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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 asd Radicactve Materials Waste Bureau (HIEMWB) 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 HEME-HWE 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 HEMBHWE ecological risk assessment process consists of two distinct levels:

» Levell Screening-Level Ecological Risk Assessment
» Levelll Site-Specific Ecological Risk Assessment

This document presents the approach for the Level I Screening-Level Ecological 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-specific investigations can be
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targeted to sites with higher potential risk. A site-specific risk assessment would include
considerable additional field work such as biota tissue sampling. A site-specific ecological risk
assessment may also address population level effects instead of effects just on individuals. The
ecoscreen consists of two phases:

» Scoping Assessment
» Screening Assessment

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

» No further ecological investigation at the site, or
» Continue the risk assessment process, and/or
» Undertake a removal or remedial action

The first or third recommendation can be made either because the residual contamination at the
sitc does not pose excessive risk to ecological receptors, or because the available information
indicates that further investigation will not affect the management decisions regarding the site.
The recommendation to continue the risk assessment process indicates the need for additional
information and data collection from scientific literature and/or through additional investigation
and sampling of environmental media at the site.

OBJECTIVE AND PURPOSE

This guidance adopts standard screening-level ecological 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 conducting consistent ecological
screenings by RCRA hazardous waste permitted facilities and corrective action/remediation
projects under Hazardous and Solid Waste Amendments (FISWA).

This guidance presents a detailed method for completing these assessments. The ecoscreen
addresses current and potential future risks to ecological receptors 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 of EPA 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 characterization is shown in the flowchart in Figure 1.
Revision 4.0
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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 investigation of 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 ecoscreen can also be done as part of a
Corrective Measures Study (CMS) to determine if the proposed alternatives 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 gnidance on
sampling and site characterization. However, for all media, more than a single sample should be
taken to determine the environmental concentrations to which receptors are being exposed.

Revision+2.0
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Figure 1. Risk-based Corrective Action Decision Strategy
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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., contaminants without 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 investigatot'to qualitatively evaluate the potential threat to biota' posed by site-
related contaminants.

The scoping assessment uses a habitat approach as the basis for identifying the 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 determine whether further assessment (i.c.,
Phase II: Screening Assessment) and/or interim measures® are required or whether the site poses
minimal threat to ecological receptors at or near the site. Based on information presented in the
scoping assessment HRMBHWB 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:

» Surface area and physiographic setting of the site;
» Current and historical uses of the site and nearby properties;

L The term “biota” refers to non-domesticated terrestrial and aquatic plants and animals; however, it may include domesticated
species, such as livestock. If livestock 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 from releases and/for
to prevent or minimize the further migration of contaminants while long-term remedies are pursued.

Revision +2.0
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Current and reasonably likely future land and/or water use(s);

Sensitive environments- at, adjacent to, or in the locality of the site;

Known or suspected presence of threatened, endangered, candidate, proposed, species of
concern and/or sensitive species or their habitats in the locality of the site®;

Accurate site and regional maps showing buildings, roads, pavements, on- and off-site
land uses, sampling locations, wetlands, surface water bodies, sensitive environments,
etc.;

Types of hazardous substances reportedly released at the site; and

Magnitude, rate, and extent of migration of any hazardous substances reportedly released
at the site.

Y YVV

A\ A4

1.2 Site Visit - -

This is an extremely important aspect of the scoping phase. A site visit should be conducted to
directly assess ecological features and conditions, and verify that the expected ecological features
actually still exist 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 ecological features are most apparent,
i.e., spring, summer, ¢arly fall. Visits during one season (e.g., the winter time) might not provide
evidence of the presence or absence of receptors and potential exposure pathways. The following
areas should be visited:

» The site itself,
» Areas adjacent to the site, and
» Areas in the locality’ of the site.

Photos taken during the site visit can be extremely valuable additions to the risk assessment
report, particularly for documenting the nature, quality, and distribution of vegetation, other
ecological features, and potential exposure pathways. The site visit can also be used to verify

*Sensitive environments or habitats are defined as federally- or state-designated areas that require protection or
special consideration; Table 1 lists several types of sensitive environments,

*This information should be documented by response letters from the New Mexico Department of Game and Fish
(NMGPF), tribal environmental agencies, the U.S. Fish and Wildlife Service (USFWS), the U.S. Forest Service
(USES), the New Mexico Forestry Division (NMFD) of the Energy, Minerals and Natural Resources
Department, or the U.S. Bureau of Land Management (USBLM).

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 contamination migrating 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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surface water flow patterns, which may be difficult to determine from other sources and may
change with time.

The following activities should be performed during the 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 migration pathways of chemicals within the site or
offsite,

Note plant and animal species within, adjacent to, and in the locality of the site,

Assign habitat type and note possibility of presence of threatened and endangered species,
Search for any signs (seeps springs, cut banks, etc.) of groundwater discharge to the
surface, and -

» Note any natural or a.nthropogemc site disturbance.

A\ A A4

Ecological scoping checklists presented in Appendix A of this document and in the appendices of
Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessment (US EPA, 1997a) can be adopted for collecting this information.
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Table 1. Sensitive Enﬁironments Found in New Mexico

. ~ National Parks and National Monuments

] Designated or Administratively Proposed Federal Wilderness Areas

= National Preserves

- National or State Wildlife Refuges

. Federal land designated for protection of natural ecosystems

s State land designated for wildlife or game management

ol State designated Natural Areas

Ll All areas that provide of could poteniially 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 species of concern

. All areas that provide or could potentially provide habitat for migratory birds as protected by the Migratory
Bird Treaty Act {16 United States Code {USC) §§703-712)

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

O 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, 17-2-13)

. All areas that provide or could potentially provide habitat for horned 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,

respectively)

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

" All ephemeral drainages that provide significant wildlife habitat or that could potentially transport
contaminanis off site to areas that provide wildlife habitats (this wouid probably include all ephemeral v
drainages) )

= All riparian habitats

ol All perennial and ephemeral wetlands (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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1.3 Id'e:itifif Preliminary Contaminants of 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-specific history of hazardous substance uses and releases is
typically the source of potential contaminant information. Potential contaminants for ecological
risk assessment are developed separately from potential contaminants for human health because
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 suspected of 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 of this evaluation should be summarized, preferably in a chart, to
simplify the tracking of contaminants through the various levels of the risk assessment.

14  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.c., exposure point) with the contaminated media or through
the food web, and

» An exposure route 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 animals®). In order to remove a site from further consideration based on
a lack of receptors, it is necessary to demonstrate that the contamination is 1nacce331ble to
wildlife (for example, buried below the ecologically relevant depth of five-ten feet’) and that this
inaccessibility will 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 exposure pathways 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 scoping phase 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
gathering phase 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.

6Burlrowing animal means a ground-dwelling animal that uses a hole/burrow 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.

7I:?cologically 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 al., 1984), the ecologically relevant depth
for o screening level ecolopical assessment is within-theapperconservaiively assumed (o be soil to a depth of
Five-ten feet.
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Guidance for Assessing Ecological Risks Posed by Chemicals: Screening Level Ecological Risk Assessment
HRMWB Guidance Document

TN First Technical Decision Point: Is Ecological Risk Suspected?

The information presented in the scoping report can be used to eliminate the site from further
consideration for ecological screening level or site-specific risk 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 from consideration for a screening level risk assessment should be
made with the concurrence of the regulatory agency to assure that 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 II screening assessment is required.
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PHASE II: LEVEL I SCREENING ECOLOGICAL RISK ASSESSMENT

2.0 PROBLEM FORMULATION

This step of the Phase II ecoscreen establishes potential links between eontaminants-of potential
ecelosieal-concer-{ 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 of the problem formulation should assess whether
the available information is adequate for making these quantitative determinations. 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-receptor relationships. The survey should identify the habitat types at and
near the site, both aquatic (e.g., perennial streams and associated wetlands, ponds, ephemeral
streams, etc.) and terrestrial (e.g., grassland, pifinon-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 Wildlife Exposure 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 eentaminants-of-potential-ecologiealconcern{COPECs).

¥

Prior to beginning the data evaluation process, site sampling investigation must be sufficient to
delineate the nature and extent of contamination as described in the Prerequisites Section. All
potentially contaminated media 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 of the
ecoscreen. The appropriate method of sample collection for the purposes of site characterization,
unless prior approval has been obtained by HRMEHWE, is to obtain discrete samples at depth
intervals that are relevant to ecological receptors exposure and contaminant transport pathways of
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concem (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 of terrestrial invertebrates
burrowing animals are likely. Therefore, concentrations of 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 Hazardews-and-
Radionctive MuterialBureauHWB prior to use, {see-the-HRMB-Position-Papes-Application-of
Inereanic Backeroumd Concentratioi-ti-te ik -AvevmmentLrocesk

Ground water and surface water samples obtained for site characterization for inorganic
constituents must be unfiltered. However, for the purposes of determining contaminant
environmental transport” and 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 Guidance for the Data Quality Objectives
Process (US EPA, 1994a), the RCRA Corrective Action Plan (US EPA, 1994b), the Guidance for
Data Useability in Risk Assessment (Part A) (US EPA, 1992a, the Risk Assessment Guidance for
Superfund, Volume I: Human Health Evaluation Manual (Part A) (RAGS) (US EPA, 1989b), the
RCRA Sampling Procedures Handbook issued by Region 6 EPA (US EPA, 1995c), Guidance for
Data Quality Assessment: Practical Methods for Data Analysis (US EPA, 1996¢]1996b),
Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities - Interim Final
Guidance (US EPA, 1989d), Sediment Sampling Quality Assurance User’s Guide (US EPA,
1984), Soil Sampling Quality Assurance Guide (US EPA, 1989¢), and Statistical Methods for
Environmental Pollution Monitoring (Gilbert, 1987) and should be submitted for approval to
HEMBHWE.

2.2.1 Evaluate Data and Select Contaminants of Potential Ecological Concern

A list of the preliminary esstaminants-of-petertial-ecologieal eoneern{ 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 prehmlnary COPECS can be evaluated for
elimination or retention as eentaminantsof p :ancern{COPECsd. This process
is shown in Figure 4.

This section describes specific steps that should be followed to refine a list of site-related

Filtered water samples provide valuable information for evaluating chemical transport within an aquifer or surface water body.
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COPECs. These specific steps are shown in Figure 1 and discussed below.

L.

W

et

22.1.1.

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 background values (Section
22.1.3)

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).

Combine Available Data from Site Investigation(s)

Once the sampling investigation has been completed uste-reeanunended lierature seuress(see
Section 2.2), gather data from all sampling events even if different analytical methods were used.
All media identified in the scoping phase as leading to potentially completed exposure pathways
should be sampled. All data should be sorted by environmental medium of concern and
sampling event. It should be ensured that needs of the ecoscreen have been incorporated into the
data quality objectives (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 among
uncertainties of the ecoscreen in Section 4.4 and be addressed quantitatively in a site-specific risk
assessment. A written discussion of site information used in compiling the list of preliminary
COPEC:s should be provided in the ecoscreen report.

If the methods used to analyze samples from different sampling events (i.e., time periods) are
similar in terms of the types of analyses conducted and the qualily assurance/qualily conirol
(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.
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Environmental Sampling Data

FIGURE 4. COPEC Identification Process.

{Section 2.2}
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2212, Evaluate Detectioh Status

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

» Evaluation of the analytical methods used,

> Evaluation of the quality of data with respect to:
. Sample quantitation limits,
. Qualifiers and codes,
. Blanks, and

» Evaluation of the frequency of detection.

Evaluate Analytical Methods -

This step of data evaluation determines which analytical method results are appropriate for use in
quantitative ecoscreen, Although analytical results 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 sources of 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 quantitative ecoscreen. Also, the results of analytical methods
associated with unknown or no QA/QC procedures 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 documented and traceable. It is critical that all uncertainties associated
with the data be determined (see steps discussed below) to ensure that only data that are
appropriate and reliable for use in the quantitative ecoscreen will be carried through this process.

Evaluate Quantitation Limits

This step involves evaluation of quantitation limits (QLs) and detection limits (DLs) for all of the
chemicals investigated at the site. It is important that the detection limits be low enough to detect:
concentrations of ecological significance’. 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 #-2xDL), or the elimination of certain chemicals from further
consideration, because they are believed not to be present at the site. However, at the minimum,

9Facilities may use the EPA Region V Ecological Data Quality Levels (US EPA, 1996a) for identifying analytical methods with
detection limits low enough to detect chemical concentrations of ecological significance.
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the following ;;bssibilities should be examined prior to eliminating chemicals because they are
not detected or conducting any other manipulation of the data:

» If the sample quantitation limit (SQL)"™ of a chemical is greater than corresponding
environmental standards (e.g., WQCC New Mexico Standards for Interstate and
Intrastate Streams and State of New Mexico Ground and Surface Water Quality
Protection Regulations) or criteria (e.g., Ambient Water Quality Criteria [AWQC]) or
reference values such as the EPA Region V Ecological Data Quality Levels [EDQLs] (US
EPA, +996:2003), then the chemical may be present at levels greater that these reference
concentrations which 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 concentrations is 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
€coscreen.

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
samples, the samples should be either re-analyzed (preferred option) or excluded from the
quantitative evaluation if it causes the calculated exposure concentration to 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 laboratory personnel 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 addressed before 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, d]) 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.

Evaluatg Blanks

The sample quantitation limit is defined as the detection limit that accounts for sample characteristics, sample
preparation, and analytical adjustments such as dilution (US EPA, 1992a).
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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 calibration blank, 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 concentrations of the same chemicals
detected in site samples associated with the blanks. If the association between 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 concentration with 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 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 concentration of the compound in the site samples
exceeds five times the maximum compound concentration detected 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 compound measured 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 selection process,
the following must be ensured:

» Good data quality and rigorously implemented QA/QC plan and good industry sampling
and analysis procedures; and

» The effect of eliminated compounds on the overall risk estimates must be clearly
described in the uncertainty analysis section of the ecoscreen report.

Evaluate Detection Frequency
Because carrying a large number of compounds through a quantitative ecoscreen may be
Revision 42.0
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complex and it may require considerable amount 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.

Chemicals likely to be present at the site'’ should not be eliminated from the guantitative
ecoscreen, even if the results of the 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 chemicals are unlikely to be present at the site”. For
example, if chemicals with similar fate and transport and characteristics are 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 likely present in the surface water and
therefore, need to be included in the ecoscreen as surface water COPECs.

The outcome of this step is a dataset 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 ecoscreen if:

» 1t is detected infrequently in one environmental medium, 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 degradation products.
Any detection frequency limit being used (e.g., five percent) should be approved by the

HEMBHWRB 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

1 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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samples equals a five percent frequency of detection). However, decisions about frequency of
detection and sample 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 sampling locations of chemicals should be examined for hot
spots (i.e., small or localized but highly contaminated areas), which may be important for short-
term exposures of ecological receptors and which, therefore, should not be eliminated from the
ecoscreen. All sampled media should be examined for detection of a given compound because
some media may be sources of contamination for other media. For example, a compound that is
infrequently detected in soil (a potential ground water contamination source) should not be
climinated as a site contaminant if the same compound is frequently detected in ground water.

Furthermore, infrequently detected compounds with concentrations that 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 Concentrations’”

A comparison of site sample concentrations with 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. -H%—]MW#HHH-HH—HH&HH—M&
detection-monttorng-programs-beingconducted : ance-entitted-“Statistient
Anerbysiv-of-Growd-Weter-Mewitoring Data-al- RCRA-Fae ilities” .H_J,g.. B L e A
Addendum-to-tnterin-Final-Guidatee {E%—b#ﬁ—%%&i&%—eﬁm&—k&mﬁ%ﬂa—&n
elemmwmwaﬂd &p};;hm& Hihﬂ}ﬁfﬁﬁ%%%ﬂﬂﬁl—ﬁtﬂimé—{ﬂb-&ﬂmﬁﬂhﬁﬁ o l}m%uwuﬂd—c%

AMJHHH—MH;?M{L% Ser-davet vet - {FEMFHHHMI—HJ—%HHW—EJ&Hm&H#w—WmHmet« .F—fmdf R
ERA080a:10048), —Guidancefor-Data-Guelity-Assessiment-tHS-BPA 006 andn-Sratistieal
Methedstartnviremmental-Lotution-Monitorinet GHbert 498 conld be-apphied-to-soil-

Packerotpd-cemparisons,-

The objective of the statistical analysis for the ecological risk assessment is to determine if site  «
inorganic chemical concéntrations differ significantly from inorganic background concentrations
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 (refer to US EPA, 2002 a and 2002h). Any statistical methods being used for
comparison of site samples with background values should be identified and their use justified in
the ecoscreen report.

12 . . . . . . . .
Inorganic background concentrations are defined as naturally-occurring concentrations of inorganic constituents in an
environmental medium (sediment, soil, air and water) not affected by Facility operations (HEMEHWE SOP IL A.2: Site-
Specific Background).
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The most commonly used method for determining the presence of elevated levels of inoreanices is
use of EPA's comparison mmhml Often—uA single value te-representing the inorganic
background concentratlons (BV™) is determined based on the-mean-or-median-of the collected
per-eontidence-imis{UChLsfor the meantorcither the maximum
hH-]-bél-H—t—&H-ﬁH feugs the upper tolerance limits (}UTLsH)3 or the maximum concentration, if
sulficient data to determine a UTL are not available.- While e#pre-determined regional
inorganic background levels may be obtained from the literature, only site-specilic background
levels may be used 1o eliminate an inorganic as a COPEC'. When the site sample concentrations
fall above the BVs, the preliminary COPECs are  retained as COPECs. Note, however, that the
95% UCL of the site samples should not be compared with the UTL of the background samples
(US EPA, 1989d; 1992b, 2002b). This is not valid statistical comparison because the UTL
represents a maximum value while the-95% upper confidence limit (UCL) is a mean. Therefore,
if the UTL has been selected as a BV, each soil sample (not the mean) should be compared to the
UTL. 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.

If more robust analysis of site data to background is required, EPA guidance (US EPA, 2002a
and 20028y should be used for comparing site concentrations to backeround. Such analysis may
include data rankine and plotting, parametric tests, and non-parametric tests,

. BE

As-ehiseussed-in-the- HEMBPosition : - . Verlies-dr-the
RiskAssessment-Process Il inorganic chemlcals are present at the site at naturally occurring
levels (i.e., in concentrations at or below facility-specific or site-specific [if applicable]-&+
Ft-.gskmafk-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 HEMBHWEB for approval prior to their use in ecoscreen. If background 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.

LY

1‘-'31.-[- '\I.-’.I'H;i& by, ﬂt‘\‘:"rl?é‘f‘l'f'i-l'ri{’tﬁ’

' bt e e s R ey -HE— ihe
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cainpare-eacl-iite Iedsurenent E@r&—hﬁ%ﬁ&ﬁmm&!—e&%&%ﬁ%&%—@#—i%}
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13 . : . . . .
BV or background value means an inorganic chemical concentration representative of background concentrations that has been
approved by the Hazardonsand-Rabionctive-Mutosiabs-Brrean TWEH.
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exeessivieeoldaieal I'-i&k-h&ﬁ*%ﬂ-&]-—i—iﬁﬂ—ﬁ#&-ﬁﬂia:&&-!-i-tEi:!--W'-id-E-&Eﬂ-[-N-lSti!@ﬁ-.- 1F one-or-mere e
meastreents-egual-orexceed-the hotmeasurement-valuethe-compeotnd sheuld-beretained a5
COPECand-proceed-to-the envirenmentaHate and-transportevaluaton

Per JS EPA 20004, the backeoround reference area should “have the same physical, chemical,
acoloeical, and biological characteristics as the site being investisated. but has not been affected
by activities at the site.” RAGS (1S EPA, 1989b) further states that “...the locations of the
backeround samples must be areas that could not have received contamination from the site, but
that do have the same basic characteristics as the medium of concern at the site.” The selection
of the background reference area as well as the number and location of samples should be
approved by the repulator prior (o use.

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

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 COPEC:s 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, polychlorinated biphenyls (PCBs), dicloro-diphenvl-trichloroethane (DDT) and its
breakdown products, organochlorine pesticides, chlorinated dibenzofurans, and metals capable of
biomethylation (e.g., mercury). These compounds require consideration of more than their direct
toxicity.

Persistence, Mobility, and Bioaccumulation v

Physico-chemical parameters describing environmental persistence or mobility processes, include
water solubility, logarithm octanol/water partition coefficient (log Koy-) and organic fraction
partition coefficient (Koz). and environmental half-life. A contaminant’s water solubility™
influences its fate and transport in all environmental media and is especially relevant to
ecological receptors exposure through aquatic pathways. Compounds soluble in water or pore

14 Ay P L . q G .
Water solubility is an upper limit on a chemical’s dissolved (i.c., aqueous) concentration in water al a given temperature.
Agueous concentrations exceeding solubility may indicaie sorption onto sediment, the presence of solubilizing chemicals
such as erganic solvents, or the presence of a non-aqueous phase liquid.
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water of soil/sediment are more available for chemical and biological transformations and are
subject to the complex forces affecting the movement of water. Less soluble metal cations, such
as aluminum, may enter solution at lower pH as a result of leaching from soils and become
available for uptake by plants and aquatic animals.

The legarithm ectuneliwater partition-eoetheient{log K} is the ratio of the chemical’s
concentration in octanol (representing lipid or “fat”) to the concentration in water. K,,, provides
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 Ko,
typically greater than three (3), indicates higher concentrations in the octanol rather than in the
water. K, is 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). K, is useful for describing mobility potential because it correlates better with
adsorption to soil and sediment. A chemical’s mobility is generally proportional to its water
solubility and inversely proportional to Ko and K. Chemicals with log K, < 2.7 and K¢ <
1000 are considered to be highly mobile, while chemicals with log K,y 2 4 and K. > 10,000
generally have low mobility and therefore, high persistence potential (Connolly and Pedersen,
1988; Ney, 1998).

In general, organic chemicals with log K, values equal to or :greater than 4.0 and inorganic
chemicals with a whole-body bioconcentration factor (BCF)" equal 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 bioaccumulation potential 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 contaminated with a
metal having a soil-to-plant BCF of less than one4 (enel) could still receive a toxic dose of this

metal),

Persistence is measured by the number of days required to reduce a chemical’s concentration by
one-half through biotic and abiotic degradation/transformation processes. The greater the media-
specific half-life'®, the more persistent a chemical is likely to be in the medium. Chemicals are
considered highly persistent in water if their half-lives in water are greater than 90 days, and not .
persistent in water with half-lives lower than 30 days.

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

15 . L . . . . . .
The BCF 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 transformed by
both chemical and biclogical processes.
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Environiental 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 n

Following the evaluation of site sampling data as specified in previous sections, all remaining
preliminary COPECs (including their transformation products) are considered COPECs 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 reference values 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 addressed using best professional

judgement, surrogate” toxicity data from a similar chemical, and should be discussed as an

uncertainty.

Figure 1 also shows how COPECs should be evaluated based on the availability of toxicity data.
Those COPECs lacking toxicological data in the literature will be evaluated qualitatively 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.

¢ Recommended Information for the Ecoscreen Report

The results of the COPEC selection process 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 climinated 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 professional judgement and the revised conceptual site exposure model,
the facility should determine if the sampling, conceptual model, and delineation of pathways is

7FaCllltlBS should obtain HEMEHWE approval for selecting surrogate compounds and using their toxicity data prior to
performing ecoscreen.
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sufficient to support the ecoscreen. Any gaps in the sampling data or site information should be
addressed prior to continuing with the quantitative screening 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 correlating habitat type with a given location and for information regarding
plant and animal species commonly associated 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 compared with the information gathered from the site visit to verify that the
predicted habitat actually matches 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. Boundaries of habitats selected for evaluation should clearly be delineated and
mapped. Include the following information:

Facility boundaries,

Location(s) of release source(s),

Habitat types and boundarie,

Water bodies and their associated watersheds, and
Special ecological areas.

VVVVY

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 pifisiyon-juniper), tallgrass
prairie, shortgrass prairie, agricultural land, scrub/shrub, and desert. Particular types of
vegetation characterize each of these habitats and can be used to identify them. A selection of
some of the guides to determining habitat type can be found in Appendix A.

Habitat types may also be determined by reviewing land use and land classification maps (LULC
maps) which are available in hard copy or electronically . e Geographic Information System )
(GIS) mapping can also be used to define habitats. Classifications made 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 consideration are in areas that have been disturbed by man sufficiently

18 ! . | ; - .
Available on-ling the-Waed A jde-Wab-from US-GS at
htgrefeww usas, covdpubprod/maps. it mithipmapaina peacsowindes-hitinl or from EPA at
et weww.epa, movOWOW watershedfandeoverfindes. hunb# N Mg e pacsayipah.
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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 consist primarily 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 of lawn grass should be evaluated as a modified form of the shortgrass prairie food
web. Site survey information should be 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 aquatic habitats 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 characterized by different wildlife, different sediment accumulation
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, feeding habits, 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 database™.

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 ephemeral waters 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.

94'3&‘.'zulable on-line the-Weard- WideWebat: http:/fwww.bison-muorsbevedstfishesdsatesinmchim, Technical contact at the
NM Dept. of Game & Fish for this database is-tetmtilineet {305 222 0004 Chck Haves via crail at
chuck: haves@ st nn,us,
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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 of legislatively-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, idetification of these areas is important for risk management decisions
because the protection of these areas is crucial.

¢ Recommended Information for the Ecoscreen Report

» Number, type and size of habitats present in assessment area,
» Sources of information used to determine habitats, and
» Plant and animal species typical of those habitats.

2.2.3 Identify Ecological Receptors

For each of the 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 information 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
Program®, and tribal governments. Information 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 Information
System of New Mexico (BISON-M), maintained by 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 Socicty, the Sierra Club, the National Geographic
Society, and universities can also provide information 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. .

201.—.144'4&%4—\:%-ma.»h%#&m—‘.%ummmh_mm-uu:; Adbhpergrer PR University of New Mexico Main Campus,

Marron Hall - Wesl Wing - Bide, 009, Albuguergue, NM 87131
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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 species will 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.

2.3  Develop a Habitat-Specific Food Web

The list of species and information obtained during characterization of the exposure setting will
be used to develop a habitat-specific food web. A site-specific food web can be developed or the
information on the plant and animal species present 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 assessment endpoints 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
COPEC:s are the same.

EExampless of food webss for al-the-common habitatss occurring in New Mexico ate-arc.
reproduced (from US EPA 1999a) in Appendix B. The example webss reproduced-in-the
appendix arearc 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 an 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 organized by trophic levels, which reflect the role of a species- diet on
its place in the ecosystem. These trophic level designations are 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 compounds are 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 intermediate 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
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can morefeasﬂ;be divided into feeding guilds from which représen{ative receptors can be
chosen.

2.3.2 Group Receptors into Class-specific Feeding Guilds and Communities

A class-specific feeding guild is a group of species within a particular trophic level that share
similar feeding strategies and dietary habits. Examples of class-specific feeding guilds are
herbivorous mammal, omnivorous reptile, carnivorous mammal, 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 invertebrates are grouped into
communities distinguished by the media which they inhabit. Examples of these communities
include terrestrial plants and sediment fauna. The reason for grouping higher trophic level
organism into class-specific guilds and lower trophic level organisms into communities is
because risk to upper trophic level organisms will be based on dose ingested, while risk to lower
trophic level organisms will be based on the media concentration of COPECs.

2.3.3 Define Dietary Relationships Between Class-specific Guilds and Communities

Arrows on the example food webs (Appendix B} define the dietary relationships between class-
specific guilds and communities. These relationships are determined by evaluating the dietary
composition of the receptors for each class-specific guild or community. US EPA recommends
that only those interactions that contribute more than 5 (five) percent of the 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 simplified without underestimating potential exposure.

2.3.4 Identify Complete Exposurc Pathways

Ecclogical receptors may be exposed to contaminated media 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.

13

In Section 1.4 potential 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 evaluation requires an understanding of the physico-
chemical properties and environmental fate and transport characteristics of the COPECs (see
Section 2.2.1).

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
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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, and

Rationale for selection.

® & & o @

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 ecosystem which 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 judeementjudgment -
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 valuablé 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
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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 Measurement Endpoints

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 of the critical ecological
attributes that allow those receptors to represent the assessment endpoints for those ecosystems.
Additional considerations in selecting measurement 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.

2.5.1 Identify Measurement Receptors for Communities

For communities (i.e., soil, surface water, and sediment), the community or assemblage of
communities in the media are selected as the measurement receptors. 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 different media, representative receptors include:

» Soil media: soil invertebrate community and terrestrial plant community;
» Surface water media: phytoplankton community, aquatic invertebrate community; and
» Sediment media: benthic invertebrate community.

252 Identify Measurement Receptors for Guilds
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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-specific food 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
Wildlife Exposure Factors Handbook published by US EPA (1993g) is a good source of this
information for many species. The measurement receptor 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 assessment point, 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 i#-
Appendix-Pprovided in Chapter 4 of US EPA, 19994,

2.6  Determine COPEC Environmental Concentrations at Point of Potential Exposure

Site environmental media sampling (soil, sediment, surface water, and ground water) and -
chemical analyses of environmental samples generally produce a range of concentrations; some

analysis of the sampling results is needed to determine the concentration of COPECs to which

ecological receptors are potentially exposed. For all recepiors, it is important to use

concentrations from samples that are biologically relevant to the receptor species. For example,
exposure to burrowing rodents should be estimated using 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 concentrations together with the SQLs

of nondetected COPECs (see Section 2.2.1.2) should be used when determining the

concentrations most representative of potential exposure of ecological receptors 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, if there is reason to believe the true concentration is closer to SQL than
to one-half the SQL. The non-detected results should not be simply omitted from the ecoscreen, « .
nor should zero values bé substituted in place of the SQL. e

For soil and sediment samples, the COPEC concentration typically used to represent the
environmental concentration for the ecoscreen is the maximum measured COPEC concentration.
However, if the COPCs are distributed uniformly at the site and the sample size is large enough,
a statistically derived value such as the 95% percent-uppercontidence-bmit{UCL) of the
arithmetic mean can be used (except when the 95% UCL exceeds the maximum concentration) to
represent the environmental concentration at the point of ecological receptors exposure. In this
case, the US EPA guidance document “Calculating Upper Confidence Limits for Lxposure Paini
Concentrations at Hazardous Waste SitesSnpplemental-Guidanceto-RAGS—Catenlating the-
Coneentrattons—Ferm” (US EPA, +992:2002h) should be consulted to estimate the 95 percent
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data is-eorrect-anbyfor samples that were collected with an appropriate random or systematic
sampling design and biased samples. If “hot spots” (i.e., small but highly contaminated areas)
are present at the site, it is recommended that exposure to “hot spots” be evaluated separately
because they may require separate consideration for risk management.

Water samples are less heterogeneous than soil or sediment samples, and it should be easier to
eomne-up-vwthderive a statistically supportable average COPEC concentration even with smaller
sample sizes. Data from unfiltered water samples should be used to estimate exposure point
concentration for terrestrial measurement receptors. Toxicity values and most biotransfer factors
for aquatic receptors are developed using the dissolved concentration of COPECs in water, so
concentrations in filtered samples correspond better to toxicity values for the aquatic receptors.

2.7  Refine 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 of COPECs, 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), and
» 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 exposure pathways. All exposure pathways 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.
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3.1.1. Aksess exposure to community measurement receptors

Invertebrate species in cach 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,
filtered water samples should be used to generate the exposure estimate. —

3.1.2. Assess Exposure to Class-specific Guild Measurement Receptors

For this type of measuremerit receptor; the exposure is assessed by quantitatively estimating the
daily dose ingested of contaminated food items and abiotic media using Hie-eEquation | 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.
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Equation 1. Daily Dose of COPEC Ingested.

B = {EJIR; *) I.J.-.-; F.S F.:r s F;} + {E"?F.'i.’ o lf-,_r o ﬁ_n‘}

Parameter Definition (units)

DD Daily dose of COPEC ingested (mg COPEC/kg BW-day)

IRz Measurement receptor daily ingestion rate (kg/kg BW-day)

Cr COPEC concentration in the food item (mg COPEC/kg)

Pr Proportion of the food item that is contaminated (unitless)

P Fraction of diet consisting of food item (unitless)

IRy Measurement receptor media ingestion rate (kg/kg BW-day [soil or
sediment] or L/kg BW-day [water])

Cm COPEC concentration in media (mg/kg [for soil or sediment] or mg/L
[for water])

Py Proportion of ingested media that is contaminated (unitless)

me — milligram

kg — kilogram
BW — body weight

L - liter

Fhe-equabon-tsed-to-estimatethisEquation | daily-dese-ingested-also contains the terms IRg and
IRy , 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 (IR and IRy)
and average body weights for measurement receptors from the example food webs are given in
AppendieDChapter 4 of US EPA 1999b and can be found in the Wildlife Exposures Factor
Handbook (EPA, 1993g). For the screening assessment, one would assume that all food and
media ingested came from the contaminated site, so Pr and Py would 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 exposure potential for a measurement receptor
and determination of exposure pathways associated with the highest potential risk for the
receptor. This information 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 of the diet. For an omnivore the term Fr =% for ingestion of plant
material and Fr = V2 for ingestion of animal food. Under the exclusive diet scenario, Fr = 1.0 for
plant material and for animal food, and the equation is solved individually for each food type. If
specific dietary composition information for the receptor is available, the daily dose of COPEC
ingested by a measurement receptor should be determined by summing the contributions from
each type of food item that constitutes more than 5% of the total diet and from ingestion of each
type of abiotic media. In this case, Fr would be set equal to 1/x, where x equals the number of
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food itemis being evaluated using the eq_uatibns. 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 concentrations measured on site within the
habitat being evaluated. The term Py indirectly 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, Py accounts 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., Pr and Py are each assigned a value of 1.0).
Other assumptions recommended for screening level risk assessments include the assumption
that the total of COPEC concentrations in food items and media are bicavailable, 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-specific values substituted for default values in the
equations must be based on information about the receptor known from the site or derived from
reliable literature sources

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

The preferred approach for determining the COPEC concentration for thesc receptor groups is to
multiply a measured media-to-receptor bioeoncentration-factor-{BCE)*' by 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 of COPECs from soil by 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 invertebrate receptors representing
sediment communities, the COPEC concentration in the organism is equivalent to the
concentration of the COPEC in the sediment multiplied by the sediment to benthic¢ invertebrate
bioconcentration factor (BCFgs.g1). 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

21 . . . . JN N . . ..
The 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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bioconcentration factor (BCFs.v).

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-invertebrate or 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 [by mass] moisture) (Pietz,
Peterson, Prater, and Zenz, 1984); and

» 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 Ky, as shown below. Other proven and validated models for
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-plant BCFs (Southworth et. al.,1978)

log BCF =1.588 - 0.578 log Koy Eqn. 2

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

log BCF = 0.819 log K,y - 1.146 ~ Eqn. 3

For water-to-fish BCFs (Travis and Arms, 1988),
log BCF = 0.76 x log Ko - 0.23 = Eqn. 4

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

AppendtcE-presenis-BCFs for a number of compounds which are commonly COPECs for the
following media-to-receptor combinations_are provided in US EPA 1999h""

= Appendix C al hitpfwww.epa.coviearth 1 16/6pd/irera_ciprotocolfslerap him
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Soil to soil invertebrate,

Soil to plant/sediment to rooted plant,
Water to aquatic invertebrate,

Water to algae,

Water to fish, and

Sediment to benthic invertebrate.

VVVVVY

The derivation for each of these BCFs is explained in the text portion of Appendix C of the EPA
suidance documentE (USPEA, 1999h),

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 equilibrium partitioning approach. Equilibrium
partitioning assumes that the concentration in those organisms is in equilibrium with the
concentration in the environment. This approach requires knowledge of the organic carbon
fraction data for soil and sediment. The approach is only applicable for hydrophobic nonionic
organic compounds for which an empirical water bioconcentration factor is known. The
equilibrium partitioning approach is based on the-eguation-belewEquation 5:

Equation 5. COPEC Concentration in the Soil or Bethic Vertebrate.
Ci = Crw x BCEw;

Parameter Definition (unit)
Cy COPEC concentration in the soil or benthic invertebrate (mg/kg)
Crw COPEC concentration in soil or sediment interstitial water (mg/L)
BCFw1 Bioconcentration factor for media to invertebrate (L/kg)

The concentration in interstitial water can be calculated using Equation 6:

Equation 6. COPEC Concentration in Soil or Sediment Interstitial Water.

‘ .(:[W. = CM J'Ir{fur X KO{.}
Parameter Definition (unit)

Crw COPEC concentration in soil or sediment interstitial water (mg/L.)
foc Fraction of organic carbon in soil or sediment (unitless)

Koc QOrganic carbon partitioning coefficient (IL/kg)

Cum COPEC concentration in soil/sediment (mg/kg)
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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 concentration due to this uptake is described by the equation
below which can be used to convert soil concentrations of COPECs into expected concentrations
in the aboveground portion of the plant due to root uptake. Fhis-eguatienEquation 7 incorporates
a BCF obtained using the methods in Section 3.1.2.1.

Equation 7. Plant Concentration Due to Root Uptake.
Pr=C. xBCF, x0.12

Parameter Definition (unit)
Pr plant concentration due to root uptake (mg COPEC/ kg WW)
BCF; soil-to-plant biotransfer factor (unitless)
C COPEC concentration in soil (mg COPEC/kg DW soil)
0.12 Dry weight to wet weight conversion factor (unitless)

WW — wel weizht

DW —dry welght

Fhis-eqgrationEquation 7 is based on Travis and Arms (1988), modified with a dry weight to wet
weight conversion factor of 0.12 from Taiz et af (1991). Malvesfor BCE arereproduced-in
Appendin-kE-of-this-decument—Literature values for BCF; may also be used; sources should be
checked to make certain the factors are for root uptake to the aboveground portion 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-eguastienEquation 8 for the COPEC
concentration is:
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Equation 8, COPEC Concentration in Fish.

C[.‘ = B{:F b4 FCM b C—dvs'

Parameter Definition (unit)
Cr COPEC concentration in fish (mg/kg)
BCFE bioconcentration factor for water-to-fish (L/kg)
FCM food chain multiplier for trophic level of fish (unitless)
Caw dissolved COPEC concentration in water (mg/L)

Since most BCFs for fish arg developed using the dissolved concentration of the COPEC in
water, dissolved concentrations are used in the-abeve-eguationEguation 8. 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-Appeadiet Appendix D of US EPA, 199b"

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 conservative assumption that compounds are not
metabolized. Determining the FCM from the table in AppendietAppendix [ of the EPA
suidance (US EPA, 199D) relies on knowing both the Ko, of the COPEC and the trophic level of
the consumer of the fish as determined during the food web development. The trophlc level
specific FCMs in the table were derived using the bioaccumulation factor (BAF N reported on a
lipid-normalized basis using the freely dissolved concentration of a chemical in the water (L/kg)
reported in Gobas (1993). The BAFs were based on chemical uptake, rate of compound
depuration, metabolism, and dilution (due to growth) in fishes.

Eguation 9. Food Chain Multiplier for the Trophic Level of the Prey
Ingested by a Measurement Receptor.

FCM = BAF/(K,,)

Parameter Definition (unit)
BAF bioaccumulation factor (L/kg) _
Kow specific octanol-water partition coefficient ( L/kg)

Since the Koy, of a compound approximates its bioconcentration factor (BCF) reported on a lipid-

'zf';‘_hl._lp:_."a"w ww.epiaoviearth letopdireraofprotocol/slerapd. im
Bioaccumulation 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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normalized basis using the freely dissolved concentration of the chemical in water, the-abeve
eguationbEquation 9 can also be written as:

Equation 10. Food Chain Multiplier for the Trophic Level of the Prey Ingested
by a Measurement Receptor.

FCM = BAF/BCF

Parameter Definition {unit)

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/invertebrate bioconcentration 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 of FCMs is
used (in the form of FCM, ., /FCMy, 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 of FCMs is equivalent to the biomagnification factor (BMF) which may be more
familiar.

3.1.2.4 Estimate COPEC concentration in 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 of FCMs to account for biomagnification.
The equations for mammals and birds in each of the three feedlng guilds are presented in the
following subsections. YalwestorFCMsund BCE
rereptett-theesrmmpledond e appeaia Appendin [ ok this-document

¥

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

The FCMs {sce Appendix D, US EPA, 199b) srevided-in-Appendix-F were developed to model
COPEC concentrations in fish as part of EPA’s Great Lakes study. To date, most
bicaccumulation 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 uncertainty may 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 estimate the 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 necessarily the trophic level directly consumed), a ratio of FCM:s is used (in the
form of FCMy, /FCM;, with x representing the trophic level of the prey and x + 1 representing
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the trophic level of the predator) in the equétions. This ratio of FCMs 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.

3.1.242

COPEC Concentration in Terrestrial Mammals or Birds

The specific BCF terms for wildlife measurement receptors incorporated in the subsequent
COPEC concentration equations can be found in Appendintotthis-decumentAppendix D of US
EPA 199 or obtained from the literature.

For herbivorous mammals or birds,-

Equation 11. COPEC Concentration in Herbivorous Mammals or Birds.
CHy = I:E"n ZBCFrp-gy - Pre A F—-Pal-'- "[._5-.'- BEF copy = P‘_:;-f"' ':C,“ i ‘QRCFW,_HH ®o Pyl
Parameter Definition (unit)
Cum COPEC concentration in herbivorous mammals or birds (mg/kg WW
tissue)
Crp COPEC concentration in terrestrial plants (mg/kg WW)
BCFrpam Terrestrial plant-to-herbivorous mammal or bird bioconcentration
factor (unitless)
Prp Ratio of contaminated to total terrestrial plant in diet (unitless)
Frp Fraction of diet comprised of terrestrial plants (unitless)
Cs COPEC concentration in soil (mg/kg DW)
BCFs.um Soil-to-herbivorous mammal or bird bioconcentration factor
(unitless)
Ps Ratio of contaminated to total ingested soil
Cetot COPEC concentration in water column (mg/L)
BCFw.um Water-to-herbivorous mammal or bird bioconcentration factor (L/kg)
Py Ratio of contaminated to total ingested water

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 (Cyg * (FCM7.3/FCMr12) * Pug * Fyg)
should be left out of the equation.
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Equation 12. COPEC Concentration in Omnivorous Mammal or Bird.

Com: = [Cmyy X (FEMys/FEM12) X Py * Fiuy| + (Crp X BCFrpiom X Prp % Frp)
+ [ Cipyg % (FCMyppa/FCMpy2) % P X Framl
+ [Cyp % (ECM113(ECMip2) % Pup X Fgl
+ (Cs X BCFsiom % Ps) + (Cycta % BCEwiom % Pw)

Parameter Definition (unit)
Com COPEC concentration in omnivorous mammal or bird (mg/kg WW tissue)
Cmy COPEC concentration in invertebrates (mg/kg WW tissue)
(FCM13/FCMrtr,) | Food chain multiplier for trophic level 3 predator consuming trophic level
2 prey (unitless)
Py Ratio of contaminated to total invertebrates in diet (unitless)
Fivv Fraction of diet composed of invertebrates (unitless)
Crp COPEC Congcentration in terrestrial plants ingested by the mammal
(mg/kg WW)
BCFrpomMm Terrestrial plant to omnivorous mammal or bird bioconcentration factor
(unitless)
Pp Ratio of contaminated to total plants in diet (unitless)
Frp Fraction of diet composed of plants (unitless)
Cus COPEC concentration in herbivorous birds ingested by the mammal or
bird (mg/kg WW Lissue)
Pus Ratio of contaminated to total herbivorous birds in diet (unitless)
Fus Fraction of diet composed of herbivorous birds (unitless)
Cum COPEC concentration in herbivorous mammals ingested by the mammal
or bird (mg/kg WW tissue)
Pum Ratio of contaminated to total herbivorous mammals in diet (unitless)
Fum Fraction of diet composed of herbivorous mammals (unitless)
Cs COPEC concentration in soil (mg/kg DW)
BCFs.om Soil to omnivorous mammal or bird bioconcentration factor (unitless)
Ps Ratio of contaminated to total soil ingested (unitless) :
Cuctot Total COPEC concentration in water column (mg/L)
BCFw.om Water to omnivorous mammal or bird bioconcentration factor (unitless)
Pw Ratio of contaminated to total water ingested (unitless)

For carnivorous mammals or birds in both terrestrial and freshwater ecosystems, prey items
can come from 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):
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E-quation 13. COPEC Concenfration in Omnivorous Mammal or Bird.

CCM = EIC}* b4 (FCMTMJ"FCMT]_X:I * PX = F};i + [Cs K'BCFS-.(;M it F'n,)

-+ {chml . ECF“.(“ = Pw)

Parameter Definition (unit)
Cem COPEC concentration in omnivorous mammal or bird (mg/kg WW tissue)
Cx COPEC concentration in prey item X (mg/kg WW tissue)
(FCM14/FCM7.x) | Food chain multiplier for trophic level 4 predator consuming trophic level
X prey (unitless)
Px Ratio of contaminated to total prey item X in diet (unitless)
Fx Fraction of diet composed of prey item X (unitless)
Cs COPEC concentration in soil (mg/kg DW)
BCFq.cuMm Soil to carnivorous mammal or bird bioconcentration factor (unitless)
Ps Ratio of contaminated to total soil ingested (unitless)
Cuetot Total COPEC concentration in water column (mg/L)
BCFw.cm Water to camivorous mammal or bird bioconcentration factor (unitless)
Pw Ratio of contaminated to total water ingested (unitless)
3.1.243 COPEC Concentration in 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 of biotransfer 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 frequently 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,

Equation 14. COPEC Concentration in Herbivorous Riparian/Wetland Mammal or Bird.

Crni = (Cay % BCF gvaan % Bay * Eay) +(Cap X BCEA Ly % Par % Egp)

+ (Csep % BCErsnm % Prg) + (Ciaa X BCEw .y ¢ Py)

Parameter Definition (unit)
Cum COPEC concentration in herbivorous riparian/wetland mammals or birds
(mg/kg WW tissuc)
Cav COPEC ¢oncentration in aquatic vegetation (mg/kg WW)
BCFav.uMm Aquatic vegetation-to-herbivorous mammal or bird bioconcentration factor
(unitless)
Pay Ratio of contaminated to total aquatic vegetation in diet (unitless)
Fav Fraction of dict comprised of aquatic vegetation (unitless)
CaL COPEC concentration in algae (mg/kg WW)
BCFarmm Algae-to-herbivorous mammal or bird bioconcentration factor (unitless)
Par Ratio of contaminated to total algae in diet (unitless)
FaL Fraction of diet comprised of algae (unitless)
Csep COPEC concentration in sediment (mg/kg DW)
BCFgrs.1um Sediment-to- aquatic herbivorous mammal or bird bioconcentration factor
(unitless)
Pgs Ratio of contaminated to total ingested bed sediment (unitless)
Cctot Total COPEC concentration in water column (mg/L)
BCFw.um 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 (Cyg * (FCM13/FCMrr2) * Pug * Fyg)
should be left out of the equation.
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Equation 15. COPEC Concentration in Aquatic Omnivorous Mammal or Bird.

Com = [Cri % (FCMya(FCMyy2) X Pyix Egy] + [Cy > (FCM g a/FEMpa) 5 Py X Fyal
+ ICH“ e (FCM“ ’pfrcwhj__}} b P]I\-T pod l"m.,i]
+ | Cyp x (FCMya/FCMyg3) X Prg X Fup
+ (Car X BCFALom % Par x Fap) + (Cay X BCEjviam X Pav % Fav)
+ (Csep % BCFps.om % Pes) + (Cyeor % BCFwom X Pyw)
Parameter Definition (unit)
Com COPEC concentration in aquatic omnivorous mammal or bird (mg/kg WW
tissue)
Cgy COPEC concentration in benthic invertebrates (mg/kg WW tissue)
FCMr13/FCMr11, |food chain multipliér for trophic level 3 predator consuming trophic level 2
prey (unitless)
Pg1 Ratio of contaminated to total benthic invertebrates in diet (unitless)
Fgi Fraction of diet composed of benthic invertebrates (unitless)
Cwi COPEC concentration in water invertebrates (mg/kg WW tissue)
Py Ratio of contaminated to total water invertebrates in diet {unitless)
Fwi Fraction of diet composed of water invertebrates (unitless)
Cum COPEC concentration in herbivorous mammals ingested by the mammal or
bird (mg/kg WW tissue)
Pum Ratio of contaminated to total herbivorous mammals in diet (unitiess)
Fruum Fraction of diet composed of herbivorous mammals (unitless)
Cur COPEC concentration in herbivorous birds ingested by the mammal or bird
(mg/kg WW tissue)
Pus Ratio of contaminated to total herbivorous birds in diet (unitless)
Fug Fraction of diet composed of herbivorous birds (unitless)
CaL COPEC Concentration in algac ingested by the mammal or bird (mg/kg WW)
BCFarLom Algae to omnivorous mammal or bird bioconcentration factor (unitless)
Par Ratio of contaminated to total algae in diet (unitless)
Far Fraction of diet composed of algae (unitless)
Cav COPEC Concentration in aquatic vegetation ingested by the mammal or bird
(mg/kg WW) ¥
BCFav.oMm Aquatic vegetation to omnivorous mammal or bird bloconcentratlon factor
(unitless)
Pav Ratio of contaminated to total aguatic vegetation in diet (unitless)
Fav Fraction of diet composed of aquatic vegetation (unitless)
Csep COPEC concentration in bed sediment (mg/kg DW)
BCFgs.om Bed sediment to omnivorous mammal or bird bioconcentration factor
(unitless)
Pps Ratio of contaminated to total soil ingested (unitless)
Coctot Total COPEC concentration in water column (mg/1. water)
BCFw.oMm Water to omnivorous mammal or bird bioconcentration factor (unitless)
Pw Ratio of contaminated to total water ingested (unitless)
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3.126. “Estimate COPEC Dose Ingésted by Mammals, Birds, Amphibians, and Reptiles
(Terrestrial Vertebrates)

The set of equations in the following subsections calculate the dose ingested for different feeding
guilds. These dose ingested equations estimate the exposure of members of the guild to the
COPEC; these values are then compared to Toxicity Reference Values (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,

Equation 16, Daily Dose of COPEC Ingested by Herbivorous Mammal or Bird.

Dy = (Crp X Riing X Prp X Frp) + (Cs % IRgm X Ps) -+ (Cweror % Ry % Piy)

Parameter Definition (unit)
Damt Daily dose of COPEC ingested by herbivorous bird or mammal (mg COPEC/kg
BW-day)
Crp COPEC concentration in terrestrial plants (mg/kg WW)
IRym Food ingestion rate of herbivorous mammal or bird in (kg WW/ kg BW-day)
Prp Ratio of contaminated to total terrestrial plant in diet (unitless)
Frp Fraction of diet comprised of terrestrial plants (unitless)
Cs COPEC concentration in soil (mg/kg DW)
IRs-um Doil ingestion rate of omnivorous mammal or bird (kg DW/kg BW-day)
Ps Ratio of contaminated to total ingested soil (unitless)
Cwceror Total COPEC concentration in water column (mg/L)
IRy.1m Water ingestion rate of herbivorous mammal or bird (L/kg BW-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 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 (Cug * IRom * Pup * Fus)
should be left out of the equation.
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Equation 17. Daily Dose of COPEC Ingested by Omnivorous Mammal or Bird.

Dt = (Crg 2 IRon % Py % Frng) + (Crip X IR0y % P % Fyg)
+(Ciy % IRons X Piny X Fpay)
+(Crp > IRy % Prp % Fip)+ (Cs % IRs.om % Pg)
+ (Cwetor % [Rw.om > Py)

Parameter Definition (unit)
Dom Daily dosc of COPEC ingested by omnivorous bird or mammal (mg COPEC/kg
BW-day)
Cam COPEC concentration in herbivorous mammals or birds (mg/kg WW tissue)
IRoMm Food ingestion rate of omnivorous mammal or bird (kg WW/ kg BW-day)
Pum Ratio of contaminated-to total herbivorous mammal in diet (unitless)
Frm Fraction of diet comprised of herbivorous mammals (unitiess)
Cugp COPEC concentration in herbivorous birds (mg/keg WW tissue)
Pug Ratio of contaminated to total herbivorous birds in diet (unitless)
Fup Fraction of diet comprised of herbivorous birds (unitless)
Cnv COPEC concentration in invertebrates (mg/kg WW tissue)
Py Ratio of contaminated to total invertebraies in diet (unitless)
Frey Fraction of diet comprised of invertebrates (unitless)
Crp COPEC concentration in terrestrial plants (mg/kg WW)
Pyp Ratio of contaminated to total terrestrial plant in diet (unitless)
Frp Fraction of dict comprised of terrestrial plants (unitless)
Cs COPEC concentration in soil (mg/kg DW)
IRs.om Soil ingestion rate of omnivorous mammal or bird (kg DW/kg BW-day)
Pg Ratio of contaminated to total ingested soil (unitless)
CwceroT Total COPEC concentration in water column (mg/L. water)
IRw.om Water ingestion rate of omnivorous mammal or bird (L/kg BW-day)
Pw Ratio of contaminated to total ingested water (unitless)
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For terrestrial carnivorous mammals and birds,

Equation 18. Daily Dose of COPEC Ingested by Carnivorous Mammal or Bird.

Dem = (Cus > IRy X Prg % Fiup) + (Cop X IRey X Pop X Fop)
+ (Com X IRy > Powm X Foa (Cruw X IR X P X Fraw)
+ (Cs ¢ IRgion % Ps) + (Cweror X [Rviiem X Pw)

Parameter Definition (unit)
Dem Daily dose of COPEC ingested by carnivorous bird or mammal (mg COPEC/kg
BW-day)
Cup COPEC concentration in herbivorous (mg/kg WW tissue)
IR oM Food ingestion rate of carnivorous mammal or bird (kg WW/ kg BW-day)
Pug Ratio of contaminated to total herbivorous birds in diet (unitless
Fus Fraction of diet comprised of herbivorous birds (unitless)
Cop COPEC concentration in omnivorous birds (mg/kg WW tissue)
Pog Ratio of contaminated to total omnivorous birds in diet (unitless)
Fop Fraction of diet comprised of omnivorous birds (unitless)
Com COPEC concentration in omnivorous mammals (mg/kg WW tissue)
Pom Ratio of contaminated to total omnivorous mammals in diet (unitless)
Fom Fraction of diet comprised of omnivorous mammals (unitless)
Cum COPEC concentration in herbivorous mammals (mg/kg WW)
Puwm Ratio of contaminated to total herbivorous mammals in diet (unitless)
Funm Fraction of diet comprised of herbivorous mammals (unitless)
Cs COPEC concentration 1n 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)
Cweror Total COPEC concentration in water column (mg/L. water)
IRw.cMm Water ingestion rate of carnivorous mammal or bird (L/kg BW-day)
Py Ratio of contaminated to total ingested water (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.
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3.1.2.7 Estimate COPEC Dose Ingested by Freshwater Mammals and Birds

For herbivorous riparian/wetland mammals and birds,

Equation 19. Daily Dose of COPEC Ingested by Herbivorous Mammal or Bird.

Dy = (Cav % IRy 3¢ Pay X Fay) + (Car, % Ry % Pap X Fap)
+ (Cagn % [Rsipn = Ps)+ (Cyweror % IRwam X Pyw)

Parameter - Definition (unit)
Dim Daily dose of COPEC ingested by herbivorous bird or mammal (mg COPEC/kg
BW-day)
Cav COPEC concentration in aquatic vegetation (mg/kg WW)
IRym Food ingestion rate of aquatic herbivorous mammal or bird (kg WW/ kg BW-
day)
Puiv Ratio of contaminated to total aquatic vegetation in diet {unitless)
Fav Fraction of diet comprised of aquatic vegetation (unitless)
CaL COPEC concentration in algae (mg/kg WW)
Par Ratio of contaminated to total terrestrial plant in diet (unitless)
Far Fraction of diet comprised of algae (unitless)
Csep COPEC concentration in bed sediment (mg/kg DW)
IRs.um Soil ingestion rate of aquatic herbivorous mammal or bird (kg DW/kg BW-day)
Ps Ratio of contaminated to total ingested bed sediment (unitless)
Cwcror Total COPEC concentration in water column (mg/L. water)
IRw.um 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 (Cyg * IRom * Pup * Fus) should be left
out of the equation.
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Equation 20. Daily Dose of COPEC Ingested by Omnivorous Mammal or Bird.

Dom = (Crin % IRom % Piim % Ejina) + (Cris % o % Piis X Fip)

+ (Cpy % IRy % Pp X Fap) + (Coy % IRy 2 Py 2 Fwi).
+(Cav % [Roy X Pay X Eay) + (Car X IRom X Pay X Fap)
+ (Csep % IRs.om % Ps) + (Cweror X IRwonm % Pyw)

Parameter Definition (unit)
Dom Daily dose of COPEC ingested by omnivorous bird or mammal (mg COPEC/kg
BW-day)
Cum COPEC concentration in herbivorous mammals (mg/kg WW)
IRom Food ingestion rate of omnivorous mammal or bird (kg WW/ kg BW-day)
Pum Ratio of cortaminatedto total herbivorous mammal in diet (unitless)
Frv Fraction of diet comprised of herbivorous mammals (unitless)
Cus COPEC concentration in herbivorous birds (mg/ke WW)
Pup Ratio of contaminated to total herbivorous birds in diet (unitless)
Fus Fraction of diet comprised of herbivorous birds (unitless)
Chg; COPEC concentration in benthic invertebrates (mg/kg WW)
Pp; Ratio of contaminated to total benthic invertebrates in diet (unitless)
Fri Fraction of diet comprised of benthic invertebrates (unitless)
Cwi COPEC concentration in water invertebrates (mg/kg WW)
Py Ratio of contaminated to total water invertebrates in diet (unitless)
Fuwi Fraction of diet comprised of water invertebrates (unitless)
Cav COPEC concentration in aquatic vegetation (mg/kg WW)
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 (mg/kg WW)
Par Ratio of contaminated to total algae in diet (unitless)
FaL Fraction of diet comprised of algae (unitless)
Csep COPEC concentration in bed sediment (mg/kg DW)
Rs.om Soil ingestion rate of aquatic omnivorous mammal or bird (kg DW/kg BW-day)
Py Ratio of contaminated to total ingested bed sediment (unitless)
Cwcrot Total COPEC concentration in water column (mg/L water) £
TIRw.om Water ingestion rate of aquatic herbivorous mammal or bird (L/kg BW-day)
Pw Ratio of contaminated to total ingested water (unitless)
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For carnivorous riparian/wetland mammals and birds,

Equation 21. Daily Dose of COPEC Ingested by Carnivorous Mammal or Bird.

Dene= (Cup % IRew % Prig X Fap) + (Copx IReym X Par % Fop)
+ (Cep % IRy x Pep X Fep) +(Cop X [Rem X Pop % Fag)
+ (Com % IRem % Pong Fowm) + (Crig % IRem X P X Frpv)
+ (Csep % IRs.om X Pg + (Cweror X Ryen X Pw)

Parameter Definition (unit)
Dem Daily dose of COPEC ingested by carnivorous bird or mammal (mg COPEC/kg
BW-day)
Cup COPEC concentration in herbivorous birds (mg/kg WW tissue)
IRcum Food ingestion rate of camivorous mammal or bird (kg WW/ kg BW-day)
Pus Ratio of contaminated to total herbivorous birds in diet (unitless)
Fup Fraction of diet comprised of herbivorous birds (unitless)
Cor COPEC concentration in omnivorous fishes (mg/kg WW tissue)
Por Ratio of contaminated to total omnivorous fish in diet (unitless)
Fop Fraction of diet comprised of omnivorous fish (unitless)
Ccr COPEC concentration in carnivorous fish (mg/kg WW tissue)
Pcr Ratio of contaminated to total carnivorous fish in diet (unitless)
Fcr Fraction of diet comprised of carnivorous fish (unitless)
Cop COPEC concentration in omnivorous birds (mg/kg WW tissue)
Pog Ratio of contammated to total omnivorous birds in diet (unitless)
Fogr Fraction of diet comprised of omnivorous birds (unitless)
Com COPEC concentration in omnivorous mammals (mg/kg WW tissue)
Pom Ratio of contaminated to total omnivorous mammals in diet (unitless)
Fom Fraction of diet comprised of omnivorous mammals (unitless)
Cim COPEC concentration in herbivorous mammals (mg/kg WW tissue)
Pum Ratio of contaminated to total herbivorous mammals in diet (unitless)
Fum Fraction of diet comprised of herbivorous mammals (unitless)
Csep COPEC concentration in bed sediment (mg/kg DW)
IRs.cm Soil ingestion rate of aquatic carnivorous mammal or bird (kg DW/kg BW-day)
Ps Ratio of contaminated to total ingested bed sediment (unitless) .
Cwceror Total COPEC concentration in water column (mg/L. water)
Rw.cMm 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 identifying toxicity-reference- vatiestTR V) specific to a
COPEC and to the measurement receptor being 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 developed based on a no-observed-adverse-effect level
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(NOAEL) for a particular COPEC, except for aquatic and sediment receptors (see Section 3.2.1).
NOAELSs are derived experimentally or by applying uncertainty factors to available toxicity data.
Since a screening level ecological risk assessment should 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 mg/kg [soil or
sediment] or mg/L [water]}, since we have assumed that the level of COPEC in these organisms
will be proportional to the concentration found in the media.

TRVs for upper trophic level class-specific guilds are expressed in terms of dose ingested (in
mg/kg BW/day). The ingested dose can be calculated using 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 from toxicity values derived from a number of sources.
Values for TRVs specific to the measurement receptors presented in the food webs in this
guidance document are presented in Appendix E& of US EPA 199b”. In order of decreasing
general preference, these sources are: ‘

» Toxicity values used by regulatory agencies (standards, criteria, guidance, benchmarks)
These values are typically developed for surface water and sediment such as state or
national ambient water quality criteria (AWQC) for surface water and National Oceanic

sediment.

Toxicity values published in the scientific literature.

Toxicity values generated for sediment using equilibrium partitioning.
Toxicity values from surrogate compounds.

A\ A1

3.2.1 Toxicity Values for Community Measurement Receptors

Surface Water

The preferred toxieivy-refereneevatues{ TR Vs3 for surface water measurement receptors are the
current New Mexico chronic numeric water quality standards for fisheries and wildlife habitat
(NM WQCC-Appendislorenrrent-revision)” or the chronic National Recommended Water
Quality Criteria (NRWQC) for the protection of freshwater aquatic life (UUS EPA, 1999c¢),
whichever is more stringent. The chronic NRWQC or the criterion continuous concentration
(CCC) is defined as an estimate of the 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

~ hupefiwww.epa.soviearth | r6/6pdirera_c/protocolfslerap htm

hetpffwww, nmeny, state ooy us/NMED . reos/swab/20MMACE |Lhiml
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communities in the United States. The NRWQC for several metals are functions of water
hardness. The criteria that are hardness-dependent were calculated using a hardness of 100 mg/L
as calcium carbonate (CaCOs).- Therefore, for sites with different water 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 CaCOs, a
factor of 400 mg/L should be used. If the site-specific hardness is less than 50 mg/L. as CaCOs;, 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 I method described in the Great Lakes Water Quality
Initiative (GLWQI) (40 CFR §122, et al.). Using the Tier Il 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, 4996k19964). The Eco
Update includes 34 Ecotox Thresholds (ETs) developed by Suter and Mabrey (1994) using the
GLWQI Tier I 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 [V
chronic surface water screening values 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 CaCOs;. 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 [V, 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). These values were derived using the equilibrium N
partitioning (EqP) method described in Technical Basis for Deriving Sediment Quality
Criteria for Nonionic Organic Contaminants for the Protection of Benthic Organisms by
Using Equilibrium Partitioning (US EPA, 1993f). Fhe-equationbquation 22, for
estimating the SQC is:
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Equation 22. Proposed Sediment Quality Criterion.
SOE =t x Ko ECY

Parameter Definition (unit)
SQC Sediment quality Criterion
foc Mass fraction of organic carbon for sediment
Koe Organic carbon partition coefficient
FCV Final 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, +9496b1996a). -The SQC values presented in the ECO Update are
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 s Office of Water and Office
of Solid Waste. The SQBs are calculated using the same EqP approach as the SQC
except that Tier IT surface water SCVs are substituted for the AWQC or [inal chronic
valueFEY in the calculation. The SQBs are presented in the ECO Update (US EPA,
1996k 19964a). 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 ihe Mationul- Oeeanicand-dmospherie-Adminsiratons{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 ECO Update (US EPA, +99651996a). 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 strong acid digestion techniques. No-
effects, posmble -effects, and probable-effects were developed. The ER-L values represent the
lower 10™ percentile concentration associated with observation of biological effects. According
to this method, concentrations below the ER-L should rarely be associated with adverse effects.
The ECO Update (US EPA, +29651996a) 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.
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» 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
hitp://response.restoration.noaa.gov/living/SQuiRT/SQuiR T html.

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 Jowest observed adverse effect level (LOAEL),

Subchronic 1.OAEL,

Acute median lethality point estimate | lethal concentration 50% (I.Csq) or lethal dose 50%
(LDsp )], and

» Single dose toxicity value.

VVVVYY

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 (UFs) discussed in
Section 3.2.2.2 can be used to extrapolate the other types of toxicity test results listed into
chronic NOAELSs for use as TRVs. When appropriate, these UFs have been applied to
development of the default TRVs-i-Appendint.

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 terms 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-GUS EPA 199b) must be part of the Ecoscreen Report. Desirable elements
that should be included in a summary to allow adequate review of toxicity studies include:
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Species employed,

Critical toxicity endpoint or target organ and all other endpoints evaluated,
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, and

Source used. = -

YV VYVVVVVVVVVY

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 of TRV 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.

YV VVYVYVY

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 sreertainty-factors{UFs has been developed for
extrapolating a chronic NOAEL value from other toxicity values; these UFs are designed to be
protective by preventing underestimation of the chronic NOAEL value (Chapman et al., 1998).

The following UFs should be used to extrapolate toxicity test data to a chronic NOAEL. Fither a
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concentration (LOEC)] or a subchronic NOAEL should be multiplied by a UF of 0.1 to
extrapolate to a chronic NOAEL. An acute lethal value ¢]LCsp, LDsp, or median effective
concentration (ECsg)] should be multiplied by a UF 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 UFs 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 UFs are used, the user should demonstrate both the rationale (or source) for

the UF values and how the use of these other UFs are still be protective of the environment.

Subchronic NOAEL x 0.1 = chronic NOAEL Eqn. 23
Chronic LOAEL (or LOEL or LOEC) x 0.1 = chronic NOAEL Eqn. 24
(LCsp, LDsp, or ECsp) x 0.01 = chronic NOAEL Eqn. 25

¢ 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 measurement receptor for each pathway.
» Summary of toxicity values including:
Species employed,
Critical toxicity endpoint or target organ and all other endpoints evaluated,
Chemical form of compound tested,
Number of animals/group and their body weights,
Study duration,
All doses and exposures examined, including dosing schedule, rates, and
concentration,
Vehicle of dose,
The quantitative toxicity estimate from the source used/sclected,
Dose conversion method, if applicable,
Overall weight of evidence or uncertainty factors applied, confounding factors,
and rationale,
o Toxicity value recommended as TRV, and
e Source used.
» Media concentrations for community TRVs.
» TRVs extrapolated from toxicity data for measurement receptors.

* & & 0 0 o
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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) divided by the TRV developed
in Section 3. For community receptors, the COPEC EEL is equal to the media concentration of
the COPEC. For guild measurement receptors, 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.

Equation 26. COPEC-specific Ecological Screening Quotient for a Receptor.
ESQ = EEL/TRY

Parameter Definition (unit)
ESQ COPEC-specific ecological screening quotient for a receptor (unitless)
EEL Estimated exposure level (mass COPEC/mass media [for community
receptors] or mass daily dose ingested/mass BW-day [for class-specific
guild receptor])

TRV COPEC-specific toxicity reference value for a receptor (mass COPEC/mass | *
media [for community receptors] or mass daily dose ingested/mass BW-day
[for class-specific guild receptor])

If multiple COPECs are present at a site, each of the COPEC- specific ESQ values for a receptor
should be summed to derive a eumtlativeccslosical sereening guotient{CESQ) for each
receptor, according te-the fellowingequationlquation 27:
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Equation 27. Receptor~specif-ic Cumulative Ecological Screening Quotient

CES QRcﬁcntm - E, ES QCUP}-(:

Parameter Definition (unit)
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).

42  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 measurement receptors 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
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.

YVV VYV VYV
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For the purposes of an ecoscreen, the effect of these assumptions should be qualitatively
discussed in the uncertainty analysis. 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 ecosystem will 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
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 aresult, 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. P ]
Bioavailability of COPECs can vary substantially with 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 determine values for wildlife species. Extrapolating

from one type of toxicity data to the chironic NOAEL is also a source of uncertainty in the

assessment.

Sources of uncertainty arise also from the inherent complexities of the 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 often unavailable and therefore, their effect on ecological risk
estimates cannot be addressed quantitatively.
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The effect of these factors on the ecological risk 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 ecoscreen report follows this format.

¢ Recommended Information for the Ecoscreen Report

» Results of ESQ/CESQ calculations for each measurement receptor and each COPEC.
» Evaluation of nature/magnitude of risk.
» Qualitative analysis of impact of uncertainties on risk assessment process.

50 RECOMMENDED. CONTENT OF THE ECOSCREEN REPORT

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 recommended that this additional information be included in an
appendix to the risk assessment report and merely 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
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 determine habitats;

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 exposure model;

Estimated COPEC concentration in each component of each trophic level;
Quantified exposure for each measurement receptor for each pathway;

Summary of toxicity values including:

. Species employed,

Critical toxicity endpoint or target organ and all other endpoints evaluated,
Chemical form of compound tested,

Number of animals/group and their body weights,

Study duration,

All doses and exposures examined, including dosing schedule, rates, and

VVVVVVVVVVVVYY
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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, and

. Source used;

Media concentrations for community TRVs;

TRVs extrapolated from toxicity data for measurement receptors;

Results of ESQ/CESQ calculations for each receptor and each COPEC;
Evaluation of nature/magnitude of risk from ESQs exceeding screening level; and
Qualitative analysis-of impact of uncertainties on risk assessment process.

VYV VVY

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 HD. However, the following restrictions or
limitations should be kept in mind when estimating or applying the so0il screening levels:

» They are applicable to exposure and risk from soil;

» They are not appropriate if there is a potential of COPECs transport between different
media (e.g., from soil to water);

» When ingestion of contaminated water is also important exposure pathway for a receptor
soil screening levels may differ from those derived by using the process described in
Appendix HD; and

» '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 Suinmary of Uncertainty Analysis

Uncertainty Element

Effect on Risk Estimates

Potential for
Overestimation

Potential for
Underestimation

Potential for Over- or
Underestimation

Envirenmental Data

Use of maximum values as
exposure point concentrations
for all media

Moderate-High

Use of current exposure
concentrations to represent
future site conditions (i.e.,

assumption of no attenuation of 1

site chemicals)

Moderate

Elimination of chemicals from
quantitative analysis based on
background levels

Insufficient data to fully
characterize all media being
evaluated

Fate and Transport Parameters

Assumption on the 100%
bioavailability of COPECs in
the environmental media and
diet

Moderate

Use of literature-based BCFs

Moderate

Exposure Assumptions

Use of literature-based exposure
parameter values

Low

Assumption on area use factor

Low-Moderate

Toxicity Data

Use of literature-based sources
of chemical’s effect data (i.e.,
not specific to the site ’
conditions)

Low-Moderate
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oFourthgTecl;hical Decision Point: How'Can the Problems ét 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 determination of an appropriate remedy?
» Would remediation be more cost effective than further investigation?
» Would a site-specific risk assessment change the results of the ecoscreen for the site?

The last question is an important one which is often overlooked. Based on professional
judgement and an examination of the ecoscreen report, risk managers should try to ascertain
whether those COPEC:s that exceed the screening levels do so because of limitations in the
ecoscreen model or because levels of those COPECs may truly represent excessive risk. If there
are indications that the limitations of the ecoscreen model can be overcome by collecting site-
specific information, then the facility has the option of doing a site-specific risk assessment. US
EPA’s Ecological Risk Assessment and Risk Management Principles for Superfund Sites (US
EPA, 1999d) aids in planning site-specific ecological risk assessments of appropriate scope and
complexity while Eco Update (US EPA. 2001) discusses using the results of the screening level
risk assessment Lo refine COPECs for a more detailed, site-specific risk assessment,
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{http://www.adeqg.state.ar.us/hazwaste/branch_tech/pdfs/ecochecklist.pdf)

Checklist for Ecological Assessment/Sanipling

The checklist has been divided into sections that correspond to data collection methods and
ecosystem types. These sections are:

I

I

Site Description
IA.  Summary of Observations and Site Setting

Terrestrial Habitat Checklist -
IIA. Wooded

IIB. Shrub/Scrub

IIC.  Open Field

IID. Miscellaneous

Aquatic Habitat Checklist — Non-Flowing Systems
Aquatic Habitat Checklist — Flowing Systems

Wetlands Habitat Checklist
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I. SITE DESCRIPTION

1. Site Name:

Location:

County: City: State:

2. Latitude: Longitude:

3. What is the approximate area of the site:

4, Ts this the first site visit? Yes No. If no, attach trip report of previous site visit(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 acrial or other site photographs available? Yes No. If yes, please attach any available

photo(s) to the site map at the conclusion of this section.

7. The land use of the site is: The area surrounding the site is:

mile radius

% Urban % Urban
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% Rural __ % Rural

__ %Residential ______ % Residential

_ %Industrial (___ light _ heavy) 9% Industrial (___light  heavy)

_____ % Agricultural ______ % Agricultural

(Crops: ) _(Crops: )

% Recreational % Recreational

(Describe: note if it 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? Yes No. If yes, please identify the
most likely cause of this disturbance:

__ Agricultural Use ____ Heavy Equipment ____ Mining

—__ Natural Events __ Erosion __ Other

Please describe:
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9. Do any’i)otenfial sensitive environmental areas exist adjacent to or in prbximity 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 the 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?
Chemical Manufacturing Mixing Waste disposal

Other (specify)

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

concentration levels?

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

Swales Depressions Drainage ditches
Runoff Windblown particulates Vehicular traffic
Other (specify)
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13. If known, what is the approximate depth to the water Table?

14. Is the direction of surface runoff apparent from site observations? yes no. If yes, to which of the
following does the surface runoff discharge? Indicate all that apply.
Surface water Groundwater Sewer Collection impoundment

15. Is there a navigable waterbody or tributary to a navigable waterbody? yes no

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.  yes (approx. distance ) ne

17. Is there evidence of flooding? yes no Wetlands and flood plains 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?
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yes molf ye_;, you are required to verify this information with the U.S. 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 (EC/EF) Normal daily high temperature
Wind (direction/speed) Precipitation (rain, snow)

Cloud cover
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IA. SUMMAR§ OF OBSERVATIONS AND SITE SETTING

Completed by Affiliation

Additional Preparers

Site Manager

Date
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I TERRESTRIAL HABITAT CHECKLIST
ITA. WOODED

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

2. What percentage or area of the site is wooded? ( % acres). Indicate the wooded

arca on the site map which is attached to a copy of this checklist. Please identify what information was

used to determine the wooded area of the site.

3. What is the dominant type of vegetation in the wooded area? (Circle one: Evergreen/Deciduous/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.

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

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

IIB. SCHRUB/SCRUB

1. Is shrub/scrub vegetation present at the site? yes no If no, go to Section IIC: Open Field.
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2. What pércentz_lge of the site is covered by scrub/shrub vegetation? ( % acres),
Indicate the areas of shrub/scrub on the site map. Please identify what information was used to determine

this area.

3. What is the dominant type 6f scrub/shrub vegetation, if known? Provide a photograph, if available.

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

0-2ft 2-5ft > 5 ft.

5. Based on site observations, how dense is the scrub/shrub vegetation?

Dense Patchy Sparse

IIC. OPEN FIELD
1. Are there open (bare, baﬁen) field areas present at the site? 9 yes 9 no If yes, please indicate the type

below:

Prairie/plains ~ Savannah Old field  Other (specify)

2. What percentage of the site is open field? ( % acres). Indicate the open fields on

the site map.
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3. What is/are the dominant plant(s)? Provide a photograph, if available.

4. What is the approximate average height of the dominant plant?

5. Describe the vegetation cover:  Dense Sparse Patchy

IID. MISCELLANEOUS
1. Are other types of terrestrial habitats present at the site, other than woods, scrub/shrub, and open field?

yes 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 OBserve;tions, 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 determine if any additional habitat checklists should be completed

for this site.
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IIT AQUATIC HABITAT CHECKLIST
Note: Aquatic systems are often associated with wetland habitats. Please refer to Section V, Wetland

Habitar Checklist,

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

Natural (pond, lake) Artificially created (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 known uses (e.g., recreation, navigation, etc.)?

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

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

Emergent Submergent Floating

6. If known, what is the depth of the water?
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7. What is the ge_:heral composition of the substrate? Check all that apialy. _

Bedrock Sand (coarse) Muck (find/black)
Boulder (>10 in.) Sikt (fine) Debris

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

Gravel (0.1 - 2.5 1n.) Clay (slick) Concrete

Other (specify)

8. What is the source of water in the waterbody?
River/Stream/Creek Groundwater  Industrial discharge

Surface runoff Other (specify)

9. Is there a discharge from the site to the waterbody? vyes no If yes, please describe this

discharge and its path.
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10. Is there a digéharge from the waterbody? yes no. If yes, and the information is available,

identify from the list below the environment into which the waterbody discharges.

River/Stream/Creek. onsite offsite Distance
Groundwater onsite offsite

Wetland onsite offsite Distance
Impoundment _ onsite offsite

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:
Area
Depth (average)
Temperature (depth of the water at which the reading was taken)
pH
Dissolved oxygen
Salinity
Turbidity (clear, slightly turbid, turbid, opaque) (Seecchi disk depth )

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

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

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?

River Stream Creek

Dry wash ) — Arroyo Brook
Artificially created (ditch, etc.) Intermittent Stream Channeling
Other (specify)

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.)? vyes no lf yes, please describe indicators that were observed.

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

Bedrock Sand (coarse) Muck (find/black)
Boulder (>10 in.) Silt (fine) Debris

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

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

Other (specify)
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5. What is the condition of the bank (e.g., height, slope, extent of vegetati\}e cover)?

6. Is the system influenced by tides? yes no What information was used to make this determination?

7. Is the flow intermittent? yes no If yes, please note the information that was used in making this

determination.

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

its path.

9. Is there a discharge from the waterbody? yes no If yes, and the information is available, please

identify what the waterbody discharges to and whether the discharge is on site or off site.
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10. 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:
Area
Depth (average)
Temperature (depth:bf the wate} at which the reading was taken)
pH |
Dissolved oxygen
Salinity
Turbidity (clear, slightly turbid, turbid, opaque) (Seecchi disk depth )

Other (specify)

11. Describe observed color and area of coloration.,

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

Emergent Submergent Floating
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13. Mark the ﬂ(;Wing 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 observation and/or available information, are designated or known wetland definitely present
at the site? yes no
Please note the sources of observations 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?

yes no If yes, proceed with the remainder of the wetland habicat identification checklist.

3. What type(s) of vegetation are present in the wetland?
Submergent Emergent Scrub/Shrub Wooded

Other (specify)
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4. Provide a gen;ral 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 standing water present? yes no If yes, is water: Fresh  Brackish

What is the approximate area of the water (sq. ft.)

Please complete questions 4, 11, 12 in Checklist IIT - Aquatic Habitat — Non-Flowing Systems.

6. Is there evidence of flooding at the site? What observations were noted?
Buttressing Water marks  Mud cracks

Debris line Other (describe below)

7. If known, what is the source of the water in the wetland?
Stream/River/Creck/Lake/Pond Groundwater

Flooding Surface Runoff
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8. Is there a discl_;érge from the site to a known or suspected wetland? yes nolf yes, please

describe.

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

Surface Stream/River Groundwater Lake/Pond Marine

10. 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/grey, brown, black, mottled)

Water content (dry, wet, saturated/unsaturated)

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

EXAMPLE FOOD WEB#S
(from Chapter 4 of EPA, 1999a)
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T4

SECONDARY
CARNTVORES

TL2
PRIMARY
CARNIVORES

TLZ

HERBIVORES

TL}

PRIMARY
PRODUCERS

Example Chihuahan Desert Food Web. As with all example food webs in this guidance, this web should be
modified io reflect the species present at the actual site nnder consideration. Source: adapted from arid lands food
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Carmivorsts narmrseis: Carnivorous birds:
Bobcat, soyois, badger Roadrunmer, havks
I
a & X
Carnivorous
arthrapods:
anty, bees,
owis \ Carnivorous r2ptiles: wasps, creb
. lizards, snakes §p1de§*s;
TR A Jumpicg
\ spiders
F.
Lagomorphs: Herbivorous &
Antelope Rodents: Kaugaroo Rats, detritivorous

l Jackrabivit paciet mice msects:

: Dasert 'y Grasshoppers,

! cotronfail ant, cicadss,

¢ \\ aphids, termites

= /
vegetation
F
soil
nutrients, detsitus

webs provided by Dr. Walier Whitford at the USDA Agriculteral Service in Las Cruces, NM.
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TLS
SECCHTARY/TERTIARY
CABNIVORES

TL 4
SECOUDARY
CARNIVORES

L3

FRIMARY CARNTVORES

TLZ
HERBIVORES

Tt
PRIMARY
PRODUCERS

camivorous birds: | carnivorots mammimals:
Herens, seagulls, redtailed kawk, comorant raccoon, coyote,
b F & f weasel
£
\ casniverous repiiies
t & amphibians
\ turtles, frogs
3 + A
. [
fnsectivorous \ !
Qdonata:
birds: ] Gishes: shiners,
Sandpiper, mosquitsfish, chubs, dace ‘ bots
killdeer,
flvcatcher / k
hegbivurous birds: aquatic invertebrates: branchiopods,
ducks gastropods, amphipods, copepods,
= isopods, and aquatic insects

syuatic vegatation

!
|

phytepianiton/distomns
Y

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 shove groups are actually present at the lake being screened for ecological risk. Soumwe:
adapted from Lake Water Quality Assessment Surveys, Playa Lakes, 1994, NMED Document number
SWQ-96/3,
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SITE-SPECIFIC SOIL SCREENING LEVELS
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SITE-SPECIFIC SOIL SCREENING LEVELS?

This is an OPTIONAL step that may be appropriate for large facilities which are screening a
number of sites with similar habitats for common COPECs. It provides a method for calculating
levels of COPECs in abiotic media that should not represent an excessive risk to the ecosystem as
a whole because of the conservative assumptions in this method. The media specific screening
levels are only protective of the food web exposure pathways for which they were derived; their
appropriateness needs to be verified on a site-specific basis.

Establish ecologically based screening levels (EBSLs)

Site specific ecologically based screening levels (EBSLs) are calculated using the dietary exposure
model and TRVs developed during the ecoscreen. EBSLs are determined by assembling a reliable
set of TRVs from the available toxicity data. These TRVs are used to represent the maximum
safe daily ingested dose for class-specific guild measurement receptors or media concentrations
for community measurement receptors. In calculating these media concentrations it is assumed
that there is no possibility for the transport of contamination between media. EBSLs cannot be
calculated for sites where contamination may be transported from one media to another since this
transport would alter the media concentration or dose ingested to differ from that calculated using
the equations. The dose or media concentration is then put into the equations for each community
and feeding guild measurement receptor, which are then solved for the allowable concentration in
the media. For community receptors the media would be the one for the community, and for the
guild measurement receptors all contaminated media would be included as a route of exposure.
For each receptor, acceptable media levels would need to be calculated for all complete pathways.
Once the calculations were completed for all receptors, the lowest calculated screening level for
each media would be the EBSL for that media.

Calculate screening level hazard quotients (SLHQ) for individual COPECs

A screening level hazard quotient (SLHQ) can be calculated for each COPEC in each media found
at each of the sites by dividing the maximum COPEC concentration found at the site by the EBSL
developed above for that COPEC. These SLHQ can be used both to screen out sites that do not
represent excessive ecological risk and to prioritize the different media at a single site for
corrective action.

3ee Section 6.0 for limitations of ecologically-based media screening levels.
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