors should be chosen to represent each class-specific guild (e.g.,
mammal herbivore, bird insectivore) presented in the site-specificfood web which has been
selected as an assessment endpoint at a site. For a species to serve as a measurement receptor,
there must be sufficient natural history information available on its diet and body weight. The
WildlifeExposure Factors Handbook published by US EPA (1993g) is a good source of this
information for many species. The measurementreceptor selected for each class-specific guild
will be used to model the COPEC dose ingested and the whole body COPEC concentration in
prey eaten by predators at the next trophic level as explained in Section 3.1. More than one
measurement receptor can be selected for each assessmentpoint, but one of the measurement
receptors selected for a guild should be the species with the highest ingestion rate per unit body
weight of the species in that guild. This assures that risk to a class-specific guild is not
underestimated. Examples of information gathered on potential measurement receptors are in
Appendix D.

2.6 Determine COPEC Environmental Concentrationsat Point of Potential Exposure

Site environmental media sampling (soil, sediment, surfacewater, and ground water) and
chemical analyses of environmental samples generallyproduce a range of concentrations; some
analysis of the sampling results is needed to determine the concentrationof COPECs to which
ecological receptors are potentially exposed. For all receptors, it is important to use
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concentrations from samples that are biologicallyrelevant to the receptor species. For example,
exposure to burrowing rodents should be estimatedusing soil sampling results from the depths at
which they are expected to burrow, not an average of all soil samples taken.

Whether the 95% UCL or the maximum value of a COPEC concentration is being used to
determine the environmental exposure,measured COPEC concentrationstogether with the SQLs
of nondetected COPECs (see Section2.2.1.2) shouldbe used when determining the
concentrations most representative of potential exposureof ecologicalreceptors to COPECs at
the site. If there is a reason to believe that the COPEC is present in a sample at a concentration
well below the SQL, then one-half of the SQL can be used as a "proxy" concentration. The SQL
value itself can be used, ifthere is reason to believe the true concentration is closer to SQL than
to one-half the SQL. The non-detectedresults should not be simply omitted from the ecoscreen.
nor should zero values be substituted in place of the SOL.

For soil and sediment samples, the COPEC concentrationtypically used to represent the
environmental concentration for the ecoscreen is the maximum measured COPEC concentration.

However, if the COPCs are distributeduniformly at the site and the sample size is large enough,
a statistically derived value such as the 95 percent upper confidence limit (UCL) of the
arithmetic mean can be used (exceptwhen the 95% VCL exceeds the maximum concentration) to
represent the environmental concentrationat the point of ecological receptors exposure. In this
case, the US EPA guidance document Supplemental Guidanceto RAGS: Calculating the
Concentrations Term" (US EPA, 1992c)should be consulted to estimate the 95 percent UCL.
Averaging and statistical treatment of data is correct only for samples that were collected with an
appropriate random or systematic sampling design. If "hot spots" (i.e., small but higWy
contaminated areas) are present at the site, it is recommendedthat exposure to "hot spots" be
evaluated separately because they may require separateconsideration for risk management.

Water samples are less heterogeneousthan soil or sediment samples, and it should be easier to
come up with a statistically supportableaverage COPEC concentration even with smaller sample
sizes. Data from unfiltered water samples should be used to estimate exposure point
concentration for terrestrial measurementreceptors.Toxicity values and most biotransfer factors
for aquatic receptors are developedusing the dissolvedconcentration of COPECs in water, so
concentrations in filtered samples correspondbetter to toxicity values for the aquatic receptors.
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2.7 Refme Conceptual Site Exposure Model

In Section 1.4 a preliminary conceptual site exposure model was developed showing anticipated
complete pathways to receptors based on site-specific information and generally, qualitative
analysis of site historical data and information. Now, the list ofCOPECs, the food web
developed for site, and the measures of effect can be summarized into a box and arrow diagram
Exposure Pathway Model (EPM). This diagram should show the relationship between exposure
pathways and measurement receptors, and should be added to the risk assessment report in
addition to the information on the full food web.

Recommended Information for the Ecoscreen Report

. Assessment endpoints selected for guilds and communities (and rationale)

. Measures of effect selected for guilds and communities (and rationale)

. Revised conceptual site model

3.0 Exposure and Effects Analysis

3.1 Exposure Assessment

Exposure of ecological receptors to COPECs released from facility contaminant sources is
evaluated through consideration of exposurepathways. All exposurepathways identified as
potentially complete should be evaluated in the exposure assessment. The summation of this
potential exposure for all pathways to a measurement receptor quantifies the exposure of that
measurement receptor to a COPEC. Exposure assessments are conducted separately for each
community and each measurement receptor.

3.1.1. Assess exposure to community measurement receptors

Invertebrate species in each media (water, sediment, soil) are designated as community
measurement receptors. Since the primary exposure route for these types of measurement
receptors is through contact with the surrounding media, the assumption for a screening level
assessment is that the exposure for the receptor is equivalent to the COPEC concentration in the
media. For aquatic communities, the dissolved concentration of the COPEC is used, therefore
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filteredwater samples should be used to generate the exposure estimate.

3.1.2. Assess Exposure to Class-specific Guild Measurement Receptors

For this type of measurement receptor, the exposure is assessed by quantitatively estimating the
daily dose ingested of contaminated food items and abiotic media using the equation below.
This requires also knowing the concentration that may be present in the plant or animal food
item. Therefore, the COPEC concentration is also calculated for those measurement receptors
which will serve as food items for other measurement receptors.

DD = I,IRF x CF X PF X FF+ I, IRM X CMX PM

where: DD = daily dose ofCOPEC ingested (mg COPEC/kg BW-day)
IRF= measurement receptor daily ingestion rate (kglkg BW-day)
CF= COPEC concentration in the food item (mg COPEC/kg)
PF = proportion ofthe food item that is contaminated (unitless)
FF = fractionof dietconsistingof fooditem(unitless)
IRM= measurement receptor media ingestion rate ( kglkg BW-day [soil or sediment] or

L/kg BW-day [water])
CM= COPEC concentration in media (mglkg [for soil or sediment] or mg/L [for water])
PM=proportion of ingested media that is contaminated (unitless)

The equation used to estimate this daily dose ingested also contains the terms IRFand IRM,
which represent species-specific ingestion rates for food items and media (soil, sediment, or
water), respectively. Values for weight-specific food and media ingestion rates (IRFand IRM)
and average body weights for measurement receptors from the example food webs are given in
Appendix D and can be found in the WildlifeExposures Factor Handbook (EPA, 1993g). For
the screening assessment, one would assume that all food and media ingested came from the
contaminated site, so PFand PMwould be equal to one. Therefore, dose ingested by a receptor
can be calculated using the default values for these parameters and a value for the concentration
of the contaminant in media at the site.

For a screening level assessment, it is recommended that for receptors ingesting both plant and
animal food items (omnivores), the equation be solved for both "equal" and "exclusive" diets.
This approach allows the most complete evaluation of exposurepotential for a measurement
receptor and determination of exposurepathways associated with the highest potential risk for
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the receptor. This infonnation can be used to focus further site investigations and support risk
management decisions for a site. Under the "equal diet" scenario, each food type is assumed to
make up an equal fraction ofthe diet. For an omnivore the tenn FF= ~ for ingestion of plant
material and FF= ~ for ingestionof animalfood. Underthe "exclusivediet"scenario,FF= 1.0
for plant material and for animal food, and the equation is solved individually for each food type.
If specific dietary composition infonnation for the receptor is available, the daily dose of COPEC
ingested by a measurement receptor should be detennined by summing the contributions from
each type of food item that constitutes more than 5% ofthe total diet and from ingestion of each
type of abiotic media. In this case, FFwould be set equal to lIx, where x equals the number of
food items being evaluated using the equations. For use in this and the subsequent equations,
food and water ingestion rates must be given on a wet weight basis, while soil and sediment
ingestion rates must be given on a dry weight basis.

The daily dose calculation should use media COPEC concentrationsmeasured on site within the
habitat being evaluated. The tenn PFindirectly accounts for the size of the home range of the
measurement receptor by accounting for the fraction of the food item in a diet which is
uncontaminated. In the same way, PMaccounts for the size of the home range indirectly by
accounting for ingestion of uncontaminated media.

However, for a screening level assessment, 100%the ingested food items and ingested media are
assumed to be from the contaminated area (i.e., PFand PMare each assigned a value of 1.0).
Other assumptions recommended for screening level risk assessmentsinclude the assumption
that the total of COPEC concentrations in food items and media are bioavailable, and that each
individual species in a class-specific feeding guild is equally exposed, and that body weights and
food ingestion rates used represent the lower body weight and higher food and abiotic medium
ingestion rate of those available in the literature.

For contaminants that remain COPECs after this initial run, site-specific factors can be
substituted for the default values. For example, the ratio of the size of the contaminated area
divided by the size of the known home range for a receptor can be used to estimate a value for P
(this would represent an area use factor). Site-specificvalues substituted for default values in the
equations must be based on infonnation about the receptor known from the site or derived from
reliable literature sources

, .
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3.1.2.1 Estimate COPEC concentration in invertebrates, phytoplankton, and rooted
aquatic plants.

The preferred approach for detennining the COPEC concentration for these receptor groups is to
multiply a measured media-to-receptor bioconcentration factor (BCF)21by the concentration of
the COPEC in the media which the organism inhabits. This same method is applied in Section
3.1.2.2 to estimate uptake ofCOPECs from soilby terrestrial plants.

For aquatic invertebrates representing communities in water, COPEC concentration in the
organism is equivalent to the COPEC concentration in the water multiplied by the water to
invertebrate bioconcentration factor (BCFW-WI)'For benthic invertebratereceptors representing
sediment communities, the COPEC concentration in the organism is equivalent to the
concentration ofthe COPEC in the sediment multiplied by the sediment to benthic invertebrate
bioconcentration factor (BCFBs-BJ.The COPEC concentration in the soil based receptor is
equivalent to the concentration of the COPEC in the soil multiplied by the soil to invertebrate
bioconcentration factor (BCFS-INV)'

Empirical BCF values from the literature or site-specific studies should preferentially be used, if
available and appropriate. Information on whether BCFs have been derived based on a wet- or
dry tissue-weight basis should be provided. Recommended BCF values should be based on wet
tissue weight and dry media weight (except for water). Therefore, if empirical BCF values are
reported in the literature as dry tissue weight over dry soil weight, they should be converted to
wet weight over dry weight using known conversion factors for that species or the following
default conversion factors:

..

for soil-to-soil invertebrate or bed sediment-to-benthic-invertebrateor water-to-aquatic
invertebrate BCFs, by dividing the concentration in dry invertebrate by a factor of 5.99
(assuming an invertebrate's total weight is 83.3 percent [bymass] moisture) (pietz,
Peterson, Prater, and Zenz, 1984);
for water-to-algae BCFs, by dividing the concentration in dry algae tissue weight by a
factor of 2.92 (assuming an algae's total weight is 65.7 percent [by mass] moisture)
(Isensee, Kearney, Woolson, Jones, and Williams, 1973).

..

If empirical BCF values are unavailable, BCFs for organic compounds can be calculated using
regression equations and the log ~w, as shown below. Other proven and validated models for

21The bioconcentration factor is the ratio, at steady state, of the COPEC concentration in a food item to its
concentration in a medium.
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estimating BCFs may be chosen from the available literature, if those models are more
appropriate for the COPEC and organism being considered.

For soil-to-plant and sediment-to-plantBCFs (Southworthet. al.,1978)

log BCF = 1.588 - 0.578 log Kow

For soil-to-soil-invertebrate, water-to-algae,sediment-to-benthic-invertebrates,and water-
to-aquatic-invertebrate BCFs (Southworthet. al.,1978),

log BCF = 0.819 log Kow-1.146

For water-to-fish BCFs (Travis and Anns, 1988),

log BCF = 0.76 * log Kow-0.23

For inorganic compounds for which laboratory or empiricaldata are unavailable, values for
BCFs can be calculated from the arithmetic mean of values for BCFs of other inorganic
compounds.

Appendix E presents BCFs for a number of compoundswhich are commonly COPECs for the
following media-to-receptor combinations:

~ soil to soil invertebrate

~ soil to plant/sediment to rooted plant
~ water to aquatic invertebrate
~ water to algae
~ water to fish
~ sediment to benthic invertebrate
~

The derivation for each ofthese BCFs is explained in the text portion of Appendix E.

3.1.2.1.1 Derivation of BCFs Using Equilibrium Partitioning

It is also possible to derive BCFs for soil invertebrates (Connell and Markwell, 1990) and
benthic invertebrates (US EPA, 1993h)using the equilibriumpartitioning approach. Equilibrium
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partitioning assumes that the concentrationin those organisms is in equilibrium with the
concentration in the environment. This approachrequires knowledge of the organic carbon
fraction data for soil and sediment. The approachis only applicable for hydrophobic nonionic
organic compounds for which an empiricalwater bioconcentration factor is known. The
equilibrium partitioning approach is based on the equation below:

C1 = CIW * BCFWI

where: C1= COPEC concentrationin the soil or benthic invertebrate (mglkg)
C1w= COPECconcentrationin soilor sedimentinterstitialwater(mgIL)
BCFWI= Bioconcentration factor for media to invertebrate (L/kg)

The concentration in interstitial water can be calculatedusing:

CIW = CM /(foe * Koe)

CIW = COPEC concentration in soil or sediment interstitial water (mgIL)
foe= fraction of organic carbon in soil or sediment (unitless)
Koc = organic carbon partitioning coefficient (L/kg)
CM = COPEC concentration in soil/sediment(mglkg)

3.1.2.2 Estimate COPEC concentration in terrestrial plants

Uptake of COPECs by terrestrial plants may occur through root uptake of contaminants in soil
and groundwater (pr). COPEC concentrationdue to this uptake is described by the equation
below which can be used to convert soil concentrationsof COPECs into expected concentrations
in the aboveground portion of the plant due to root uptake. This equation incorporates a BCF
obtained using the methods in Section 3.1.2.1.

Pr = Cs * BCFr * 0.12

Pr = plant concentrationdue to root uptake (mg COPEC/ kg WW)
BCFr= soil-to-plant biotransfer factor (unitless)
Cs = COPEC concentration in soil (mg COPEC/kgDW soil)
0.12 = Dry weight to wet weight conversion factor (unitless)

This equation is based on Travis and Anus (1988),modified with a dry weight to wet weight
conversion factor of 0.12 from Taiz et al (1991). Values for BCFr are reproduced in Appendix E
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ofthis document. Literature values for BCFrmay also be used; sources should be checked to
make certain the factors are for root uptake to the abovegroundportion of the plant. At some
sites vapor transfer from air to the plant or direct deposition of contaminants onto the plant may
contribute to the COPEC concentration within the plant. An examination of both the site
characteristics and the contaminant properties is needed to determine if these two pathways will
contribute to the COPEC concentration in the plant material for a given site.

3.1.2.3. Estimate COPEC concentration in fish

The COPEC concentration in a fish species includes both a BCF to account for uptake from the
water media and a trophic level specific food chain multiplier (FCM). The FCM must be
appropriate for the trophic level of the fish species. The equation for the COPEC concentration
IS:

CF=BCF * FCM * Cdw

CF= COPEC concentration in fish (mglkg)
BCF = bioconcentration factor for water-to-fish (L/kg)
FCM = food chain multiplier for trophic level offish (unitless)
Cdw=dissolvedCOPECconcentrationin water(mg/L)

Since most BCFs for fish are developed using the dissolved concentration of the COPEC in
water, dissolved concentrations are used in the above equation. This means that water samples
used to determine the COPEC concentration for this equation should be filtered water samples.
The FCM derivation is discussed below; recommended values for food chain multipliers are
given in Appendix F.

3.1.2.3.1 Derivation of Food Chain Multipliers (FCMs)

Food Chain Multipliers (FCMs) are used to model COPEC concentrations in fish that are
ingested as food items by a measurement receptor. These FCMs account for biomagnification
through the food chain, and include the conservativeassumption that compounds are not
metabolized. Determining the FCM from the table in Appendix F relies on knowing both the
Kowof the COPEC and the trophic level of the consumer of the fish as determined during the
food web development. The trophic level specific FCMs in the table were derived using the
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bioaccumulation factor (BAF22)reported on a lipid-normalized basis using the freely dissolved
concentration of a chemical in the water (Llkg) reported in Gobas (1993). The BAFs were based
on chemical uptake, rate of compound depuration, metabolism, and dilution (due to growth) in
fishes.

FCM = BAF/( Kow)

BAF = bioaccumulation factor (Llkg)
Kow= compoundspecificoctanol-waterpartitioncoefficient( Llkg)

Since the Kowof a compound approximates its bioconcentration factor (BCF) reported on a lipid-
normalized basis using the freely dissolved concentration of the chemical in water, the above
equation can also be written as:

FCM = BAF/BCF

FCM = Food chain multiplier for the trophic level of the prey ingested by a
measurement receptor (unitless)

BAF = Bioaccumulation factor for a measurement receptor (unitless)
BCF = Media-to-plant/invertebratebioconcentration factor (unitless)

For inorganic chemicals, the FCM is assumed to be one. The FCMs always relate back to the
first trophic level (not necessarily the trophic level directly consumed), so a ratio ofFCMs is
used (in the form ofFCMx+I/FCMx,with x representing the trophic level of the prey item and x +
1 the trophic level of the predator) to estimate COPEC concentrations in the following sections.
This ratio ofFCMs is equivalent to the biomagnification factor (BMF) which may be more
familiar.

3.1.2.4. Estimate COPEC concentrationin mammals, birds, amphibians, and reptiles
(terrestrial vertebrates)

Equations for generating COPEC concentrations for land vertebrates are specific to each feeding
guild (i.e., herbivore, omnivore, and carnivore) and include terms for plants, animals, and media
ingested. Each equation includes a term for a ratio ofFCMs to account for biomagnification.
The equations for mammals and birds in each of the three feeding guilds are presented in the

22Bioaccurnulation is the result of combined uptake from both food and abiotic media, and must be measured at
steady-state, when the rate of uptake is balanced by the rate of excretion.
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following subsections. Values for FCMs and BCFs for these equations for the measurement
receptors in the example food webs appear in Appendix F of this document.

3.1.2.4.1 Derivation of Food Chain Multipliers (FCMs) for Terrestrial Mammals and Birds

The FCMs provided in Appendix F were developed to model COPECconcentrations in fish as
part of EPA's Great Lakes study. To date, most bioaccumulation studies have been done on fish.
Although applying FCMs derived from aquatic food web data to terrestrial receptors, regardless
of whether their food is aquatic or not, may introduce an uncertainty,these FCMs can be used in
this relatively simple screening model. Because this uncertaintymay overestimate potential
exposures, its impact on the risk estimates should be discussed in the uncertainty analysis section
of the ecoscreen report. The equations developed by EPA to estimatethe COPEC concentrations
in prey items include terms to account for biomagnification through the use of an FCM. Since
the FCMs always relate back to the first trophic level (not necessarilythe trophic level directly
consumed), a ratio ofFCMs is used (in the form of FCMx+1/FCMx, with x representing the
trophic level of the prey and x + 1 representing the trophic level of the predator) in the equations.
This ratio ofFCMs is equivalent to the biomagnification factor (BMF) which may be more
familiar. In order to develop FCMs specifically for mammals or birds, one would need the
BAFs for those species and the BCFs for their prey.

3.1.2.4.2. COPEC Concentration in Terrestrial Mammals or Birds

The specific BCF terms for wildlife measurement receptors incorporatedin the subsequent
COPEC concentration equations can be found in Appendix F of this document or obtained from
the literature.

For herbivorous mammals or birds,

CHM = (CTP * BCFTP-HM * PTP * FTP) + (Cs * BCFs-HM * Ps) + (Cwetat * BCFw-HM * Pw)

CHM = COPEC concentration in herbivorous mammals or birds (mg/kg WW tissue)
CTP= COPEC concentration in terrestrial plants (mglkg WW)
BCFTP-HM= terrestrial plant-to-herbivorous mammal or bird bioconcentration factor

(unitless)
PTP= ratio of contaminated to total terrestrial plant in diet (unitless)
FTP= fraction of diet comprised of terrestrial plants (unitless)

i
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Cs = COPEC concentration in soil (mglkg DW)
BCFs-HM= soil-to-herbivorous mammal or bird bioconcentrationfactor (unitless)
Ps = ratio of contaminated to total ingested soil

Cwctot= total COPEC concentration in water column(mg/L)
BCFw-HM= water-to-herbivorous mammal or bird bioconcentration factor (L/kg)
Pw = ratio of contaminated to total ingested water

For omnivorous mammals or birds, the following equationshould be adapted to include only
the terms for items in the omnivore's diet. For example,if an omnivorous bird species does not
consume herbivorous birds as part of its diet, the term (CHB* (FCMTu/FCMTLz)* PHB* FHB)
should be left out of the equation.

COM= (CINV* (FCMTL3/FCMTLz) * PINV* FINV)+ (CTP * BCFTP-OM* PTP * FTP)

+ (CHM* (FCMTL3/FCMTLz) * PHM* FHM) + (CHB* (FCMTu/FCMTL2) * PHB* FHB)
+ (Cs * BCFs-OM * Ps) + (Cwctot* BCFw-OM* Pw)

COM = COPEC concentration in omnivorous mammal or bird (mglkg WW tissue)
CINV = COPEC concentration in invertebrates (mglkg WW tissue)

(FCMTu/FCMTL2)= food chain multiplier for trophic level 3 predator consuming trophic
level 2 prey (unitless)

PINY=ratio of contaminated to total invertebratesin diet (unitless)
FINY= fraction of diet composed of invertebrates (unitless)
CTP= COPEC Concentration in terrestrial plants ingestedby the mammal (mglkg WW)
BCF TP-OM= terrestrial plant to omnivorousmammal or bird bioconcentration factor

(unitless)

PTP= ratio of contaminated to total plants in diet (unitless)
FTP=fractionof dietcomposedof plants(unitless)
CHB= COPECconcentrationin herbivorousbirdsingestedby themammalor bird

(mg/kg WW tissue)
PHB=ratioof contaminatedto totalherbivorousbirdsin diet(unitless)
FHB= fractionof dietcomposedof herbivorousbirds(unitless)
CHM= COPEC concentration in herbivorous mammals ingestedby the mammal or bird

(mg/kg WW tissue)

PHM= ratio of contaminated to total herbivorousmammals in diet (unitless)
FHM= fraction of diet composed of herbivorous mammals (unitless)
Cs = COPEC concentration in soil (mglkg DW)
BCFs-OM= soilto omnivorousmammalor birdbioconcentrationfactor(unitless)
Ps = ratio of contaminated to total soil ingested (unitless)
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Cwctot=total COPECconcentrationin watercolumn(mg/L)
BCFw-OM= water to omnivorous mammal or bird bioconcentration factor (unitless)
Pw= ratio of contaminatedto total water ingested (unitless)

For carnivorous mammalsor birds in both terrestrial and fteshwater ecosystems, prey items
can come ftom several trophic levels. Therefore, the equation is expressed as the summation of
contributions of terms for all prey items. The COPEC concentration in carnivorous mammals
and birds is needed only for food webs in which these species serve as prey items for other
carnivores (this occurs in the model food webs for the playa lake and the Chihuahuan Desert):

CCM = I'cCx * (FCMTL4/FCMTL0* Px * F0 + (Cs * BCFs-CM* Ps)
+ (Cwctot* BCFw-CM* Pw)

CCM = COPEC concentration in omnivorous mammal or bird (mg/kg WW tissue)
Cx = COPEC concentration in prey item X (mg/kg WW tissue)
(FCMTL4/FCMTLx)= food chain multiplier for trophic level 4 predator consuming trophic

level X prey (unitless)
Px =ratio of contaminatedto total prey item X in diet (unitless)
Fx = ftaction of diet composed of prey item X (unitless)
Cs =COPEC concentration in soil (mg/kg DW)
BCFs-CM= soilto carnivorousmammalorbirdbioconcentrationfactor(unitless)
PS = ratio of contaminatedto total soil ingested (unitless)

Cwctot= total COPEC concentration in water column (mg/L)
BCFw-CM= waterto carnivorousmammalor birdbioconcentrationfactor(unitless)
Pw=ratio of contaminated to total water ingested (unitless)

3.1.2.4.3. COPEC Concentrationin Reptiles and Amphibians

Equations for mammal and bird can also be used to model the COPEC concentrations in
amphibians and reptiles, assuming that appropriate biotransfer and toxicity factors can be located
in the literature. However, the availability ofbiotransfer and toxicity data for reptiles and
amphibians is currently very limited. Ingestion rates specific to reptile and amphibian species
would have to be developed, since these species may eat much less ftequently than mammals or
birds.
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3.1.2.5 Estimate COPEC Concentration in Freshwater Mammals and Birds

For herbivorous riparian/wetland mammals or birds,

CHM = (CAv * BCF AV-HM* P AV * F AV) +(CAL * BCF AL-HM* PAL * F AL)

+ (CSED * BCFBs-HM * PBs) + (Cwctot * BCFw-HM * Pw)

CHM = COPEC concentration in herbivorous riparian/wetlandmammals or birds (mg/kg
WW tissue)

CAY= COPEC concentration in aquatic vegetation (mglkg WW)
BCFAV-HM= aquaticvegetation-to-herbivorousmammalorbirdbioconcentrationfactor

(unitless)
PAV=ratioof contaminatedto totalaquaticvegetationin diet(unitless)
FAV = fraction of diet comprised of aquatic vegetation (unitless)
CAL= COPEC concentration in algae (mglkg WW)
BCFAL-HM = algae-to-herbivorousmammal or bird bioconcentration factor (unitless)
PAL = ratio of contaminated to total algae in diet (unitless)
FAL = fraction of diet comprised of algae (unitless)
CSED=COPECconcentrationin sediment(mg/kgDW)
BCFBs-HM= sediment-to- aquatic herbivorous mammal or bird bioconcentration factor
(unitless)

PBs= ratio of contaminated to total ingested bed sediment (unitless)
Cwctot= total COPEC concentration in water column (mg/L)
BCFw-HM= water-to-aquatic herbivorous mammal or bird bioconcentration factor (unitless)
Pw = ratio of contaminated to total ingested water (unitless)

For omnivorous mammals or birds, the following equation should be adapted to include only
the terms for items in the omnivore's diet. For example, if an omnivorous bird species does not
consume herbivorous birds as part of its diet, the term (CHB* (FCMTL3/FCMTLZ)* PHB* FHB)
should be left out of the equation.

COM= (CBI * (FCMTu/FCMTLz) * PBI * FBI) +(CWI * (FCMTu/FCMTLz) * PWI* FWI)

+ (CHM* (FCMTL3/FCMTLZ) * PHM* FHM) + (CHB* (FCMTU/FCMTLz) * PHB* FHB)

+ (CAL * BCF AL-OM* PAL * F AL) + (CAv * BCF AV-OM* P AV* F AV)

+ (CSED * BCFBs-OM * PBs) + (Cwctot * BCFw-OM * Pw)

COM= COPEC concentration in aquatic omnivorous mammal or bird (mglkg WW tissue)
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CBI = COPEC concentration in benthic invertebrates (mglkg WW tissue)
FCMTL3/FCMTL2= food chain multiplier for trophic level 3 predator consuming trophic

levelZ prey (unitless)
PBI = ratio of contaminated to total benthic invertebrates in diet (unitless)
FBI = fraction of diet composed of benthic invertebrates (unitless)
CWI= COPEC concentration in water invertebrates (mglkg WW tissue)
PWI= ratio of contaminated to total water invertebrates in diet (unitless)
FWI = fraction of diet composed of water invertebrates (unitless)
CHM= COPEC concentration in herbivorous mammals ingested by the mammal or bird

(mglkg WW tissue)
PHM= ratio of contaminated to total herbivorous mammals in diet (unitless)
FHM= fraction of diet composed of herbivorous mammals (unitless)
CHB= COPEC concentration in herbivorous birds ingested by the mammal or bird (mglkg

WW tissue)
PHB= ratio of contaminated to total herbivorous birds in diet (unitless)
FHB = fraction of diet composed of herbivorous birds (unitless)
CAL= COPEC Concentration in algae ingestedby the mammal or bird (mglkg WW)
BCFAL-OM = algae to omnivorous mammal or bird bioconcentration factor (unitless)
PAL= ratio of contaminated to total algae in diet (unitless)
FAL = fraction of diet composed of algae (unitless)
CAy = COPEC Concentration in aquatic vegetation ingestedby the mammal or bird (mglkg

WW)
BCFAV-OM = aquatic vegetation to omnivorous mammal or bird bioconcentration factor

(unitless)
PAV = ratio of contaminated to total aquatic vegetation in diet (unitless)
FAV = ftaction of diet composed of aquatic vegetation (unitless)
CSED= COPEC concentration in bed sediment (mglkg DW)
BCFBs-OM= bed sediment to omnivorous mammal or bird bioconcentration factor (unitless)
PBs= ratio of contaminated to total soil ingested (unitless)

Cwctot= total COPEC concentration in water column (mg/L water)
BCFw-OM= water to omnivorous mammal or bird bioconcentration factor (unitless)
Pw = ratio of contaminated to total water ingested (unitless)

3.1.2.6. Estimate COPEC Dose Ingested by Mammals, Birds, Amphibians, and Reptiles
(Terrestrial Vertebrates)

The set of equations in the following subsections calculate the dose ingested for different feeding
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guilds. These dose ingested equations estimate the exposure of members of the guild to the
COPEC; these values are then compared to Toxicity ReferenceValues (TRVs) as described in
Section 3.2.

3.1.2.6.1. COPEC Dose Ingested by Terrestrial Mammals and Birds

For herbivorous terrestrial mammals and birds,

DHM = (CTP * IRHM * PTP * FTP) + (Cs * IRs-HM * Ps) + (CWCTOT* IRw-HM * Pw)

DHM = daily dose of COPEC ingested by herbivorous bird or mammal
(mg COPEC/kg BW-day)

CTP= COPEC concentration in terrestrial plants (mg/kg WW)
IRHM= food ingestion rate of herbivorous mammal or bird in (kg WW/ kg BW-day)

PTP= ratio of contaminated to total terrestrial plant in diet (unitIess)
FTP= fraction of diet comprised ofterrestrial plants (unitIess)
Cs = COPEC concentration in soil (mg/kg DW)
IRs-HM= soilingestionrate of omnivorousmammalorbird (kgDW/kgBW-day)
Ps = ratio of contaminated to total ingested soil (unitless)
CWCTOT=totalCOPECconcentrationinwatercolumn(mg/L)
IRw-HM=wateringestionrate ofherbivorousmammalor bird (L/kgBW-day)

Pw = ratio of contaminated to total ingested water (unitless)

For omnivorous terrestrial mammals or birds, the following equation should be adapted to
include only the tenus for items in the omnivore's diet. For example, if an omnivorous bird
species does not consume herbivorous birds as part of its diet, the tenu (CHB* IRoM* PHB* FHB)
should be left out of the equation.

~=~HM*~*~*~+~*~*~*~+~~*~*~*F~
+ (CTP * IRoM * PTP * FTP) + (Cs * IRS-OM * Ps ) + (CWCTOT* IRW-OM* Pw)

DOM = daily dose of COPEC ingested by omnivorous bird or mammal
(mg COPEC/kg BW-day)

Revision 1.0
3/24/2000
Page 57



Guidancefor Assessing Ecological Risks Posed by Chemicals: Screening Level Ecological Risk Assessment
HRMB Guidance Document

CHM =COPEC concentration in herbivorous mammals or birds (mglkg WW tissue)
IRoM= food ingestion rate of omnivorous mammal or bird (kg WW/ kg BW -day)

PHM= ratio of contaminated to total herbivorous mammal in diet (unitless)
FHM= fraction of diet comprised of herbivorous mammals (unitless)
CHB= COPEC concentration in herbivorous birds (mglkg WW tissue)
PHB= ratio of contaminated to total herbivorous birds in diet (unitless)
FHB= fraction of diet comprised of herbivorous birds (unitless)
CINY= COPEC concentration in invertebrates (mg/kg WW tissue)
PINY= ratio of contaminated to total invertebrates in diet (unitless)
FINY = fraction of diet comprised of invertebrates (unitless)
CTP= COPEC concentration in terrestrial plants (mg/kg WW)
PTP= ratio of contaminated to total terrestrial plant in diet (unitless)
FTP= fraction of diet comprised of terrestrial plants (unitless)

Cs = COPEC concentration in soil (mglkg DW)

IRS-OM= soil ingestion rate of omnivorous mammal or bird (kg DW/kg BW-day)
Ps = ratio of contaminated to total ingested soil (unitless)
CWCTOT= total COPEC concentration in water column (mgiL water)
IRW-OM= water ingestion rate of omnivorous mammal or bird (L/kg BW-day)

Pw = ratio of contaminated to total ingested water (unitless)

For terrestrial carnivorous mammals and birds,

~=~*~M*~*~+~*~M*~*~+~~*~M*~*~~
+ (CHM* ~M * PHM* F~ + (Cs * IRS-CM* Ps ) + (CWCTOT* IRW-CM* Pw)

DCM = daily dose of COPEC ingested by carnivorous bird or mammal
(mg COPEC/kg BW -day)

CHB= COPEC concentration in herbivorous (mg/kg WW tissue)
~M = food ingestion rate of carnivorous mammal or bird (kg WW/ kg BW -day)

PHB= ratio of contaminated to total herbivorous birds in diet (unitless)
FHB= fraction of diet comprised of herbivorous birds (unitless)
COB= COPEC concentration in omnivorous birds (mglkg WW tissue)
POB= ratio of contaminated to total omnivorous birds in diet (unitless)
FOB= fraction of diet comprised of omnivorous birds (unitless)
COM= COPEC concentration in omnivorous mammals (mglkg WW

tissue)

POM = ratio of contaminated to total omnivorous mammals in diet (unitless)
FOM= fraction of diet comprised of omnivorous mammals (unitless)
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CHM = COPEC concentration in herbivorous mammals (mglkg WW)
PHM= ratio of contaminated to total herbivorous mammals in diet (unitless)
FHM = fraction of diet comprised of herbivorous mammals (unitless)
Cs = COPEC concentration in soil (mg COPEC/kg DW)
IRS-CM= soil ingestion rate of carnivorous mammal or bird (kg DW/kg BW-day)
PS= ratio of contaminated to total ingested soil (unitless)
CWCTOT= total COPEC concentration in water column (mg/L water)
IRw-CM= wateringestionrate of carnivorousmammalor bird (L/kgBW-day)
Pw=ratioof contaminatedto totalingestedwater(unitless)

3.1.2.6.2. COPEC Dose Ingested by Reptiles and Amphibians

Equations for mammal and bird can also be used to model the COPEC concentrations in
amphibians and reptiles, assuming that appropriate ingestion rate and dietary composition
information can be located in the literature. However, the availability of these data for reptiles
and amphibians is currently very limited. Ingestion rates specific to reptile and amphibian
species would have to be developed, since these species may eat much less frequently than
mammals or birds.

3.1.2.7. Estimate COPEC Dose Ingested by Freshwater Mammals and Birds

For herbivorous riparian/wetland mammals and birds,

DHM = (CAv * IRHM * P AV* F AV)+ (CAL * IRHM * PAL * F AL) + (CSED * IRs-HM * Ps)

+ (CWCTOT* IRw-HM * Pw)

DHM=dailydoseof COPECingestedby herbivorousbird or mammal
(mgCOPEC/kgBW-day)

CAy = COPEC concentration in aquatic vegetation (mglkg WW)
IRHM= food ingestion rate of aquatic herbivorous mammal or bird

(kgWW/kg BW-day)
PAV = ratio of contaminated to total aquatic vegetation in diet (unitless)
FAV = fraction of diet comprised of aquatic vegetation (unitless)
CAL= COPEC concentration in algae (mglkg WW)
PAL= ratio of contaminated to total terrestrial plant in diet (unitless)
FAL = fraction of diet comprised of algae (unitless)
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CSED = COPEC concentration in bed sediment (mglkg DW)
IRs-HM= soil ingestion rate of aquatic herbivorous mammal or bird

(kg DW /kg BW -day)
PS= ratio of contaminated to total ingested bed sediment (unitless)
CWCTOT= total COPEC concentration in water column (mgILwater)
IRw-HM=water ingestion rate of aquatic herbivorous mammal or bird

(L/kg BW -day)
Pw = ratio of contaminated to total ingested water (unitless)

For omnivorous mammals or birds, the following equation should be adapted to include only
the terms for items in the omnivore's diet. For example, if an omnivorous bird species does not
consume herbivorous birds as part of its diet, the term (CHB* lRoM* PHB* FHB)should be left out
of the equation.

DOM = (CHM * lRoM * PHM* F~ + (CHB* !RoM * PHB* FHB)+ (CBI * lRoM * PBI * FBJ +

(CWI * !RoM * PWI * FwJ + (CAv * !RoM * P AV* F AV)+ (CAL * lRoM * PAL * F AL) + (CSED

* IRS-OM * Ps) + (CWCTOT* IRW-OM* Pw)

DOM = daily dose of COPEC ingested by omnivorous bird or mammal
(mg COPEC/kg BW-day)

CHM=COPECconcentrationin herbivorousmammals(mglkg WW)
lRoM= food ingestion rate of omnivorous mammal or bird

(kg WW/ kg BW-day)
PHM= ratio of contaminated to total herbivorous mammal in diet (unitless)
FHM= fraction of diet comprised of herbivorous mammals (unitless)
CHB= COPEC concentration in herbivorous birds (mglkg WW)
PHB=ratio of contaminated to total herbivorous birds in diet (unitless)
FHB= fraction of diet comprised of herbivorous birds (unitless)
CBI= COPEC concentration in benthic invertebrates (mglkg WW)
PBI = ratio of contaminated to total benthic invertebrates in diet (unitless)
FBI = fraction of diet comprised of benthic invertebrates (unitless)
CWI= COPEC concentration in water invertebrates (mglkg WW)
PWI= ratio of contaminated to total water invertebrates in diet (unitless)
FWI= fraction of diet comprised of water invertebrates (unitless)
CAy = COPEC concentration in aquatic vegetation (mglkg WW)
P AV = ratio of contaminated to total aquatic vegetation in diet (unitless)
F AV = fraction of diet comprised of aquatic vegetation (unitless)

Revision 1.0
3/24/2000

Page 60



Guidancefor Assessing Ecological Risks Posed by Chemicals: Screening Level Ecological Risk Assessment
HRMB GuidanceDocument

CAL = COPEC concentration in algae (mglkg WW)
PAL=ratio of contaminated to total algae in diet (unitless)
FAL = fraction of diet comprised of algae (unitless)

CSED= COPEC concentration in bed sediment (mglkg DW)
IRs.-OM=soil ingestion rate of aquatic omnivorous mammal or bird

(kg DW/kg BW-day)
Ps = ratio of contaminated to total ingested bed sediment (unitless)
CWCTOT= total COPEC concentration in water column (mg/L water)
IRW-OM= water ingestion rate of aquatic herbivorous mammal or bird

(L/kg BW-day)
Pw = ratio of contaminated to total ingested water (unitless)

For carnivorous riparian/wetland mammals and birds,

~=~~*~M*~*~+~*~M*~*~+~*~M*~*~+
~*~*~*~+~~*~M*~*~+~~*~*~*~+
(CSED * IRS-CM * Ps) + (CWCTOT* IRw-CM * Pw)

DCM = daily dose of COPEC ingested by carnivorous bird or mammal
(mg COPEC/kg BW -day)

C~ = COPEC concentration in herbivorous birds (mglkg WW tissue)
~M = food ingestion rate of carnivorous mammal or bird (kg WW/ kg BW -day)

P~ = ratio of contaminated to total herbivorous birds in diet (unitless)
F~ = fraction of diet comprised of herbivorous birds (unitless)

COF= COPEC concentration in omnivorous fishes (mglkg WW tissue)
POF= ratio of contaminated to total omnivorous fish in diet (unitless)
FOF= fraction of diet comprised of omnivorous fish (unitless)

CCF= COPEC concentration in carnivorous fish (mglkg WW tissue)
PCF= ratio of contaminated to total carnivorous fish in diet (unitless)
FCF= fraction of diet comprised of carnivorous fish (unitless)
COB= COPEC concentration in omnivorous birds (mglkg WW tissue)
POB= ratio of contaminated to total omnivorous birds in diet (unitless)
FOB = fraction of diet comprised of omnivorous birds (unitless)
COM= COPEC concentration in omnivorous mammals (mglkg WW tissue)
POM = ratio of contaminated to total omnivorous mammals in diet (unitless)
FOM= fraction of diet comprised of omnivorous mammals (unitless)
C~ = COPEC concentration in herbivorous mammals (mglkg WW tissue)
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PHM =ratio of contaminatedto total herbivorous mammals in diet (unitless)
FHM= fTactionof diet comprisedof herbivorous mammals (unitless)
CSED= COPEC concentrationin bed sediment (mg/kg DW)
IRS-CM= soil ingestion rate of aquatic carnivorousmammal or bird

(kg DW/kg BW-day)

Ps = ratio of contaminated to total ingested bed sediment (unitless)
CWCTOT= total COPEC concentrationin water column (mg/L water)
IRW-CM= water ingestion rate of aquatic carnivorous mammal or bird

(L/kg BW-day)
Pw = ratio of contaminated to total ingested water (unitless)

3.2 Toxicity Assessment

Toxicity of a COPEC is assessed by identifyingtoxicity reference values (TRVs) specific to a
COPEC and to the measurement receptorbeing evaluated. The TRV is the dose for a
measurement receptor that is likely to be without appreciable risk of deleterious effects from
chronic exposure. TRVs are therefore developedbased on a no-observed-adverse-effect level
(NOAEL) for a particular COPEC, except for aquatic and sediment receptors (see Section 3.2.1).
NOAELs are derived experimentallyor by applyinguncertainty factors to available toxicity data.
Since a screening level ecological risk assessmentshould protect against chronic effects, the
chronic NOAEL should be used as the toxicity value endpoint to determine the TRV.

For lower trophic level communities, these TRVs are presented as media levels (in mglkg [soil or
sediment] or mg/L [water]), since we have assumedthat the level of COPEC in these organisms
will be proportional to the concentrationfound in the media. -

TRVs for upper trophic level class-specificguilds are expressed in terms of dose ingested (in
mg/kg BW/day). The ingested dose can be calculatedusing the methods explained in section
3.1 from the media concentrations to which both the measurement receptor and its prey items are
exposed.

TRVs for COPECs can be determined fTomtoxicity values derived from a number of sources.
Values for TRVs specific to the measurementreceptors presented in the food webs in this
guidance document are presented in Appendix G. In order of decreasing general preference,
these sources are:

l -

~
toxicity values used by regulatory agencies (standards, criteria, guidance, benchmarks)

!- -
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These values are typically developed for surfacewater and sediment such as state or
national ambient water quality criteria (AWQC) for surfacewater and NOAA Effects
Range-Low (ER-L) criteria for sediment.

~ toxicityvaluespublishedin thescientificliterature
~ toxicityvaluesgeneratedforsedimentusingequilibriumpartitioning
~ toxicityvaluesfromsurrogatecompounds

3.2.1 Toxicity Values for Community MeasurementReceptors

Surface Water

The preferred toxicity reference values (TRVs) for surface water measurementreceptors are the
CUITentNew Mexico chronic numeric water quality standards for fisheries and wildlife habitat
(NM WQCC, Appendix I or current revision) or the chronicNational Recommended Water
Quality Criteria (NRWQC) for the protection of freshwater aquatic life (US EPA, 1999c),
whichever is more stringent. The chronic NRWQC or the criterion continuous concentration
(CCC) is defined as an estimate ofthe highest concentration of a chemical in surface water to
which an aquatic community can be exposed indefinitely without resulting in an unacceptable
effect. These criteria are intended to be protective of the vast majority of the aquatic
communities in the United States. The NRWQC for several metals are functions of water
hardness. The criteria that are hardness-dependentwere calculatedusing a hardness of 100 mg/L
as CaC03. Therefore, for sites with differentwater hardness, site-specific criteria should be
calculated from the formulas for hardness correction included in footnotes to individual
chemicals. If the site-specific water hardness is greater than 400 mg/L as CaC03 , a factor of 400
mgIL should be used. If the site-specific hardness is less than 50 mgIL as CaC03, a factor of 50
mg/L should be used.

Secondary chronic values (SCVs) should be used for chemicals that do not have NRWQC. The
SCVs were developed using the Tier II method described in the Great Lakes Water Quality
Initiative (GLWQI) (40 CFR 122 et a1.). Using Tier II method, SCVs were calculated with less
than the complete minimum data (e.g., tests for species from eight families of aquatic organisms)
required for the NRWQC calculation. The Tier II method used statistically derived "adjustment
factors" to calculate a SCV value. The adjustment factor decreases as the number of
representative families increases. The SCVs or Tier II values can be obtained from the EPA's
Office of Solid Waste and Emergency Response ECO Update (US EPA, 1996b). The Eco
Update includes 34 Ecotox Thresholds (ETs) developed by Suter and Mabrey (1994) using the
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GLWQI Tier II method. These ETs have been reviewed by EPA and verified for accuracy.

If neither NM WQCC, NRWQC, or SCVs are available for a chemical, the EPA Region IV
chronic surface water screeningvalues can be used (US EPA Region IV, 1995a). These values
were derived by taking the lowest reported effect level and dividing by 10. Values for metals
assume a hardness of 50 mg/L as CaC03. A footnote on the Region IV table gives the equation
for adjusting the hardness value for those values which are hardness dependent. These screening
values are appropriate for pH range between 6.5 and 9.0 (US EPA Region IV, 1995a).

Sediment

TRVs from studies using freshwater sediments have the highest priority. The following literature
sources should be consulted to obtain TRVs for sediment measurement receptors:

.. Proposed Sediment Quality Criteria (SQC) published by EPA's Office of Water
(Federal Register, January 18, 1994) for acenaphthene, dieldrin, endrin,
fluoranthene, and phenanthrene (US EPA, 1993a- e). Thesevalueswerederived
using the equilibrium partitioning (EqP) method described in Technical Basisfor
Deriving Sediment Quality Criteriafor Nonionic Organic Contaminantsfor the
Protection of Benthic Organisms by Using Equilibrium Partitioning (US EPA,
1993f). The equation for estimating the SQC is:

SQC = foe X Koe X FCV

Where:

foe = mass fraction of organic carbon for sediment
Koe = organic carbon partition coefficient
FCV = fmal chronic value from chronic Ambient Water Quality

Criteria (AWQC)

These SQC can be obtained from the EPA's Office of Solid Waste and
Emergency Response ECO Update(US EPA, 1996b). The SQC values presented
in the ECO Updateare normalized to 1 percent organic carbon and represent the
lower limit of the 95 percent confidence interval reported in the criteria
documents. This results in some degree of conservatism required for screening
purposes.

.. Sediment Quality Benchmarks (SQBs) derived by the EPA' Office of Water and
Office of Solid Waste. The SQBs are calculated using the same EqP approach as
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the SQC except that Tier II surface water SCVs are substituted for the AWQC or
FCV in the calculation. The SQBs are presented in the ECD Update (US EPA,
1996b). They are normalized to 1 percent organic carbon in sediment.

~ Canadian Sediment Quality Guidelines (SQGs) (Environment Canada, 1995) can
be applied as the sediment TRVs if all the above sediment values (i.e., SQC,
SQBs, and ER-Ls) are unavailable. The SQGs were developed using the
methodology described in a formal protocol (Canadian Council of Ministers of the
Environment, 1995).

~ Effects Range Low (ER-L) value should be used as the sediment TRVs if neither
an SQC nor an SQB is available. ERLs are included in the "effects range
approach" initially developed for the National Oceanic and Atmospheric
Administration's (NOAA's) National Status and Trends Program, by Long and
Morgan (1990). The Long and Morgan method was revised by MacDonald
(1992). Subsequently the ER-L values were revised using the MacDonald method
by Long et al. (1995) and as such they are presented in the ECD Update (US EPA,
1996b). While Long and Morgan (1990) values were based on data from
freshwater, estuarine, and marine sediments, Long et al. (1995) derived values
based on data from estuarine and marine sediments using modeling techniques, as
well as laboratory and field studies.

Trace metals data were taken only from studies using a strong acid digestion
techniques. No-effects, possible-effects, and probable-effects were developed.
The ER-L values represent the lower 10thpercentile concentration associated with
observation of biological effects. According to this method, concentrations below
the ER-L should rarely be associated with adverse effects. The ECD Update (US
EPA, 1996b) notes that there is relatively low correlation between the incidence of
effects and the ER-L's for mercury, nickel, total PCBs, and DDT and that the ER-
Ls for these four chemicals should be used cautiously.

~ NOAA has developed Screening Quick Reference Tables, or SQuiRTs, that
include multiple sediment screening values representing the entire spectrum of
contaminant concentrations which have been associated with potential adverse
effects. The SquiRTs tables are available from NOAA at
http://response.restoration.noaa.gov/living/SQuiRT/SQuiRT.html.
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3.2.2. Types of Toxicity Test Data for Guild Measurement Receptors

Toxicity values from the literature should be evaluated based on exposure duration, study
endpoints, and ecological relevance for the measurement receptor. The study duration/endpoints
are listed below in order of decreasing preference for use in calculating TRVs:

~

chronic NOAEL
subchronic NOAEL
chronic LOAEL
subchronic LOAEL

acute median lethality point estimate (LCsoor LDso)
single dose toxicity value

~

~

~

~

~

TRV development should be based on well-designed studies, even if that study appears lower in
the list of preferences than a poorly designed study. The uncertainty factors (ups) discussed in
Section 3.2.2.2 can be used to extrapolate the other types of toxicity test results listed into
chronic NOAELs for use as TRVs. When appropriate, these UFs have been applied to
development of the default TRVs in Appendix G.

Toxicologists usually divide the exposure duration of animals to chemicals into four categories:
acute, subacute, subchronic, and chronic. These exposure duration categories are defined as
follows (Klaassen, 1996;US EPA, 1999):acute exposure is defined as one dose or multiple
doses of a chemical given over a short duration spanning less than or equal to 24 hours; subacute
exposure refers to repeated exposure to a chemical for 1 to 3 months or spanning approximately
10 % of the lifetime of an organism; and chronic exposure is defined as multiple exposures to a
chemical occurring over more than three months or a significant fraction of the organism's
lifespan. For the purposes of this document, the tenns chronic, subchronic, and acute are
generally by the following guidelines. For vertebrates (fish, mammals, birds), chronic tests last
more than 90 days, subchronic tests last 14 to 90 days, and acute tests last less than 14 days. For
other receptors, a chronic test lasts for 7 or more days, subchronic tests last 3 to 6 days, and acute
tests last less than 3 days.

A summary of the toxicity studies used to obtain TRVs (if the TRVs are different from those
listed in Appendix G) must be part of the Ecoscreen Report. Desirable elements that should be
included in a summary to allow adequate review of toxicity studies include:

. species employed
critical toxicity endpoint or target organ and all other endpoints evaluated

.
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. chemical form of compound tested
number of animals/group and their body weights
study duration
all doses and exposures, including dosing schedule, rates, and concentration
vehicle of dose
the quantitative toxicity estimate from the source used/selected
dose conversion method, if applicable

.

.....

.
overall weight of evidence or uncertainty factors applied, confounding factors, and
rationale

toxicity value recommended as TRV
source used

..
These elements can be summarized in a table or included in a summary appendix to the
ecoscreen report. Whenever possible, any toxicity values obtained from secondary sources such
as the Registry of Toxic Effects of Chemical Substances (RTECSs) should be verified by
viewing the original study.

3.2.2.1. Best Professional Judgement for Evaluation of Toxicity Data

In some cases, more than one study of the appropriate toxicity endpoints and duration will be
available in the literature. A number of aspects of experimental design should be considered
when choosing one study over another for the purposes ofTRV development.

. smaller spread between NOAEL and LOAEL doses in study leads to less uncertainty
about the endpoint. higher number of replicates (animals per dose) leads to a more sensitive test

. exposure route in test as close as possible to one occurring in nature. more sensitive life stage of receptor used for study

. toxicant concentrations measured in test chamber instead of calculated from amount
added to chamber. use, type and performance of controls

. statistical test used to determine endpoint from test doses

3.2.2.2. Use of Uncertainty Factors for Extrapolation from Toxicity Test Values to TRVs

Often the study endpoint available from toxicological literature is not the chronic NOAEL
needed for development of a TRV. A set of uncertainty factors (ups) has been developed for
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extrapolating a chronic NOAEL value from other toxicity values; these UPs are designed to be
protective by preventing underestimation of the chronic NOAEL value (Chapman et al., 1998).

The following UPs should be used to extrapolatetoxicity test data to a chronic NOAEL. Either a
chronic LOAEL (or LOEL or LOEC) or a subchronicNOAEL should be multiplied by a UP of
0.1 to extrapolate to a chronic NOAEL. An acute lethal value (LCso,LDso,or ECso)should be
multiplied by a UP of 0.01 to extrapolate to a chronic NOAEL. Other toxicity values, such as a
subchronic LOAEL or a single oral dose test, should be reviewed to determine the appropriate
uncertainty factor. This set of UPs was developed by EPA based on reviews of the available
toxicological literature to compare the relationship between the different types of toxicity values
(Dourson and Stara, 1983; Calabrese and Baldwin, 1993;US EPA, 1999a). If different UPs are
used, the user should demonstrate both the rationale (or source) for the UP values and how the
use ofthese other UPs are still be protective of the environment.

Subchronic NOAEL x 0.1 = chronicNOAEL
Chronic LOAEL(or LOEL or LOEe) x 0.1 = chronic NOAEL
(LCso,LDso,or ECso)x 0.01 = chronicNOAEL

Recommended Information for Ecoscreen Report

In addition to the site and toxicity data mentioned below, the ecoscreen report should contain the
information on risk estimation, risk characterization,and uncertainties described in Section 4.

. estimated COPEC concentration in each component of each trophic level

. quantified exposure for each measurementreceptor for each pathway

. summary oftoxicity values including:
~ speciesemployed
~ criticaltoxicityendpointor targetorganandall otherendpointsevaluated
~ chemicalformof compoundtested
~ numberof animals/groupandtheirbodyweights
~ studyduration
~ all dosesandexposuresexamined,includingdosingschedule,rates,and

concentration
vehicle of dose

the quantitative toxicity estimate from the source used/selected
dose conversion method, if applicable
overall weight of evidence or uncertainty factors applied, confounding factors, and
rationale

~

~

~

~
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~ toxicity value recommended as TRV
~ source used

. media concentrations for community TRVs

. TRVs extrapolated from toxicity data for measurement receptors

4.0 Risk Characterization

This section involves integrating the exposure assessment and toxicity assessment from the
previous sections to produce an estimate of risk in the form of ecological screening quotients
(ESQ) for a single chemical or cumulative ecological screening quotients (CESQ) for multiple
chemicals. These ESQs and CESQs are receptor-specific, media-specific, and COPEC-specific.
For those COPECs with an ESQ or CESQ exceeding the benchmark, a description of the risk to
the receptor should be discussed. This portion of the Ecoscreen Report also reviews the
uncertainties involved with the risk screening process.

4.1 Estimate Risk with the ESQ/CESQ Method

An ESQ is equal to the COPEC estimated exposure level (EEL) dividedby the TRV developed
in Section 3. For community receptors, the COPEC EEL is equal to the media concentration of
the COPEC. For guild measurementreceptors, the COPEC EEL is equal to the daily dose of
COPEC ingested per unit body weight The EEL is calculated for each receptor and COPEC
using the equations in Section 3.1.2.6. An ESQ is generated for each measurement receptor for
each COPEC it is exposed to at each area of contamination. For both community and guild
receptors, is defined by the equation given below. For guild measurement receptors ESQ should
be evaluated for both equal and exclusive diets.

ESQ = EELITRV

ESQ = COPEC-specific ecological screening quotient for a receptor (unitless)

EEL = Estimated exposure level (mass COPEC/massmedia [for community receptors]
or mass daily dose ingested/massBW-day [for class-specific guild receptor])

TRV = COPEC-specifictoxicity reference value for a receptor (mass COPEC/mass
media [for communityreceptors] or mass daily dose ingested/mass BW-day [for
class-specific guild receptor])
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Ifmultiple COPECs are present at a site, each of the COPEC- specific ESQ values for a receptor
should be summed to derive a cumulative ecological screening quotient (CESQ) for each
receptor, according to the following equation:

CESQReceptor = LESQcOPEC

CESQReceptor = Receptor-specific cumulative ecological screening quotient (unitless)

ESQCOPEC= COPEC-specific ecological screening quotient for a receptor (unitless)

For guild measurement receptors, CESQs should be evaluated for both equal and exclusive diets.
CESQs assume that the exposure and risk to multiple contaminants are additive (i.e., two or more
contaminants may affect the same target organs or organ systems and/or act by similar
mechanisms). Therefore, ESQs calculated using TRVs based on different effects (for example,
survivorship vs. reproductive ability), toxicity endpoints (e.g., NOAEL, LOAEL), and/or
exposure durations (e.g., acute, chronic) should not be summed to derive CESQs. In these cases,
risk assessment efforts should be focused on the highest contributing COPEC or class of
COPECs which can reasonably be summed across effects, toxicity endpoints, and exposure
durations (US EPA, 1999a).

4.2 Describe Risk

The purpose of the description of risk is to provide information so that the risk managers can
judge the likelihood and ecological significance of the risk to measurementreceptors for guilds
or communities. If an ESQ exceeds 1.0 for sites with one COPEC, this indicates a potential for
ecological risk. For sites with multiple COPECs, a CESQ greater than 1.0 suggests a potential for
ecological risk. ESQs or CESQs exceeding this benchmark indicate the need for an additional
screening with site-specific factors replacing some of the default factors, a site specific risk
assessment, or action to mitigate potential risks at the site.

There are a number of assumptions made during the ecoscreen regarding the fate and transport of
the COPECs. These assumptions, which are listed below, should be examined and their effect on
the risk estimate qualitatively evaluated.

. none of the COPEC mass is lost through degradation, volatilization, runoff, etc.

. the maximum COPEC concentration at a site is considered to be representative of the
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site
. the COPEC is 100% bioavailable
. the receptor does not metabolize or depurate the COPEC (except when empirically

derived BCFs are used). 100% of the home range for any receptor is in the assessment area. receptors are exposed throughout their life history (including critical life stage)
. concentrations in plants and invertebrates are in equilibrium with the surrounding

media

For the purposes of an ecoscreen, the effect ofthese assumptions should be qualitatively
discussed. Most of these assumptions should not be changed during a screening level assessment,
but incorporating an area use factor to account for differences between the size of the site and the
size of the home range of the receptor can be done provided the home range size is substantiated
with documentation. During a site-specific assessment the assumptions can be revised using data
gathered about the specific site.

4.3 Evaluate Limitations and Uncertainties of the Screening Process

The ecoscreen process is based on the premise that protection of ecological receptors chosen on
the basis of their role within the ecosystemwill protect the ecosystem as a whole. This approach
is necessary to allow quantitative determinations of risk to the ecosystem, but in some cases the
receptor species may not be the most sensitive to the effects of a particular COPEC. Availability
of toxicity and natural history information must also be considered.

Exposure assumptions, including those related to home range and COPEC fate in measurement
receptors, can substantially affect the evaluation of risk to a given species. For an ecoscreen,
exposure assumptions should be protective of the measurement receptor species, and should
default to the more conservative value where uncertainties exist.

The results of sampling and COPEC selection can have a substantial effect on the overall risk
assessment process. Care should be taken to ensure that the sampling and analysis are as
reflective of actual site conditions as possible.

Other important sources of uncertainty that affect the uptake of a COPEC by plants and animals,
and therefore the estimated daily dose of COPEC ingested by measurement receptors, include
bioavailability of the contaminant, metabolism of the contaminant by the receptor, and the
feeding behavior and digestive system of animals. In addition, bioaccumulation data reported in
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the literature may be specific to a tissue or organ and not reflective of whole body accumulation,
or the lipophilicity of a COPEC may not be the only predictor of its bioaccumulation potential.
As a result, the estimated dose and risk may be over- or underestimated to an unknown degree.

The toxicological information itself may be the source of several areas of uncertainty.
Bioavailability of COPECs can vary substantiallywith factors such as pH, temperature,
alkalinity of soil, organic carbon content of soil or sediment, etc. Uncertainty also arises from
use of surrogate species, such as rats and mice, to determinevalues for wildlife species.
Extrapolating from one type of toxicity data to the chronicNOAEL is also a source of
uncertainty in the assessment.

Sources of uncertainty arise also from the inherent complexities ofthe ecosystem. In addition,
methods of predicting nonchemical stresses (e.g., drought), biotic interactions, behavior patterns,
biological variability (e.g., differences in physical conditions, nutrient availability), and
resiliency and recovery capacities are oftenunavailable and therefore, their effect on ecological
risk estimates cannot be addressed quantitatively.

The effect of these factors on the ecologicalrisk estimates should be qualitatively addressed in
the ecoscreen report. Table 2 is an example of this type of qualitative uncertainty analysis. It is
recommended that the uncertainty analysis in the ecoscreenreport follows this format.

Recommended Information for the EcoscreenReport

. results ofESQ/CESQ calculations for each measurementreceptor and each COPEC

. evaluation of nature/magnitude of risk

. qualitative analysis of impact of uncertainties on risk assessment process

~

5.0 Recommended Content of the EcoscreenReport

In addition to the information delineated below, risk assessors should include in the report any
other information about the site which they feel is relevant to evaluating the ecological risk at the
site. For purposes of clarity, it is recommendedthat this additional information be included in an
appendix to the risk assessment report andmerely referenced in the main body of the report.

The results of the COPECs selection process should be presented in a tabular format showing the
initial list of preliminary COPECs, the final list of COPECs and the justification for each
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preliminary COPEC eliminated from further consideration.

The following items should be included in the Ecoscreen Report:

. number, type and size of habitats present in assessment area. sources of information used to determinehabitats

. plant and animal species typical of those habitats

. all food webs developed for habitats occurring in the assessment area including
. media for which web is constructed
. division into trophic levels
. class-specific guild designations for each trophic level
. major dietary interactions

. assessment endpoints selected for guilds and communities (and rationale). measures of effect selected for guilds and communities (and rationale)

. revised conceptual site exposuremodel. estimated COPEC concentration in each component of each trophic level. quantified exposure for each measurementreceptor for each pathway

. summary oftoxicity values including:
.. speciesemployed
.. criticaltoxicityendpointor targetorganandall otherendpointsevaluated
.. chemicalformof compoundtested
.. numberof animals/groupandtheirbodyweights
.. studyduration
.. all dosesandexposuresexamined,includingdosingschedule,rates,and

concentration
vehicle of dose
the quantitative toxicity estimate from the source used/selected
dose conversion method, if applicable
overall weight of evidence or uncertainty factors applied, confounding factors, and
rationale

.. toxicityvaluerecommendedas TRV

.. sourceused. media concentrations for communityTRVs
. TRVs extrapolated from toxicity data for measurement receptors. results ofESQ/CESQ calculations for each receptor and each COPEC
. evaluation of nature/magnitudeof risk from ESQs exceeding screening level. qualitative analysis of impact of uncertainties on risk assessment process

..

..

..

..
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6.0 Develop Site-Specific Soil Screening Levels

Large facilities which are screening a number of sites with similar habitats for common COPECs
may want to calculate levels of COPECs in soil that should not represent an excess risk to the
ecosystem as a whole. This process of developing soil screening levels for multiple sites within
one type of ecosystem is described in Appendix H. However, the following restrictions or
limitations should be kept in mind when estimating or applying the soil screening levels:

~

they are applicable to exposure and risk ITomsoil
they are not appropriate if there is a potential ofCOPECs transport between different media
(e.g., ITomsoil to water)
when ingestion of contaminated water is also important exposure pathway for a receptor
soil screening levels may differ ITomthose derived by using the process described in
Appendix H
the soil screening levels are only protective of the food web exposure pathways they were
derived for and need to be verified on a case-by-case basis as to appropriateness.

~

~

~

.Third Technical Decision Point: Is Ecological Risk Possible?

Based on the results presented in the Ecoscreen Report, do any COPECs have an ESQ exceeding
1.0 for a site with a single COPEC or a CESQ exceeding 1.0 for a site with multiple COPECs? If
so, this indicates that ecological risk is possible at the site and the options described in the Fourth
Technical Decision Point for remediating or further evaluating the site should be considered.
Any data gaps that come to light in the process of performing the risk assessment should be
addressed prior to proceeding to the fourth technical decision point.
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Table 2

Example Summary of Uncertainty Analysis

75

Effect on Risk Estimates

Uncertainty Element Potential for Potential for Potential for Over- or
Overestimation Underestimation Underestimation

Environmental Data

Use of maximum values as Moderate-High
exposure point
concentrations for all media

Use of current exposure Moderate

concentrations to represent
future site conditions (i.e.,
assumption of no attenuation
of site chemicals)

Elimination of chemicals Low

from quantitative analysis
based on background levels

Insufficient data to fully Low

characterize all media being
evaluated

Fate and Transport Parameters

Assumption on the 100% Moderate

bioavailability of COPECs
in the environmental media
and diet

Use of literature-based BCF s Moderate

Exposure Assumptions

Use of literature-based Low

exposure parameter values

Assumption on area use Low-Moderate
factor

Toxicity Data

Use of literature-based Low-Moderate
sources of chemicals' effect

data (i.e., not specific to the
site conditions)
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.Fourth Technical Decision Point: How Can the Problems at the Site be Addressed?

The results of the ecoscreen can be used by risk managers and the public to assist in making
decisions about further action at the site in question. Three key questions should be considered
at this point:

~ are data adequate to allow determinationof an appropriateremedy?
~ would remediation be more cost effective than further investigation?
~ would a site-specific risk assessment change the results ofthe ecoscreen for the site?

The last question is an important one which is often overlooked. Based on professional
judgement and an examination of the ecoscreenreport, risk managers should try to ascertain
whether those COPECs that exceedthe screening levels do so because oflimitations in the
ecoscreen model or because levels of those COPECs may truly represent excessive risk. If there
are indications that the limitations of the ecoscreenmodel can be overcome by collecting site-
specific information, then the facility has the option of doing a site-specificrisk assessment. US
EPA's Ecological Risk Assessment and Risk Management Principlesfor Supeifund Sites (US
EPA, 1999d) aids in planning site-specific ecological risk assessments of appropriate scope and
complexity.

L_-
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This portion of the Appendix contains a listing of some referencesthat may be of value in
defining the nature and extent of site environmental contamination.
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Checklist for Ecological Assessment/Sampling

I. SITE DESCRIPTION

1. Site Name:

Location:

County: City: State:

2. Latitude: Longitude:

3. What is the approximate area of the site?

4. Is this the fIrst site visit? 0 yes 0 no If no, attachtrip reportof previous sitevisit(s), if available.

Date(s) of previous site visit(s):

5- Please attach to the checklist USGS topographic map( s) of the site, if available.

6. Are aerial or other site photographsavailable?0 yes 0 no If yes, please attachany available photoes)to the site
map at the conclusionof this section.

A-4



7. The land use on the site is: The area surrounding the site is:
mile radius

% Urban % Urban

% Rural % Rural

% Residential % Residential

_% Industrial(0 light 0 heavy) _% Industrial(D light 0 heavy)

_% Agricultural _% Agricultural

(Crops: ) (Crops: )

% Recreational % Recreational

(Describe; note ifit is a park. etc.) (Describe; note if it is a park. etc.)

% Undisturbed % Undisturbed

% Other _% Other

8. Has any movement of soil taken place at the site? 0 yes 0 no. If yes, please identify the most likelycause of this
disturbance:

_Agricultural Use - HeavyEquipment Mining

Natural Events Erosion Other

Please describe:
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9. Do any potentially sensitive enviromnental areas exist adjacent to or in proximity to the site, e.g., Federal and State
parks, National and State monuments, wetlands, prairie potholes? Remember, flood plains and wetlands are not
always obvious; do not answer "no" without confirming information.

Please provide the source(s) of information used to identify these sensitive areas, and indicate their general location
on the site map.

10. What type of facility is located at the site?

0 Chemical 0 Manufacturing0 Mixing 0 Wastedisposal

0 Other (specify)

11. What are the suspected contaminants of concern at the site? If known, what are the maximum concentration levels?

12. Check any potential routes of off-site migration of contaminants observed at the site:

0 Swales 0 Depressions 0 Drainageditches

0 Runoff D Windblown particulates D Vehiculartraffic

D Other (specify)

13. If known, what is the approximatedepth to the water table?

14. Is the directionof swface runoff apparentfrom site observations? D yes D no If yes, to whichof the following
does the surfacerunoff discharge? Indicate all that apply.

D Surfacewater D Groundwater 0 Sewer D Collectionimpoundment

15. Is there a navigable waterbody or tributary to a navigable waterbody? Dyes ono
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16. Is there a waterbody anywhere on or in the vicinity of the site? If yes, also complete Section III: Aquatic Habitat
Checklist -- Non-Flowing Systems and/or Section IV: Aquatic Habitat Checklist --Flowing Systems.

0 yes (approx. distance ) Ono

17. Is there evidence of flooding? 0 yes 0 no Wetlands and flood plain:s are not always obvious; do not answer "no"
without confirming information. If yes, complete Section V: Wetland Habitat Checklist.

18. If a field guide was used to aid any of the identifications, please provide a reference. Also, estimate the time spent
identifying fauna. [Use a blank sheet if additional space is needed for text.]

19. Are any threatened and/or endangered species (plant or animal) known to inhabit the area of the site? 0 yes 0 no
If yes, you are required to verify this information with the Us. Fish and Wildlife Service. If species' identities are
known. please list them next

20. Record weather conditions at the time this checklist was prepared:

DATE:

Temperature CC/OF) Normal daily high temperature

Wind (direction/speed) Precipitation (rain, snow)

Cloud cover
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IA. SUMMARY OF OBSERVATIONSAND SITE SEITING

Completed by Affiliation

Additional Preparers,

Site Manager,

Date
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ll. TERRESTRIAL HABITAT CHECKLIST

ITA. WOODED

1. he there any wooded areas at the site? 0 yes 0 no If no, go to Section IIB: Shrub/Scrub.

2. What percentage or area of the site is wooded? L-% - acres). Indicatethe wooded area on the sitemap
which is attachedto a copy of this checklist. Please identifywhat informationwas used to determinethe wooded
area of the site.

3. What is the dominant type of vegetation in the wooded area? (Circle one: Evergreen/Deciduousl Mixed) Provide a
photograph, if available.

Dominant plant, if known:

4. What is the predominant size of the trees at the site? Use diameter at breast height.

0 0-6 in. 0 6-12 in. 0 > 12 in.

5. Specify type of understory present, ifknown. Provide a photograph, if available.

fiB. SHRUB/SCRUB

1. Is shrub/scrubvegetationpresent at the site? 0 yes 0 no If no, go to Section IIC: Open Field.

2. What percentage of the site is covered by scrub/shrubvegetation?(_% - acres). Indicate the areasof
shrub/scrubon the site map. Please identifywhat informationwas used to determinethis area.

3. What is the dominant type of scrub/shrub vegetation, ifknown? Provide a photograph, if available.

4. What is the approximate average height of the scrub/shrub vegetation?

0 0-2 ft. 0 2-5 ft. 0 >5ft.
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5. Based on site observations, how dense is the scrub/shrub vegetation?

0 Dense 0 Patchy 0 Sparse

lIe. OPEN FIELD

1. Are there open (bare,barren) field areas present at the site? 0 yes 0 no Ifyes, please
indicate the type below:

0 Prairie/plains 0 Savannah 0 Old field 0 Other (specify)

2. What percentage of the site is open field? (_% - acres). Indicatethe open fields on the sitemap.

3. What is/are the dominantplant(s)?Provide a photograph, if available.

4. What is the approximate averageheight of the dominant plant?

5. Describe the vegetation cover: 0 Dense 0 Sparse 0 Patchy

lID. MISCELLANEOUS

1. Are other types of terrestrial habitats present at the site, other than woods, scrub/shrub, and open field? 0 yes 0 no
If yes, identify and describe them below.

2. Describe the terrestrial miscellaneous habitat(s) and identify these area(s) on the site map.
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3. What observations, if any, were made at the site regarding the presence and/or absence of insects, fish, birds,
mammals, etc.?

4. Review the questions in Section I to detennine if any additional habitat checklists should be completed for this site.
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ill. AQUATIC HABITAT CHECKLIST - NON-FLOWINGSYSTEMS

Note: Aquatic systems are often associated with wetland habitats. Please refer to Section II; Wetland Habitat
Checklist.

1. What type of open-water, non-flowing system is present at the site?

0 Natural (pond, lake)
0 Artificiallycreated (lagoon,reservoir, canal, impoundment)

2. If known, what is the name(s) of the waterbody(ies) on or adjacent to the site?

3. If a waterbody is present, what are its mown uses (e.g.: recreation,navigation,etc.)?

4. What is the approximate sizeof the waterbody(ies)? acre(s).

5. Is any aquatic vegetation present? 0 yes 0 no If yes, please identifythe type of vegetationpresent if known.

0 Emergent 0 Submergent 0 Floating
L

6. If known, what is the depth of the water?

7. What is the general compositionof the substrate? Checkall that apply.

0 Bedrock 0 Sand (coarse) 0 Muck (fmelblack)

0 Boulder (>lOin.) 0 Silt (fme) 0 Debris

0 Cobble (2.5-10 in.) 0 Marl (shells) 0 Detritus

0 Gravel (0.1-2.5 in.) 0 Clay (slick) 0 Concrete

0 Other (specify)

8. What is the source of water in the waterbody?

0 River/Stream/Creek 0 Groundwater 0 Other (specify)

0 Industrial discharge 0 Surfacerunoff
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9. Is there a discharge from the site to the waterbody? 0 yes 0 no If yes, please describe this
discharge and its path.

10. Is there a dischargefrom the waterbody? 0 yes 0 no If yes, and the informationis available,identifyfromthe list
below the environment intowhich the waterbodydischarges.

Distance

Distance

11. Identify any field measurements and observations of water quality that were made. For those parameters for which
data were collected provide the measurement and the units of measure below:

Mea

Depth (average)

Temperature (depth of the water at which the reading was taken)

pH

Dissolved oxygen

Salinity

Turbidity (clear, slightly turbid, turbid, opaque) (Secchi disk depth )

Other (specify)

12. Describe observed color and area of coloration.

13. Mark the open-water, non-flowing system on the site map attached to this checklist.

A-13
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0 Groundwater 0 onsite 0 offsite

0 Wetland 0 onsite 0 offsite
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14. What observations, if any, were made at the waterbody regarding the presence and/or absence of benthic
macroinvertebrates, fish, birds, mammals, etc.?
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IV. AQUATIC HABITAT CHECKLIST - FLOWING SYSTEMS

Note: Aquatic systems are often associated with wetland habitats. Please refer to Section V, Wetland Habitat
Checklist.

1. What type(s) of flowing water system(s) is (are) present at the site?

0 River
0 Thy wash
0 Artificially

created
(ditch,etc.)

0 Stream
0 Arroyo
0 Intermittent Stream
0 Other (specify)

0 Creek
0 Brook
0 Channeling

2. If known, what is the name of the waterbody?

3. For natural systems, are there any indicators of physical alteration (e.g., channeling, debris, etc.)?
0 yes 0 no If yes, please describe indicators that were observed.

4. What is the general composition of the substrate? Check all that apply.

0 Bedrock 0 Sand (coarse) 0 Muck (fine/black)

0 Boulder (>lOin.) 0 Silt (fme) 0 Debris

0 Cobble (2.5-10in.) 0 Marl (shells) 0 Detritus

0 Grnvel (0.1-2.5in.) 0 Clay (slick) 0 Concrete

0 Other (specify)

5. What is the condition of the bank (e.g., height, slope, extent of vegetative cover)?

6. Is the systeminfluencedby tides? 0 yes 0 no What informationwas used to make this determination?
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7. Is the flow intermittent? 0 yes 0 no If yes, please note the infonnationthat wasused in makingthis detennination.

8. Is there a discharge from the site to the waterbody? 0 yes 0 no If yes, please describe the discharge and its path.

9. Is there a dischargefrom the waterbody?0 yes 0 no If yes, andthe infonnationis available,pleaseidentifywhat
the waterbodydischargesto and whether the dischargeis on site or off site.

lO. Identify any field measurements and observations of water quality that were made. For those parameters for which
data were collected, provide the measurement and the units of measure in the appropriate space below:

Width (ft.)

Depth (ft.)

Velocity (specify units):

Temperature (depth of the water at which the reading was taken )

pH

Dissolved oxygen

Salinity

Turbidity (clear, slightly turbid, turbid, opaque)
(Secchi disk depth )

Other (specify)
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11. Describe observed color and area of coloration.

12. Is any aquatic vegetation present? 0 yes 0 no If yes, please identify the type of vegetation present, if known.

0 Emergent 0 Submergent 0 Floating

13. Mark the flowing water system on the attached site map.

14. What observations were made at the waterbody regarding the presence and/or absence of benthic
macroinvertebrates, fish, birds, mammals, etc.?
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v. WETLAND HABITAT CHECKLIST

1. Based on obseIVations and/or available information, are designated or known wetlands definitely present at the site?
0 yes 0 no

Please note the sources of obseIVations and information used (e.g., USGS Topographic Maps, National Wetland
Inventory, Federal or State Agency, etc.) to make this determination.

2. Based on the location of the site (e.g., along a waterbody, in a floodplain) and site conditions (e.g., standing water,
dark, wet soils; mud cracks; debris line; water marks), are wetland habitats suspected?
0 yes 0 no If yes, proceed with the remainder of the wetland habitat identification checklist.

3. What type(s) of vegetation are present in the wetland?

0 Submergent
0 Scrub/Shrub

0 Emergent
0 Wooded

0 Other (specify)

4. Provide a general description of the vegetation present in and around the wetland (height, color, etc.). Provide a
photograph of the known or suspected wetlands, if available.

5. Is standingwater present?0 yes0 no If yes, is this water:0 Fresh 0 Brackish
What is the approximatearea of the water (sq. ft.)?
Please complete questions4, 11, 12in ChecklistIII -AquaticHabitat --Non-FlowingSystems.

6. Is there evidence of flooding at the site? What obseIVations were noted?

0 Buttressing 0 Watermarks 0 Mud cracks
I

0 Debris line 0 Other (describebelow)

i

L
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7. If known, what is the source of the water in the wetland?

0 Stream/River/Creek/LakelPond 0 Groundwater

0 Flooding 0 SurfaceRunoff

8. Is there a discharge from the site to a known or suspected wetland? 0 yes 0 no If yes, please describe.

9. Is there a discharge from the wetland? 0 yes 0 no. If yes, to what waterbody is discharge released?

0 Surface Stream/River 0 Groundwater 0 LakelPond 0 Marine

lO. If a soil sample was collected, describe the appearance of the soil in the wetland area. Circle or write in the best
response.

Color (blue/gray, brown, black, mottled)

Water content (dry, wet, saturated/unsaturated)

11. Mark the observed wetland area(s) on the attached site map.
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APPENDIX B

EXAMPLE FOODWEBS
from EPA, 1999aexceptas otherwisenoted



CARNIVORES

OMNIVORES

HERBIVORES

PRIMARY
PRODUCERS

NOTE:

...,.., ,.',,"" ,.,.." ,.'".., ',.,.,' ,'...',.,..',..','.'.',.,',.,.,.,','..,.,'.',',',','.'."..

y

~..

~~

Carnivorous Mammals
Long-tailed weasel, Coyote,

Red fox, Gray fox, Marteri, Fisher

Carnivorous Birds
Red-tailed hawk,

Great horned owl, Coopers hawk,
Barnowl

Carnivorous Reptiles
Eastern yellowbellied racer, Eastern

coral snake, Texas rat snake,
Western diamondback rattlesnake

~M

~~

Omnivorous Mammals
Short-tailed shrew, Opossum,

Southeastern shrew, Vagrant shrew,
Pacific shrew, Ornate shrew, Dwarf I.. .1. . .

shrew, Smoky shrew

Omnivorous Amphibians I
Reptiles , '

Ornate box turtle, Marbled salamander, Slender I . .
glass lizard, Rough earth snake, Hunters

spadefoot toad

Omnivorous Birds
American Robin, Carolina wren,

Red cockaded woodpecker,
Yellow warbler

~N
~~

Herbivorous Mammals
Deer mouse, Pika, Eastern

cottontail, Townsend's chipmu
Gray squirrel, Red squirrel,

Woodland vole, Porcupine, Elk

~~
~§

PATHW AYS NOT REPRESENTED

MATHEMATICALLY IN EQUATIONS

RECEPTORS LISTED IN ITALICS
ARE MEASUREMENT RECEPTORS

,.'

, . .. . ..

Invertebrates
Nematods, Arachnids,

Gastropods,
Oligochaetes, Arthropods

Terrestrial Plants
Loblolly pine, Dwarf palmetto,
Southern bayberry, Yellowstar

thistle, Bluegrama, Forbes

Soil
Nutrients, Detritus

"

Herbivorous Birds
Mourning dovt;

Chipping sparrow

EXAMPLE
FOREST FOOD WEB



CARNIVORES

OMNIVORES

HERBIVORES

PRIMARY
PRODUCERS

NOTE:

~~
~~

UN

m~
~§

U-
~~

"","'" ,,"" """" ,,' "',',' ',',',',',',',',',', ',', ""',', ""',' "", ,
, '

V

~..
~~

Carnivorous Mammals
Long-tailed weasel, Swift fox,
Coyote, Badger, Spotted skunk

Omnivorous Mammals
Least shrew, Pygmy shrew,

Townsend's mole, Eastern mole,
Idaho ground squirrel

Herbivorous Mammals
Deer Mouse, Eastern cottontail,
White-tailed jackrabbitt, Plains

harvest mouse, Black-tailed
woodchuck, Plains pocket mouse

Meadow vole, Gopher

PATHWAYS NOT REPRESENTED

MATHEMATICALLY IN EQUATIONS

RECEPTORS LISTED IN ITALICS
ARE MEASUREMENT RECEPTORS

r-"-'-'

", ,

CarnivorousBirds
American lrestrel, Golden eagle,

Coopers hawk, Prairie hawk,
Ferruginous hawk, Swainsons hawk

Carnivorous Reptiles
Eastern yellowbelly racer, Great plains

ratsnake, Bullsnake,
Western diamondback rattlesnake

""'.."..,..,..

Omnivorous Amphibians /
Reptiles ,

Ornate box turtle, Texas toad, Eastern hognose I ' '

snake, Plains blind snake, Texas spotted
whiptail, Short-lined skink, Six-lined racerunne

Omnivorous Birds
Western meadowlark, Scissor-tailed

flycatcher, Sandhill crane, Dickcissel,
Greater prairie chicken

" "

""" '
" " , , , , , , , ,

Invertebrates
Nematodes, Gastropods,

Oligochaetes, Arthropods

Herbivorous Birds
Mouring dove

Chipping sparrow,

Canada goose

" Terrestrial Plants
Big bluestem, Switchgrass, Little
bluestem, Johnson grass, Indian

grass, Forbes

Soil
Nutrients, Detritus

EXAMPLE
TALLGRASSPRAIRIE FOOD WEB



U

CARNIVORES!E~
~§

U",

OMNIVORES I~

UN

HERBIVORESI ~

~-
PRIMARY !3~PRODUCERS~

NOTE:

. ... ............... ...................

Carnivorous Mammals
Swift Fo" Coyote, Red fox,

Badger, Spotted skunk, Bobcat

Omnivorous Mammals
Least shrew, Pygmy shrew,

Townsend's mole, Eastem mole,
Thirteen-lined ground squirrel,

Hispid pocket mouse, Striped s

Carnivorous Birds
American kestrel, Burrowing owl,
White-tailed hawk, Coopers hawk,

Ferruginous hawk, Swainsons hawk

Carnivorous Reptiles
Eastern yellowbelly racer, Great plains

ratsnake, Bullsnake,
Western diamondback rattlesnake

Omnivorous Amphibians /
Reptiles .

Ornate box turtle, Texas toad, Eastern hognose I . .
snake, Plains blind snake, Texas spotted

whlptail, Short-lined skink, Six-lined racerunne

Omnivorous Birds
Northern bobwhite, Lesser prairie chicken,

Lesser golden plover, Mountain plover,
American pipit

Herbivorous Mammals
Deer mouse, Eastern Cottontail,
White-tailed jackrabbit!, Black-
tailed woodchuck, Black-tailed I . . .

prairie dog, Plains harvest
mouse, Meadow vole

PATHWAYS NOT REPRESENTED
MATHEMATICALLY IN EQUATIONS

RECEPTORS LISTED IN ITALICS
ARE MEASUREMENT RECEPTORS

.
..-

Invertebrates
Arachnids, Gastropods,

Oligochaetes, Arthropods

.. . Terrestrial Plants
Blue grama,HaiIy grama, Broom

weed, Purple three-awn, Mesquite,
Side-oats grarna, Yucca, Buffalo

grass, Alkali sacaton, Little bluestem

Soil
Nutrients, Detritus

. . . . . . . . . .

Herbivorous Birds
Mourning Dove, Canada
goose, Chipping Sparrow

EXAMPLE
SHORT GRASS PRAIRIE FOOD WEB



CARNIVORES ~ 3
o..l1J
0:>

~~

u
OMNIVORES ~ ~

~i:i
"",..j

5:!",
:I:,..j
o..l1J

HERBIVORES ~ ~

~:;
PRIMARY ~ ~
PRODUCERS ~ ~

NOTE:

Carnivorous Mammals
Long-tailed weasel, Coyote, Red fox

Gray fox, Badger, Spotted skunk

Omnivorous Mammals
While-footed mouse, Opossum,
Southeastern shrew, Merriam's

shrew, Arizona shrew, Desert shrew,
Eastern chipmunk, Least chipmunk

Herbivorous Mammals
Deer mouse, Pygmy rabbit,

Brush rabbit, Eastern cottontail,
Nuttall's cottontail, Desert

cottontail

P A THW A YS NOT REPRESENTED

MA THEMA TICALL Y IN EQUATIONS

RECEPTORS LISTED IN ITALICS
ARE MEASUREMENT RECEPTORS

Carnivorous Birds
American kestrel. Burrowing owl,
Rough-legged hawk, Mississippi

kite, Black shou1dered kite,
Crested caracara

Invertebrates
Arachnids, Gastropods,

Oligochaetes, Arthropods,
Nematodes

i
i

Terrestrial Plants
Cotton, Soy bean, Com,

Sunflower, Thistle, Forbes,
Sugarcane

Soil
Nutrients,Detritus

Carnivorous Reptiles
Eastern yellowbelly racer, Great plains

ratsnake,Texas rat snake, Bullsnake,
Western diamondback rattlesnake

Herbivorous Birds
MourningDove,

Canadagoose

EXAMPLE
SHRUB/SCRUB FOOD WEB



~:
CARNIVORE~ ~

OMNIVORES

HERBIVORES

PRIMARY
PRODUCERS

NOTE:

\f
Carnivorous Mammals

Mink, River otter, Jaguar,
Mountain lion, Bobcat

Carnivorous Reptiles
American alligator, Alligator

snapping turtle, Spiny softshell
turtle, Speckled king snake,

Cotton mouth

Carnivorous
Shore Birds

Spotted sandpiper, Great blue
heron, Belted kingfisher,

Black rail, Greater yellowlegs

Carnivorous Birds
American kestrel, Northern

harrier, Short-eared owl,
Merlin

Carnivorous Fish
Largemouth bass, Spotted gar,
Alligator gar, Grass pickerel,

Chain pickerel

~::;...I>j

~~

~~
...I>j

~~

u-
~irl
~~

Aquatic Vegetation
Vascular plants, Maidencane, Saltmeadow

cordgrass, Bull tongue, Alligator weed, Sedges

PATHWAYS NOT REPRESENTED

MA THEMA TICALL Y IN EQUATIONS

RECEPTORS LISTED IN ITALICS
ARE MEASUREMENT RECEPTORS

Water and Sediment
Nutrients, Detritus

EXAMPLE
FRESHWATER FOOD WEB



TL4 Carnivorous mammals:

Bobcat, coyote, badger
SECONDARY

CARNIVORES

TL3

PRIMARY
CARNIVORES

owls

TL2

Lagomorphs:
Antelope
Jackrabbit
Desert
cottontail

Rodents: Kangaroo Rats,
pocket mice

HERBIVORES

TLI

PRIMARY
PRODUCERS

Carnivorous birds:

Roadrunner, hawks

Carnivorous reptiles:
lizards, snakes

Carnivorous
arthropods:
ants, bees,
wasps, crab
spiders,
jumping
spiders

Carnivorous
mammals:

bats, shrews,
voles

Herbivorous &
detritivorous
insects:

Grasshoppers,
ant, cicadas,
aphids, termites

moths

vegetation

soil
nutrients,detritus

Example Chihuahan Desert Food Web. As with all example food webs in this guidance, this web should be
modified to reflect the species present at the actual site under consideration. Source: adapted from arid lands food
webs provided by Dr. Walter Whitford at the USDA Agricultural Service in Las Cruces, NM.



TL5
SECONDARY/TERTIARY
CARNIVORES

SECONDARY
CARNIVORES

TL4

TL3

PRIMARY CARNIVORES

HERBIVORES

PRIMARY
PRODUCERS

TL2

TLl

carnivorous birds:

Herons, seagulls, redtailed hawk, comorant

carnivorous mammals:
raccoon, coyote,
weasel

Insectivorous
birds:
Sandpiper,
killdeer,
flycatcher

herbivorous birds:
ducks

aquatic vegetation

carnivorous reptiles
& amphibians:
turtles, frogs

Odonata:
Damselflies
dragonflies

fishes: shiners,
mosquitofish, chubs, dace

bats

aquatic invertebrates: branchiopods,
gastropods, amphipods, copepods,
isopods, and aquatic insects

sediment and water

nutrients, detritus

Example Playa Lake Food Web. Playa Lakes are highly variable and each site should be reviewed to see
which of the above groups are actually present at the lake being screened for ecological risk. Source:
adapted from Lake Water Quality Assessment Surveys, Playa Lakes, 1994. NMED Document number
SWQ-96/3.
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ASSESSMENT ENDPOINTS FOR GUILDS AND COMMUNITES IN EXAMPLE FOOD WEBS

Aquatic Plants Phytoplankton, Vascular plants

Water Invertebrates Crustaceans, Rotifers, Amphipods
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Carp, Gulf killifish, Threadfin shad, Molly, Golden Shiner,
Goby, Mosquito Fish, Red Shiner

Herbivorous /
Planktivorous Fish

Omnivorous Fish Carp, Channel catfish, Gafftopsail fish, Atlantic midshipman,
Feather blenny, Gulf toad fish, Bluecat, Bullhead

Carnivorous Fish
Largemouth bass, Spotted gar, Bull shark, Redfish, Grass
pickerel, Alligator gar, Chain pickerel, American eel, Atlantic
stingray, Spotted moray eel, Fine toothed shark

............. """""" .."""" .
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Primary producers convert light energy into biomass, and are the first link in
aquatic food chains supporting higher trophic level aquatic consumers and wildlife.
Rooted vegetation also provides habitat and bottom stability.

Aquatic invertebrates are an important food source for many higher trophic level
consumers. Zooplankton regulate phytoplankton populations, and are a critical link
in energy transfer to higher trophic levels in aquatic ecosystems.

HerbivorouslPlanktivorous Fish are an important prey species for higher trophic
level predators in the aquatic and terrestrial ecosystems, and provide a critical link
for energy transfer from primary producers to higher trophic level consumers. They
generally comprise the majority of tissue biomass in aquatic ecosystems, and
provide an important role to the ecosystem through regulating algae and plankton
biomass.

Omnivorous fish are an important prey item for higher trophic level predators.
Through predation, they may also regulate population levels in lower trophic level
fish and invertebrates.

Carnivorous fish provide an important function for the aquatic environment by
regulating lower trophic populations through predation. They are also an important
prey item for many top level mammal and bird carnivores.

Terrestrial Plants Vascular plants, Grasses, Forbs, Lichens

Soil Invertebrates Nematodes, Gastropods, Oligochaetes, Arthropods

Primary producers provide a critical food source and are the first link in the
terrestrial food chain for higher trophic level consumers. In addition, vegetation
provides critical habitat for wildlife.

Soil invertebrates provide an important food source for many higher trophic level
species. As decomposers/detritivores they playa critical role in nutrient cycling.
They also aid in soil aeration and infiltration by increasing macro, and micro
porosity.



Herbivorous Mammals

Herbivorous Birds

Omnivorous Mammals
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Omnivorous Birds

Omnivorous
Amphibians and

Reptiles

Carnivorous Mammals

Carnivorous Birds

Carnivorous Shore
Birds

Carnivorous Reptiles

Deer mouse, Nutria, Eastern cottontail, Prairie vole, Fox
squirrel, Grey squirrel, Swamp rabbit, Eastern wood rat, White-
tailed deer, Fulvous harvest mouse, Black-tailedjackrabbit,
Hispid cotton rat, Hispid pocket mouse, Black-tailed prairie dog,

Mourning dove, Canada goose, Chipping sparrow, Northern
pintail

Least shrew, Raccoon, Muskrat, Marsh rice rat, Wild boar,
Cotton mouse, Eastern spotted skunk, Coyote, Nine-banded
armadillo, Virginia opossum, Elliot's short-tailed shrew, Striped
skunk, Golden mouse, Seminole bat.

American robin, Northern bobwhite, Marsh wren, Carolina
wren, Swamp sparrow, Yellow warbler, Lesser prairie chicken,
Roadrunner, Mallard, Least sandpiper, Red cockaded wood
peeker, Roseate spoonbill, Greater prairie chicken, Scissor-tailed
flycatcher, Sandhill crane, Dickcissel, Canada goose, Red-
winged blackbird, Hooded merganser, Northern shovler.

Ornate box turtle, Green frog, Texas toad, Eastern hognose
snake, Plains blind snake, Small-mouthed salamander,
Diamondback terrapin, Short-lined skink, Six-lined racerunner,
Eastern green toad, Marbled salamander, Slender glass lizard,

Grey fox, Swift fox, River otter, Bobcat, Mountain lion, Long-
tailed weasel, American badger, Red fox, American mink, Red
wolf

Red-tailed hawk, American kestrel, Marsh hawk, Great-homed
owl, Barn owl, Burrowing owl, White-tailed hawk, Ferruginous
hawk, Swansons hawk, Golden eagle, Mississippi kite, Prairie
hawk, Merlin

Great blue heron, Belted kingfisher, Spotted sandpiper, Black
rail, Greater yellowlegs, Dunlin,

Eastern yellowbelly racer, Eastern coral snake, Texas rat snake,
Western Diamondback rattlesnake, American alligator,
Bullsnake, Alligator snapping turtle, Cotton mouth, Speckled
king snake. Spiny softshell turtle. Gulf salt marsh snake

Herbivorous mammals are an important prey item for many higher trophic level
predators. They provide an important link for energy transfer between primary
producers and higher trophic level consumers. In addition, these organisms
generally comprise the majority of the terrestrial tissue biomass, and are important
in seed dispersal and pollination for many plant species.

Herbivorous birds are an important prey item for many higher trophic level
predators. They are important in seed dispersal for many plants in both terrestrial
and aquatic ecosystems. Aquatic herbivorous birds may also play an important role
in egg dispersion for fish and invertebrate species.

Omnivorous mammals are an important prey item for higher trophic level
predators, and influence lower trophic level populations through predation. They
play an important role in seed dispersal for many types of terrestrial vegetation and
aquatic plants.

Omnivorous birds are an important prey item for higher trophic level predators.
They play an important role in seed dispersal and pollination for many types of
terrestrial vegetation and aquatic plants. In addition, aquatic species provide egg
dispersal for some fish and invertebrate species.

Omnivorous amphibians and reptiles provide an important food source for
predators. They also provide seed dispersal for many plants and regulate lower
trophic level populations through predation.

Carnivorous mammals provide an important functional role to the environment by
regulating lower trophic level prey populations.

Carnivorous Birds provide an important functional role to the environment by
regulating lower trophic level prey populations.

Carnivorous Shore Birds provide an important functional role to the environment
by regulating lower trophic level prey populations, and influencing species
composition in terrestrial and aquatic ecosystems. They also provide egg dispersal
for some fish and aquatic invertebrates.

Carnivorous Reptiles provide an important functional role to the environment by
regulating lower trophic level prey and are an important prey item for other upper
trophic level predators.
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APPENDIX D

EXAMPLES OF INFORMATION GATHERED ON MEASUREMENT RECEPTORS
INGESTION RATES FOR EXAMPLE MEASUREMENT RECEPTORS

from EPA, 1999a
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American Kestrel

The American kestrel (Falco sparverius), or sparrow hawk, was selected as the measurement receptor for

the carnivorous bird guild in the example shortgrass prairie, tallgrass prairie, shrub/scrub, freshwater

wetland, and brackishlintennediate marsh food webs based on the following infonnation:

American Robin

. The kestrel is important in regulating small mammal populations through predation.
Predators of the kestrel include larger raptors such as red-tailed hawks, golden eagles,
and great homed owls.

. The kestrel's prey include a variety of invertebrates such as wonns, spiders, scorpions,
beetles, and other large insects, as well as an assortment of small to medium-sized birds
and mammals. Winter home ranges vary from a few hectares to hundreds of hectares,
depending on the amount of available prey in the area.

. The availability of natural history infonnation (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The American robin (Turdus migratorius) was selected as the measurement receptor for the omnivorous

bird guild in the example forest food web based on the following infonnation:

Canvasback

. The robin serves an important function in seed dispersion for many fruit species, making
it a valuable component of the ecosystem.

. Habitats include forests, wetlands, swamps, and habitat edge where forested areas are
broken with agricultural and range land. The robin forages on snails and other soil
invertebrates, seeds, and fruit.

. The availability of natural history infonnation (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The Canvasback (Aythya valisineria) was selected as the measurement receptor for the herbivorous bird

guild in all three example aquatic food webs based on the following infonnation:

. The Canvasback provides a valuable functional role to aquatic habitats by dispersing
. seeds for aquatic vegetation.

. The Canvasback is the largest member of the Pochards (bay ducks) and is common
throughout North America. They breed from Alaska to Nebraska, and in intennountain
marshes of Washington, Oregon, and northern California. Their diet consists of aquatic
vegetation, and small invertebrates, which they obtain by digging in sediments.
Although the canvasback consumes aquatic invertebrates during certain times of the
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Deer Mouse

year, in winter when they are present along coastal regions, a large portion of their diet is
aquatic vegetation and was therefore selected to represent the herbivorous bird guild.

. Since natural history information on the canvasback was scarce, the Lesser Scaup
(Aythya affinis), for which natural history information is readily available, was selected
as a surrogate receptor.

The deer mouse (Peromyscus maniculatus) was selected as the measurement receptor for the herbivorous

mammal guild in the example forest, shortgrass prairie, tallgrass prairie, shrub/scrub food webs based on

the following information:

Least Shrew

. The deer mouse is preyed upon by owls, snakes, and small carnivorous mammals,
making it a very important prey item. This animal also plays an important ecological
role in seed and fruit dispersion for many types of vegetation. In addition, their
burrowing activities influence soil composition and aeration.

. The deer mouse is almost strictly nocturnal and feeds chiefly on seeds, fruits, bark, roots,
and herbage. Due to its burrowing and dietary habits, there is a high potential for direct
and indirect exposure. The home range for a deer mouse is rarely over 100 meters, and it
spends most of its day in an underground burrow.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The least shrew (Cryptotisparva) was selected as the measurement receptor for the omnivorous mammal

guild in the example tallgrass prairie, shortgrass prairie, and freshwater wetland food webs based on the

following information:

. Because of the shrews abundance and high population density, they make up a large
portion of the diet of owls, hawks, and snakes.

. Shrews feed on snails, insects, sow bugs, and other small invertebrates. The home range
size is on average 0.39 hectares. Their diet of invertebrates and their burrowing behavior
result in a high potential of direct and indirect exposure to contaminants.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

Long-tailed Weasel

The long-tailed weasel (Mistily Renata) was selected as the measurement receptor for the carnivorous

mammal guild in the example forest, tallgrass prairie and shrub/scrub food webs based on the following

information:
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Mallard Duck

. The long-tailed weasel is important in regulating small mammal populations through
predation. Predators of the weasel include cats, foxes, snakes, and large raptors such as
hawks and owls.

. Habitats are varied and include forested, brushy, open areas including farm lands
preferably near water, where they prey on rabbits, chipmunks, shrews, mice, rats and
birds.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The mallard duck (Anas platyrhynchos) was chosen as the measurement receptor for the omnivorous bird

guild for the freshwater wetland and brackish/intermediate marsh food webs based on the following

information:

Marsh Rice Rat

. The mallard serves as a valuable component in aquatic food webs providing dispersion
of seeds for aquatic vegetation, and due to their role in the nutrient cycle of wetlands. In
addition, the mallard is a major prey item for carnivorous mammals, birds, and snakes.

. The mallard is present in a diverse amount of aquatic habitats throughout the United
States. Although their diet is considered omnivorous, 90 percent of their diet may be
plant material at some times of the year. Mallards are surface feeders that will often
filter through soft mud and sediment searching for food items.

. The mallard is very important game species, representing approximately one-third of all
waterfowl harvested.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The marsh rice rat (Oryzomys palustris) was selected as the measurement receptor for the omnivorous

mammal guild in the example brackish/intermediate and salt marsh food web based on the following

information:

. The marsh rice rat inhabits marsh and wetland areas where it feeds on crabs, insects,
fruits, snails, and aquatic plants. The rice rat plays an important role in seed dispersal
and is a major food item for many predators including raptors, cats, weasels and snakes.

. The marsh rice rat has a high potential for exposure due to their aquatic diet and direct
contact with media.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.
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Marsh Wren
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The marsh wren (Cistothorus palustris) was selected as the measurement receptor for the omnivorous

bird guild in the example salt marsh food web based on the following information:

Mink

. The marsh wren consumes large numbers of aquatic insects thus regulating their
populations, which make it a valuable component of the ecosystem. Main predators are
snakes and turtles which prey heavily upon the eggs.

. The marsh wren is common throughout the United States, inhabiting freshwater,
brackish, and saltwater marshes. Its diet consists mainly of aquatic invertebrates,
although snails and spiders may be taken. In addition, its diet of aquatic invertebrates
makes it susceptible to accumulation and toxicity ofbioaccumulative chemicals

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The mink (Mustela vison) was selected as the measurement receptor for the carnivorous mammal guild in

the example brackish/intermediate marsh and freshwater food webs based on the following information:

Mourning Dove

. As a high trophic level predator, the mink provides an important component to the
ecosystem by influencing the population dynamics of their prey. Their main predators
include fox, bobcats, and great-homed owls.

. The mink is one of the most abundant carnivorous mammals in North America,
inhabiting rivers, creeks, lakes, and marshes. They are distributed throughout North
America, except in extreme north Canada, Mexico, and areas of the southwestern United
States. Mink are predominantly nocturnal hunters, although they are sometimes active
during the day. They are opportunistic feeders and will consume whatever prey is most
abundant including: small mammals, fish, birds, reptiles, amphibians, crustaceans, and
insects.

. They have been shown to be sensitive to PCBs and similar chemicals, and have a high
potential for exposure due to their aquatic diet and direct contact with the media.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The Mourning Dove (Zenaida macroura) was selected as the measurement receptor for the herbivorous

bird guild in all four example terrestrial food webs based on the following information:

. The dove plays an important functional role in seed dispersion for many grasses and
forbs. Doves provide an important prey item for many higher trophic level omnivores
and carnivores. Predators of the mourning dove include falcons, hawks, fox, and snakes.
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Muskrat

. The mourning dove inhabits open woodlands, forests, prairies, and croplands. It feeds
mostly on seeds, which comprise 99 percent of its diet. It may ingest insignificant
amounts of animal matter and green forage incidently.

. Mourning doves have a high potential for exposure through ingestion of inorganic
contaminants.

. Mourning doves are an important game species, contributing significantly as a food and
economICresource.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The muskrat (Ondrata zibethicus) was selected as the measurement receptor for the herbivorous mammal

guild in the example freshwater wetland and brackish/intermediate marsh food webs based on the

following information:

. The muskrat is important to the overall structure of the aquatic ecosystem by regulating
aquatic vegetation diversity and biomass, resulting in stream bank stability and increased
habitat diversity for aquatic organisms including fish. It was also chosen as the
measurement receptor based on its value to the ecosystem including its large population
densities and importance as a prey species (e.g., prey for hawks, mink, otters, owls, red
fox, snapping turtles, alligators, and water snakes).

. The muskrat spends a large part of its time in the water, and is common in fresh,
brackish, and saltwater habitats. It has relatively high food and water ingestion rates, and
a diet that consists mainly of aquatic vegetation, clams, crayfish, frogs, and small fish.

. Due to the large numbers, the muskrat plays an important economic role in the fur
industry, and as a food item for some cultures.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

Northern Bobwhite

The northern bobwhite (Colinus virginianus) was selected as the measurement receptor for the

omnivorous bird guild in the example shortgrass prairie and shrub/scrub food webs based on the

following information:

. The bobwhite plays an important role in seed dispersion for many plant species, and is an
important prey item for snakes, and other small mammals. Ifhabitat conditions permit,
their numbers will increase rapidly, providing an additional food source for many
predators. They also are valuable in controlling insect populations during certain times
of the year.
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. The bobwhite's diet consists mainly of seeds and invertebrates, although in the winter
green vegetation can dominate its diet. During breeding season, the bobwhite's home
range may encompasses several hectares, including areas for foraging, cover, and a nest
site. In non-breeding season, the bobwhite's home range can be as large as 16 hectares.
It has a high potential for exposure through ingestion and dermal contact with soil during
dust bathing.

(

The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

.

Northern Harrier

The Northern harrier (Circus cyaneus), also called the Marsh hawk was selected as the measurement

receptor for carnivorous bird guild in the example salt marsh food web based on the following

information:

Red Fox

. The marsh hawk plays an important role in the ecosystem in regulating small mammal
populations through predation.

. The marsh hawks diet consists of small mammals, birds, and occasionally snakes, frogs,
and insects. Their habitat preferences include wetlands or marshes.

. In addition, the marsh hawk has demonstrated sensitivity to pesticides, which
bioaccumulate through food chains.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

The red fox (Vulpes vulpes) was selected as the measurement receptor for the carnivorous mammal guild

in the example salt marsh food web based on the following information:

. Red fox have a high potential for exposure due to bioaccumulation though the food
chain, and are a valuable component to ecosystem structure by regulating the abundance,
reproduction, distribution, and recruitment of lower trophic level prey.

. Although omnivorous in dietary habits, the majority of the diet consists of cottontail
rabbits, voles, mice, birds, and other small mammals. This animal was chosen because
of its status as a top carnivore and its widespread distribution in the United States,
inhabiting chaparral, wooded and brushy areas, coastal areas and rim rock country.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.
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Red-tailed Hawk

The red-tailed hawk (Buteo jamaicensis) was selected as the measurement receptor in the carnivorous

bird guild in the example forest food web based on the following information:

. The red-tailed hawks position as a high trophic level predator makes them a valuable
component of terrestrial food webs through their regulation of populations of lower
trophic level prey species.

. The red-tailed hawk is widely distributed in the United States among a diverse number of
habitat types ranging from woodlands to pastures. Its diet includes small mammals (such
as mice, shrews, voles, rabbits, and squirrels), birds, lizards, snakes, and large insects. It
is an opportunistic feeder, preying on whatever species is most abundant. Red-tailed
hawks are territorial throughout the year, and have home ranges that can be over 1,500
hectares.

. Red-tailed hawks have shown sensitivity to many chemicals which disrupt reproduction
or egg development.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

Salt Marsh Harvest Mouse

The salt marsh harvest mouse (Reithrodontomys raviventris) was selected as the measurement receptor

for the herbivorous mammal guild in the example salt marsh food web based on the following

information:

. The salt marsh harvest mouse plays an important functional role in aquatic habitats
through seed dispersal for aquatic vegetation.

. Predators include owls, snakes, and many mammals including weasels, fox, and cats.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

Short-tailed Shrew

The short-tailed shrew (Blarina brevicauda) was selected as the measurement receptor for the
omnivorous mammal guild in the example forest food web based on the following information:

. The short-tailed shrews value as a prey species for many high level predators is very
important to the health of an ecosystem. They also play an important role in soil
recycling and aeration, through tunnel excavation.

. The short-tailed shrew is one of the most common mammals in the United States. It is a
small insectivorous mammal that represents secondary consumers (insectivores) present
in terrestrial ecosystems. Their diet of invertebrates such as earthwonns and their
burrowing behavior result in a high potential of direct and indirect exposure to
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contaminants It has a very high metabolism rate which requires almost constant feeding.
The most common habitats are wooded and wet areas in the drier parts of the range.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

Spotted Sandpiper

The spotted sandpiper (Actitis macularia) was selected as the measurement receptor for the carnivorous

shore bird guild in the example freshwater wetland, brackish/intermediate, and salt marsh food webs

based on the following information:

Swift Fox

. The spotted sandpiper inhabits a wide variety of habits usually associated with water or
marsh.

. Spotted sandpipers have a high potential for exposure through ingestion of aquatic
insects, worms, fish, crustaceans, mollusks, and carrion.

. Theavailabilityof naturalhistoryinformation(e.g.,homerange,ingestionrates,body
weights) also support selection as a measurement receptor.

The Swift Fox (Vulpes velox) was selected as the measurement receptor for the carnivorous mammal

guild in the example shortgrass prairie food web based on the following information:

. The swift fox fills an important functional role by regulating the population dynamics of
many prey species.

. The swift fox is mainly nocturnal and its diet consists of small mammals, insects, birds,
lizards, and amphibians. It spends most of its days in a den, emerging at night to hunt.
Their home range extends several kilometers.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

Western Meadow Lark

The western meadow lark (Sturnella neglecta) was selected as the measurement receptor for the

omnivorous bird guild in the example tallgrass prairie food web based on the following information:

. The western meadow lark serves an important function in seed dispersion for many forb
and grass species, making it a valuable component of the ecosystem.

. Habitats include grassland, savanna, pasture, and cultivated fields. The western meadow
lark forages on spiders, sowbugs, snails, and grass and forb seeds.

I

I
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. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.

White-footed Mouse

The white-footed mouse (Peromyscus polionotus) was selected as the measurement receptor for the

omnivorous mammal guild in the example shrub/scrub food web based on the following information:

. The white-footed mouse plays an important role in seed dispersal and provide an
important food source for raptors, snakes and other mammals including cats, weasels and
fox.

. The white-footed mouse feeds on nuts, seeds, fruits, beetles, caterpillars, and other
insects. Due to its burrowing and dietary habits, there is a high potential for direct and
indirect exposure.

. The availability of natural history information (e.g., home range, ingestion rates, body
weights) also support selection as a measurement receptor.
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INGESTION RATES FOR EXAMPLE MEASUREMENT RECEPTORS

American Kestrel ISG, TG, SS" 1.00E-01 I U.S. EPA 19930 I 4.02E-01 f U.S.EPA 19930; I 1.25E-01 k I U.S. EPA 19930 I
1.39E-03 n I Pascoe et al. 1996

FW,BR Nagy1987

American Robin I F I 8.00E-02 I U.S.EPA 19930 I 4.44E-01f U.S.EPA 19930;I l.37E-Ol k IU.S.EPA 19930 I 1.43E-02" I Beyer et at. 1994
Nagy 1987

t:1 Ilcanvas Back FW,BR, 7.70E-01 b U.S. EPA 19930 1.99E-O1 f U.S. EPA 19930; I 6.43E-02 k IU.S. EPA 19930 I
1.82E-03 p I Beyer et at. 1994

I SW Nagy 1987I-'
0

Deer Mouse TG, F, SG, 1.48E-02 U.S. EPA 19930 5.99E-01 g U.S. EPA 19930; I 1.5lE-O1 I IU.S. EPA 19930 I 1.44E-03 '1 I Beyer et at. 1994
SS Nagy 1987

Least Shrew I SG,FW, I 4.00E-03 I National I 6.20E-01 h U.S.EPA 19930 I 1.72E-O1I IU.S. EPA 19930 I
1.36E-02 " I Beyer et at. 1994

TG AudubonSociety
1995

Long Tailed Weasel I TG ,F, SS I 8.50E-02 I National 3.33E-01 i

I U.S. EPA 19930; I

1.27E-011
I U.S. EPA 19930 I

2.98E-03 r
I Beyer et al. 1994

Audubon Society Nagy 1987
1995

Mallard Duck I BR,FW I 1.04E+OO I U.S. EPA 19930 I 1.79E-01 f IU.S. EPA 19930; I 5.82E-02 k I U.S. EPA 19930 I
3.18E-03 I Beyer et al. 1994

Nagy 1987

Marsh Rice Rat I BR,SW I 3.00E-02 I National I 4.40E-01 g I U.S. EPA 19930;I 1.4lE-O1 , I U.S. EPA 19930 I

2.33E-03 . I Beyer et al. 1994
Audubon Society Nagy 1987

1995

Marsh Wren I SW I l.OOE-02 I U.S. EPA 19930 9.26E-01 f U.S. EPA 19930; 2.75E-01 k I U.S. EPA 19930 I
1.96E-02" I Beyer et al. 1994

Nagy 1987

Mink I FW,BR I 9.74E-01 IU.S. EPA 19930 I 2.16E-01~U.S. EPA 19930; I 9.93E-02 I IU.S. EPA 19930 I 1.93E-03r I Beyer et al. 1994
Nagy 1987
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INGESTION RATES FOR EXAMPLE MEASUREMENT RECEPTORS

Mourning Dove I F,S;oTG, 11.5OE-01 C I U,S.EPA 19930 I 3o49E-01r U,S. EPA 19930; I 1.09E-01 k IU.S.EPA19930 I
7.01E-03" I Beyer et al. 1994

Nagy 1987

Muskrat I BR,FW I 1.09E+OO I U.S.EPA19930 I 2.67E-Ol J U.S. EPA 19930; 9.82E-02 I IU.S.EPA 19930 I 6o41E-04 I Beyer et al. 1994
Nagy 1987

t::I I Northern Bobwhite SG, SS 1.50E-01 U.S. EPA 19930 3o49E-Olr U.S. EPA 19930; I 1.09E-01k I U.S.EPA 19930 I

1.20E-02 I I Beyer et al. 1994
I Nagy 1987

Northern Harrier SW 9.60E-01 U.S. EPA 19930 1.85E-01 r U.S. EPA 19930; I 5.99E-02 k IU.S. EPA 19930 I 9.95E-03 n I Beyer et al. 1994
Nagy 1987

RedFox I SW I 3.94E+OO I U.S.EPA 19930 I 1.68E-01~ U.S. EPA 19930; I 8.63E-02 I IU.S. EPA 19930 I 1.51E-03 I Beyer et al. 1994
Nagy 1987

Red-tailed Hawk I F I 9.60E-01 ~ I U.S. EPA 19930 I 1.85E-01 ~ U.S. EPA 19930; I

5.99E-02 k I U.S. EPA 19930 I 9.95E-03 n I Beyer et al. 1994
Nagy 1987

Salt-marsh Harvest I SW I 9.lOE-03 I U.S.EPA 19930 I 7o41E-Olg I U.S. EPA 19930; I 1.58E-01' IU.S. EPA 19930 I
1.78E-03 'I I Beyer et al. 1994

Mouse Nagy 1987

Short-tailedShrew I F I 1.50E-02 IU.S. EPA 19930 I 6.20E-01 h. IU.S. EPA 19930 I 1.51E-01' U.S. EPA 19930 1.36E-02 " Beyer et al. 1994

Spoiled Sandpiper I SW,BR, I 4.00E-02 I U.S.EPA 19930 I 5.69E-01 r U,S. EPA 19930; I 1.74E-01 k U.S.EPA 19930
4.15E-02 " Beyer et al. 1994

FW Nagy 1987

Swift Fox I SG I 1.40E+OOI U.S.EPA 19930 I 1.93E-01i U.S.EPA 19930;I 9.34E-02' IU.S. EPA 19930 I 1.73E-03 r I Beyer et al. 1994
Nagy 1987

Western Meadow I TG I 9.00E-02 I U.S.EPA 19930 I 4.21E-01 r U.S. EPA 19930; 1.31E-O1 k IU.S.EPA 19930 I
1.39E-02 " I Beyer et al. 1994

Lark Nagy 1987



INGESTION RATES FOR EXAMPLE MEASUREMENT RECEPTORS

Notes: rn.- Ingestion Rate; WW- Wet weight; OW-Dry Weight; BW- Body Weight; kg - kilogram; L - Liter

Food Webs:t:1
I
I-'
N

f

g
h

j
k
I
m
n
0

BR - Brackish/Intermediate Marsh; F -Forest; FW -FreshwaterlWetland; SG - Shortgrass Prairie; SS - Shrub/Scrub;
SW - Saltwater Marsh; TG -Tallgrass Prairie.

The body weight reported for the mallard is used as a surrogate value for the canvas back.
The body weight reported for the northern bobwhite is used as a surrogate value for the morning dove.
The body weight reported for the red-tailed hawk is used as a surrogate value for the northern harrier.
Food ingestion rate (rn.) values are reported in Table 5-1 as kg WW/kg BW-day. To convert rn. from a dry weight (as calculated using allometric
equations) to a wet weight basis, the following general equation is used:

rn. kg WW/kg BW-day =(rn. kg DW/BW-day)/(I - % moisture/IOO)

=

Ingestion rate values provided in Table 5-1 are calculated based on assumed percent moisture content of food items of measurement receptors
specified. For herbivores, the moisture content of ingested plant matter is assumed to be 88.0 percent (Taiz et al. 1991). For carnivores, the
moisture content of ingested animal matter is assumed to be 68.0 percent (Sample et al. 1997). For omnivores, an equal fraction of plant and
animal matter is assumed ingested with an overall average moisture content of78.0 percent [(88.0 + 68.0)/2].
Foodingestionrates generatedusingthe followingallometricequationforall birds: rn.(g/day)=0.648Wt 11.651(g).
Foodingestionrates generatedusingthe followingallometricequationforrodents: rn.(g/day)=0.621Wt O.5M(g).
Allometric equations reported in U.S. EPA (19930) do not represent intake rates for shrews; therefore, measured field values from the referenced
sources are presented.
Foodingestionrates generatedusingthe followingallometricequationforall mammals:rn.(g/day)=0.235Wt 0.822(g).
Food ingestion rates generated using the following allometric equation for herbivores: rn. (g/day) =0.577 Wt o.m (g).
Wateringestionratesgeneratedusingthefollowingallometricequationfor all birds: IR (L/day)=0.059Wt 06711(kg).
Wateringestionratesgeneratedusingthe followingallometricequationfor all mammals:rn.(Uday)=0.099Wt 1I.'iOIl(kg).
Soil and sediment ingestion rates calculated based on percent soil in diet as reported in Beyer et al. 1994.
Percent soil in diet reported for the bald eagle is used as a surrogate value for the american kestrel, northern harrier, and red-tailed hawk.
Percent soil in diet is assumed as 10.0 percent of diet based on range presented in Beyer et al. 1994.

=
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=
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d =
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Percent soil in diet reported for the mallard is used as a surrogate value for the canvas back.
Percent soil in diet reported for the white-footed mouse is used as a surrogate value for the deer mouse and salt-marsh harvest mouse.
Percent soil in diet reported for the red fox is used as a surrogate value for the long-tailed weasel, mink, and swift fox.
Percent soil in diet is assumed as 2.0 percent of diet based on mnge presented for herbivores.
Percent soil in diet reported for the wild turkey is used as a surrogate value for the northern bobwhite.
Percent soil in diet reported for the western sandpiper is used as a surrogate value for the spotted sandpiper.

p =
q =
r =
s =
t =
u =


