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Introduction 

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. 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 "the process that evaluates the likelihood that adverse ecological 
effects may occur or are occurring as a result of exposure to one or more stressors" (US EPA 
1992a). 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 Hazardous and Radioactive Materials Bureau (HRMB) of the New Mexico Environment 
Department (NMED) has produced this screening level ecological risk assessment guidance for 
chemicals to promote consistency, efficiency, and scientific rigor in risk assessments reviewed or 
conducted by HRMB and other NMED bureaus. The development of a detailed guidance for 
assessing ecological risks will also fill an information gap because there is a little direction in 
this area. Ultimately, this guidance document will assist both the regulated communities and 
regulators by providing a source of consistent scientific direction. 

The HRMB ecological risk assessment process consists of two distinct levels: 

~ 

Level I 
Level II 

Screening-Level Ecological Risk Assessment 
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 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 
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determine one ofthree recommendations: 

... No further ecological investigation at the site, or 

... Continue the risk assessment process, and/or 

... Undertake a removal or remedial action 

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 (1989b, 1997a, 1999a, 1999b) and other EPA guidance 
documents. The purpose of issuing this guidance is to provide a tool for conducting consistent 
ecoscreens by RCRA hazardous waste permitted facilities and corrective action/remediation 
projects under Hazardous and Solid Waste Amendments (HSWA). 

This guidance presents a detailed method for 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 

Prerequisites 

Site characterization must be sufficient to define the nature and extent of contamination. 
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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 buried at 9,000 
centimeters [em] (300 feet) below ground surface 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 
investigator to qualitatively evaluate the potential threat to biota1 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.e., 
Phase II: Screening Assessment) and/or interim measures2 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 HRMB will determine whether quantitative screening assessment or interim 
measures may be required for the site. 

1.1 Compile and Assess Basic Site Information 

The basic information on the physical and biological aspects of the site should be obtained to 
prepare for the site visit. This includes, but is not limited to the following: 

1 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/or to prevent or minimize the further migration of contaminants while long-term remedies are pursued. 

Revision 0.0 
8/30/99 
Page7 

DRAFT 



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

.. Surface area and physiographic setting of the site; 

.. Meteorological information: rainfall, temperature, wind speed and prevailing 
direction; 

.. Current and historical uses of the site and nearby properties; 

.. Current and reasonably likely future land and/or water use(s); 

.. Sensitive environments3 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 (as documented by response letters from the New Mexico Department of 
Game and Fish (NMGF), tribal environmental agencies, the U.S. Fish and 
Wildlife Service (USFWS), the U.S. Forest Service (USFS), the New Mexico 
Forestry Division (NMFD) of the Energy, Minerals and Natural Resources 
Department, or the U.S. Bureau of Land Management (USBLM). 
Accurate site and regional maps showing buildings, roads, pavements, on- and 
off-site land uses (e.g., industrial, residential, rangeland, agricultural, or 
undeveloped; current and future), sampling locations, wetlands, surface water 
bodies, sensitive environments, etc.; 

.. Types of hazardous substances reportedly released at the site; 

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

Checklists presented in Appendix A of the Ecological Risk Assessment Guidance for Superfund: 
Process for Designing and Conducting Ecological Risk Assessment (US EPA, 1997a) can be 
adopted for collecting this information. 

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 ecosystem determined 
above actually still exists at the site and that unexpected land use changes have not occurred. 
This is also an excellent opportunity to record dominant plant and animal species at the site. 

The site visit should be conducted at a time of the year when ecological features are most 

3Sensitive environments or habitats are defmed as federally- or state-designated areas that require 
protection or special consideration; Table 2 lists several types of sensitive environments. 
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apparent, i.e., spring, summer, early fall. Visits during one season (e.g., the winter time) might 
not provide evidence of the presence or absence of receptors and potential 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 
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 signs of threatened or endangered species or their habitats within, adjacent to, 
and in the locality of the site, 

... search for any signs (seeps, springs, cut banks, etc.) of groundwater discharge to 
the surface, 

... note any natural or anthropogenic site disturbance. 

Ecological scoping checklists presented in Appendix A of the Ecological Risk Assessment 
Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessment 
(US EPA, 1997a) can be adopted for collecting this information. 

1.3 Identify 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 list of preliminary contaminants of potential ecological concern 
(PCOPECs). 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 a 
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contaminant not generally considered a threat to human health may cause a threat to 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. 

1.4 Develop a Preliminary Conceptual Site Exposure Model 

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

... a source and mechanism for hazardous waste/constituent release to the 
environment, 

... an environmental transport medium for the hazardous waste/constituent, 

... a point of receptor contact (i.e., 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 and 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 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 lacks 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 
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will remain completely paved in the future (provided there is no access for burrowing animals4). 

In order to remove a site from further consideration based on a lack of receptors, it is necessary 
to demonstrate that the contamination is inaccessible to wildlife (for example, buried below an 
ecologically relevant depth5

) and that this inaccessibility will be maintained in the future and will 
not be transported to surface water via surface runoff or erosion or ground water pathways. 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, a table such as Table I showing 
the probable complete exposure pathways at the site should be constructed. 

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 Prepare 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. 

4Burrowing 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 mammals such as 
badger, prairie dog, gopher, vole, fox, ants, beetles, etc. 

5Ecologically 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. For example, alfalfa 
(Medicago sativa) root system may penetrate to the depth of up to 3,900 em (128 feet) bgs; trees and shrubs root 
commonly up to about 460 em (I 5 feet), with possible exception of one-seed juniper (Juniperus monosperma) 
which rooting depth may extend to 6,096 em (200 feet) bgs (Foxx et al., 1984). 
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Table 1. Example ecological conceptual site exposure model for a contaminant 

Source medium Exposure Exposure route Terrestrial Receptors Aquatic Receptors 
medium 

Plants Inverte Mammals Birds Reptiles Fish Macroinvertebrates 
-brates amphibians 

Surface soil, Soil Soil ingestion ---- I I I u ............ .. ........ 
subsurface soil 

Dermal absorption I u u u u .......... ----
Food ingestion ---- ............ I I u .......... ... ...... 

Root uptake I ---- ---- ---- .......... ---- ---- ! 

Inhalation (dust, vapor) ......... ---- u u u ........... .. ......... 

Arroyo/stream Sediment Sediment ingestion .......... ---- u ---- ......... I I 

Dermal absorption ---- ---- .......... ---- I I I 

Food ingestion ---- ---- ---- ---- ---- I I 

Growth medium ---- ---- .......... ---- ---- I I 

Surface water Water ingestion ---- .......... I u I I I 

Dermal absorption ---- ........... u u u I I 

Growth medium ---- ........... ... ....... .......... ... ........ I u 

Food ingestion ............ u I I I I I 

Inhalation (vapor) ---- u ---- ........... ---- u u 

---- = not considered to be a potential exposure route for this receptor 
I = potential exposure route determined to be important for this receptor-include in quantitative analysis; important exposure route is defined as the exposure route that comprises 
5 %or more of the receptor's total exposure dose (US EPA, 1999a). 
U = potential exposure route determined to be unimportant or cannot be evaluated for receptor; unimportant exposure route is defined as the exposure route that comprises less 
than 5% of the receptor's total exposure dose (US EPA, 1999a). 

c ;:o 
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+First Technical Decision Point: Is Ecological Risk Suspected? 

The information presented in the scoping report can be used to eliminate the site 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 administrative authority 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 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 

This site survey gathers site-specific data necessary for identifying relevant and complete 
contaminant-pathway-receptor relationships. The survey should delineate the types and amounts 
of both vegetation and wildlife occurring at the site in enough depth to characterize the site and 
receptors. "Tailgate surveys" are not adequate to characterize the ecosystem for this stage. 
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. 
Additional information on the life history of species needed to defme exposure pathways should 
also be gathered at this point from the literature, including sources such as the Wildlife Exposure 
Factors Handbook (US EPA, 1993g). 

All or any of the following techniques can be used to conduct field survey: 

~ Inventory of habitat/vegetation through observation, line transects, quadrants, 
habitat evaluation procedures (HEP), etc. (US FWS, 1980; Cooperrider et al., 
1986), 

~ Inventory of terrestrial receptors through observation, night-lighting, live and snap 
traps, nets, Emlen line transects, etc.(Cooperrider et al., 1986), 
Inventory of aquatic receptors through observation, dip nets, Surber samplers, 
grab samplers, traps, US EPA Rapid Bioassessment Protocols, etc. (Bain et al., 
1999; US EPA, 1989a; 1992a; 1995b; 1997b ), 
Perform GIS mapping and analysis of survey data. 
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2.2 Characterize Exposure Setting and Contaminants 

This narrative description of ecological conditions at and near the site should include all the 
information listed under Section 1.1 as well as the more detailed information gathered during the 
site survey described under Section 2.1. It also includes identification and characterization of 
the habitats at the sites. 

Furthermore, this section includes evaluation of all site sampling data and the final determination 
of contaminants of potential ecological concern (COPECs). 

Prior to beginning the data evaluation process, site sampling investigation must be sufficient to 
delineate the nature and extent of contamination. The sampling should take into account all 
media through which COPECs may reach ecological receptors. The appropriate method of 
sample collection for the purposes of site characterization, unless prior approval has been 
obtained by HRMB, is to obtain discrete samples at depth intervals that are relevant to ecological 
receptors exposure and contaminant transport pathways of concern (i.e., sampling depth should 
be chosen purposely within that depth interval). For example, assessment of surface exposure 
will be more adequate if soil samples are collected from the shallowest depth that can be 
practically obtained, rather than, zero to two feet. Subsurface soil samples are important, 
however, if soil disturbance or plant root uptake or exposure of burrowing animals are likely. It 
should be noted that all facility-wide and/or site-specific background levels require approval by 
the Hazardous and Radioactive Materials Bureau prior to use (see the HRMB Position Paper: 
Application of Inorganic Background Concentrations in the Risk Assessment Process). 

Ground water and surface water samples obtained for site characterization for inorganic 
constituents must be unfiltered. However, for the purposes of determining contaminant 
environmental transport6 and evaluation of potential risks to aquatic communities, analyses of 
dissolved concentrations are also required (see also Section 2.5.2). 

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 Risk 
Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part A) (US 
EPA, 1989b ), the RCRA Sampling Procedures Handbook issued by Region 6 EPA (US EPA, 

6Fiitered water samples provide valuable information for evaluating chemical transport within an aquifer or surface 
water body. 
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1995c ), Guidance for Data Quality Assessment: Practical Methods for Data Analysis (US EPA, 
1996c), 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, 1989e ), and Statistical Methods 
for Environmental Pollution Monitoring (Gilbert, 1987) and should be submitted for approval to 
HRMB. 

2.2.1 Evaluate Data and Select Contaminants of Potential Ecological Concern 

A list of the preliminary contaminants of potential ecological concern (PCOPECs) 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 PCOPECs can be evaluated for elimination or 
retention as contaminants of potential ecological concern (COPECs). 

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

.. 

.. 

.. 

.. 

.. 

2.2.1.1. 

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

Combine Available Data from Site Investigation(s) 

Once the sampling investigation has been completed using recommended literature sources (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 
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 
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ecological risk assessments; 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 PCOPECs 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 QA/QC procedures followed, the data 
may be combined for the purpose of the ecoscreen. If concentrations of chemicals change 
significantly between different sampling events, it may be useful to keep the data separate and 
evaluate risks separately. Alternatively, the most recent sampling data could be used in the 
ecoscreen. 

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

The evaluation of PCOPECs 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 

... 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 
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detect concentrations of ecological significance7
• Although QLs needed for the ecoscreen should 

be specified in the DQOs for the sampling and analysis plan (see US EPA, 1994a), for some 
chemicals, data may be obtained from historical sampling events using high QLs. 

This evaluation may result in the re-analysis of some samples, the "proxy" (or estimated) 
concentrations (e.g., at DL or~ DL), or the elimination of certain chemicals from further 
consideration, because they are believed not to be present at the site. However, at the minimum, 
the following possibilities should be 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, 1996a), 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 
ecoscreen. 

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

7Facilities 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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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., the SOW for 
Inorganics and the SOW for Organics [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. 

Evaluate Blanks 

Blanks are analytical quality control samples analyzed in the same manner as site samples. 
Therefore, blank samples provide a measure of contamination that has been introduced into a 
sample either (1) in the field while the samples were collected or transported to the laboratory or 
(2) in the laboratory during sample preparation and analysis. 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 
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 awlicable 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 
samples contain concentrations of a common laboratory contaminant that are less than ten times 
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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 ifthe 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; 

~ 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 
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 site8 should not be eliminated from the quantitative 
ecoscreen, even if the results of the procedure described in this section indicates that such an 
elimination is possible. 

8 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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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 site8

• 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 ground water while the 
others are not detected, then the undetected chemicals are likely present in the ground water and 
therefore, need to be included in the ecoscreen as ground water COPEC. 

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

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

... it 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 HRMB 
prior to its use in this screen. As an example: if a frequency of detection limit of five percent is 
used, then at least 20 samples of a medium is needed (i.e., one detect in 20 samples equals a five 
percent frequency of detection). However, decisions about frequency of detection and sample 
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 
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infrequently detected in soil (a potential ground water contamination source) should not be 
eliminated as a site contaminant if the same compound is frequently detected in ground water. 

Furthermore, infrequently detected compounds with concentrations that exceed reference 
concentrations 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 Concentrations9 

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. EPA has issued guidance for ground water 
detection monitoring programs being conducted under RCRA. This guidance entitled "Statistical 
Analysis ofGround-Water Monitoring Data at RCRA Facilities" (US EPA, 1989d) and the Draft 
Addendum to Interim Final Guidance (US EPA, 1992b) provide a conceptual framework for 
determining and applying an appropriate statistical method for comparison of background and 
contaminated ground water data. These statistical methods and those presented in the EPA 
Guidance for Data Quality Assessment (US EPA, 1996c) and in Statistical Methods for 
Environmental Pollution Monitoring (Gilbert, 1987) could be applied to soil background 
compansons. 

The objective of the statistical analysis for the ecological risk assessment is to determine if site 
inorganic chemical concentrations 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. Any statistical methods being used for comparison of site samples with background 
values should be identified and their use justified in the ecoscreen report. 

Often, a single value to represent the inorganic background concentrations (BV10
) is determined 

9 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 (HRMB SOP II. A.2: Site-Specific 
Background). 

10BV or background value means an inorganic chemical concentration representative of background concentrations 
that has been approved by the Hazardous and Radioactive Materials Bureau. 
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based on the mean or median of the collected samples (e.g., the 95% upper confidence limits 
[UCLs] for the mean) or the maximum concentration (e.g., the upper tolerance limits [UTLs]) or 
pre-determined regional inorganic background levels obtained from the literature. When the site 
sample concentrations fall above the BV s the PCOPECs 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 ). This is not valid statistical comparison because 
the UTL represents a maximum value while the 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 PCOPEC must be retained as COPEC because this exceedance 
is indicative of site-related contamination. 

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

At some sites, a concern may exist for "hot spots" or situations where a small proportion of the 
site is contaminated above inorganic background, yet application of distributional tests show no 
difference between site and background levels of randomly sampled data. For example, there 
may have been too few samples collected at the site, so that perhaps only one or two 
measurements are elevated above background. One method for handling this situation is to 
compare each site measurement to a "hot measurement" concentration value (Gilbert and 
Simpson, 1992). This "hot measurement" values can be an EDQL, a standard, or some function 
of the background data (e.g., upper tolerance limit). The hot measurement value should be 
selected to identify excessive ecological risk beyond that of average site-wide exposures. If one 
or more site measurements equal or exceed the hot measurement value, the compound should be 
retained as COPEC and proceed to the environmental fate and transport evaluation. 

The evaluation process below should continue for all organic PCOPECs and those inorganic 
PCOPECs that exceed inorganic background concentrations/values (see Figure 1). Both a 
justification for eliminating chemicals based on an inorganic background comparison and an 
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overview of the type of comparison conducted should be included in the ecoscreen report. 

2.2.1.4 Evaluate Environmental 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 PCOPECs should be reviewed to evaluate any physico-chemical properties 
which may alter the way in which the impact of these PCOPECs is viewed in the risk assessment 
process. This is particularly true for any contaminants highly persistent and bioaccumulating in 
ecological receptors and food chains such as polychlorinated dibenzo-dioxins, PCBs, DDT and 
its breakdown products, organochlorine pesticides, chlorinated dibenzofurans, and metals 
capable ofbiomethylation (e.g., mercury). These compounds require consideration of more than 
their direct toxicity. 

Persistence, Mobility, and Bioaccumulation 

Physico-chemical parameters describing environmental persistence or mobility processes, 
include water solubility, log 'Kow, and K0 c, and environmental half-life. A contaminant's water 
solubility11 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 
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 logarithm octanol/water partition coefficient (log 'Kow) is the ratio of the chemical's 
concentration in octanol (representing lipid or "fat") to the concentration in water. Kaw 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 Kaw, 
typically greater than 3, indicates higher concentrations in the octanol rather than in the water. 
Kac 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 

11Water solubility is an upper limit on a chemical's dissolved (i.e., aqueous) concentration in water at a given 
temperature. Aqueous concentrations exceeding solubility may indicate sorption onto sediment, the presence of solubilizing 
chemicals such as organic solvents, or the presence of a non-aqueous phase liquid. 
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matter). Kac 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 Kaw and Kac. Chemicals with log Kaw < 2. 7 and Kac < 50 
are considered to be highly mobile, while chemicals with log Kaw ~ 4 and Kac > 500 generally 
have low mobility and therefore, high persistence potential (Oliver and Charlton, 1984; 
Connolly and Pedersen, 1988). 

In general, organic chemicals with log Kaw values equal to or greater than 4.0 and inorganic 
chemicals with a whole-body bioconcentration factor (BCF)12 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 bioaccumu1ation 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 ofless than 1 (one) could still receive a toxic dose of this 
metal). 

Persistence is measured by the number of days required to reduce a chemical's concentration by 
one-half through biotic and abiotic degradation/transformation processes. The greater the media
specific half-life13

, 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. 

Environmental Transformation 

Known chemical or biological transformation products of PCOPECs or those that can be reliably 
predicted must be included in the process ofCOPECs' selection. The transformation or 
breakdown products of some compounds are often more toxic than the parent compound and, 

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

13 A 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 biological processes. 
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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 

Foil owing the evaluation of site sampling data as specified in previous sections, all remaining 
PCOPECs (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 I. 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, 
surrogate14 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 ofPCOPECs, the final list ofCOPECs and the reason for each PCOPEC eliminated 
from further consideration. Any ecological screening levels used to retain or remove a COPEC 
should also be included in this table. 

14Facilities should obtain HRMB approval for selecting surrogate compounds and using their toxicity data prior to 
performing ecoscreen. 
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+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 
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 by 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 boundaries 

... Water bodies and their associated watersheds 

... Special ecological areas 

2.2.2.1. Terrestrial Habitats 

In New Mexico, there are several fairly well-defined terrestrial habitats that occur naturally. 
They are the forest (for example, mixed conifer, ponderosa pine, and pinyon-juniper), tallgrass 
prairie, shortgrass prairie, 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. 
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Habitat types may also be determined by reviewing land use and land classification maps (LULC 
maps) which are available in hard copy or electronically15

• 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 
that they no longer match any of the naturally occurring habitats typical of the southwest. 
Particularly at active 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 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 

15 Available on the World Wide Web from USGS at http://mapping.usgs.gov/index.html or from EPA at 
ftp://ftp.epagov/pub. 
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Division in its BISON database16
• 

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. 

2.2.2.3 Special Ecological Areas 

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

Recommended Information for 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 

16Available on the World Wide Web:http://www.fw.vt.edu/fishexlstates/nm.htm. Technical contact at the NM Dept. 
of Game & Fish for this database is John Klingel (505-827-9904). 
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Table 2. SENSITIVE ENVIRONMENTS FOUND IN NEW MEXICO 

National Parks and National Monuments 

Designated or Administratively Proposed Federal Wilderness Areas 

National Preserves 

National or State Wildlife Refuges 

Federal land designated for protection of natural ecosystems 

State land designated for wildlife or game management 

State designated Natural Areas 

Particular areas, relatively small in size, important to maintenance of unique biotic communities 

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

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

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

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

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

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

All areas that provide or could potentially provide habitat for homed toads and bullfrogs as protected by the state of 
New Mexico statute (New Mexico Statute ,1978, Chapter I 7, Game and Fish, I 7-2-15 and 16 resp.) 

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

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

All riparian habitats. 

All perennial and 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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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 Program17

, 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 Society, 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. 

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 receptors and information obtained during characterization of the exposure setting will 
be used to define a habitat-specific food web. A food web is an interlocking pattern of food 
chains, which are the straight-line transfer of energy from a food source to a series of organisms 
feeding on that source or feeding on other organisms which consume that food source (Odum 

17University of New Mexico, 2500 Yale Blvd SE, Suite 100, Albuquerque, NM 87131 
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1971). The food webs are used to formulate assessment endpoints for each habitat under 
consideration. Food webs will include all the species from each habitat selected for evaluation, 
but representative species or measurement receptors from the food web will then be designated to 
evaluate assessment endpoints. A separate food web is needed for each habitat type found in the 
assessment area, even if the COPECs are the same. 

Examples of food webs for all the generic habitats occurring in New Mexico are reproduced in 
Appendix B. The example webs reproduced in the appendix are designed for the western region 
of the US, but must always be modified to reflect the species composition of the actual 
assessment site under consideration. Refining the species composition of the food web is an 
extremely important step since the composition of the food web determines the complexity and 
accuracy of the risk assessment. However, the species included should be limited to those 
reasonably known or expected to exist at the site. For example, the forest food web includes the 
pika as a herbivorous mammal, but this species occurs in New Mexico only at high altitudes, so 
it should not be included in webs for most sites. 

2.3.1 Organize Food Web Structure by Trophic Level 

The food webs should be organized by trophic levels, which reflect the role of a species' diet on 
its place in the ecosystem. This is particularly important when bioaccumulating compounds are 
among the constituents of concern. Trophic Ievell consists of all species which are primary 
producers, usually green plants. Trophic level2 consists of species that are primary consumers. 
These species are herbivores (which consume the plants from trophic Ievell) and detritivores 
(which consume dead and decaying organic matter from sediment and soil). Trophic level3 
contains omnivores (species which consume both plant and animal matter) and intermediate 
carnivores such as shrews. Trophic level4 or higher levels contain only carnivores. 

2.3.2 Group Receptors into Feeding Guilds and Communities 

A 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 insectivorous bird. 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 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 
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grouping higher trophic level organism into 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 Guilds and Communities 

Arrows on the example food webs (Figures 1-7 in Appendix B) define the dietary relationships 
between guilds and communities. These relationships are determined by evaluating the dietary 
composition of the receptors for each 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 Exposure Pathways 

Ecological 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. 

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 
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. For example, inhalation and physical contact 
are considered to play only minor roles in exposure to surface contamination with metals. 
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Recommended Information for the Ecoscreen Report 

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

• division into trophic levels 

• 
• 

class-specific guild designations for each trophic level 
major dietary interactions 

• source citation 

• rationale for selection 

2.4 Identify and Select Assessment Endpoints 

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

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

Examples of assessment endpoints for guilds include seed disperser, major food source for 
predator, decomposer/detritivore, pollinator, or (for predators) regulator of prey species. 
Assessment endpoints for representative receptors for each of the example food webs are given 
in the table in Appendix C. Examples of assessment endpoints for communities include diversity 
(species richness), community composition, productivity, major food source for consumer 
species, or habitat for wildlife. 
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One caveat to remember regarding relevance to management goals is that, 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. An example of this is the coyote, which as a keystone predator 
that benefits the health of the ecosystem, but has little aesthetic value to numerous segments of 
society. 

2.5 Identify and Select Measures of Effect (Measurement Endpoints) 

A measure of effect is a measure of the biological effects (effects on survival, reproduction, or 
growth) of contaminants on the assessment endpoint. These measures of effect are used to make 
inferences about potential changes in the assessment endpoint. Evaluation of the measure of 
effect to the assessment endpoint requires identification of a measurement receptor species 
representative of the assessment endpoint. The assessment endpoint and measure of effect 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. Secondarily, they are chosen based on 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, 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 
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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 
• sediment media: benthic invertebrate community 

2.5.2 Identify Measurement Receptors for Guilds 

These measurement receptors should be individual species relevant to those expected to occur at 
the site. Measurement receptors should be chosen to represent each class-specific guild (e.g., 
mammal herbivore, bird insectivore) presented in the site-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 EPA (1993 g) 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 at least one of the 
measurement receptors selected for a guild should have the highest ingestion rate per kilogram 
body weight. This assures that risk to a class-specific guild is not underestimated. Examples of 
information gathered on potential measurement receptors are in Appendix D. 

2.6 Determine COPEC Environmental 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 what concentration of COPECs to which 
ecological receptors are potentially exposed. For all receptors, 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. 

Measured COPEC concentrations together with the non-detected results (i.e., SQLs) 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 
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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 be substituted in place of the 
SOL. 

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 (i.e., no "hot spots" are present) and 
the sample size is large enough, a statistically supported average such as the 95 percent upper 
confidence limit (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 Supplemental 
Guidance to RAGS: Calculating the Concentrations Term" (US EPA, 1992c) should be 
consulted to estimate the 95 percent UCL. Averaging and statistical treatment of data is correct 
only for samples that were collected with an appropriate random or systematic sampling design. 
If "hot spots" (i.e., small but 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 mitigation. 

Water samples are less heterogeneous than soil or sediment samples, and it should be easier to 
come up with a statistically supportable average COPEC concentration even with smaller sample 
sizes. Another issue to consider is filtration of water samples. While filtration of water provides 
information for understanding chemical transport within an aquifer or surface water body, the use 
of filtered water samples for estimating exposure concentration is not recommended, except for 
aquatic measurement receptors. Toxicity values and most biotransfer factors for aquatic 
receptors are developed using the dissolved concentration of COPECs in water. Therefore, data 
from unfiltered water samples should be used to estimate exposure point concentration for all but 
aquatic measurement receptors. 

For all media, more than a single sample should be taken to determine the environmental 
concentrations to which receptors are being exposed. 

2. 7 Revise 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 
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Exposure Pathway Model (EPM). This diagram should show the relationship between exposure 
pathways and measurement receptors, and should be added to the risk assessment report in 
addition to the information on the full food web. 

Recommended Information for the Ecoscreen Report 

• Assessment endpoints selected for guilds and communities( and rationale) 
• Measures of effect selected for guilds and communities( and rationale) 
• Revised conceptual site model 

3. 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. 

3.1.1. Assess exposure to community measurement receptors 

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

For this type of measurement receptor, the exposure is assessed by quantitatively estimating the 
daily dose ingested of contaminated food items and abiotic media. 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. For measurement receptors that ingest more than one type of 
plant or animal food item, each item should be considered based on the fraction of the diet that is 
made up of that food item. The weight-specific ingestion rates and average body weights for 
measurement receptors from the example food webs are given in Appendix D and can be found 
in The Wildlife Exposures Factor Handbook(EPA, 1993g). This data is needed to estimate the 
daily dose of COPEC ingested for each measurement receptor using the equation below. 

where: DD =daily dose ofCOPEC ingested (Mg COPEC/kg BW-day) 
IRF= measurement receptor food item ingestion rate (kg/kg BW-day) 
Ci = COPEC concentration in the ith food item (mg COPEC/kg) 
Pi= proportion ofith food item that is contaminated (unitless) 
Fi =fraction of diet consisting of food item i (unitless) 
IRM =measurement receptor media ingestion rate (kg/kg BW-day [soil or sediment] or 

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

The 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. For a screening level assessment, it is 
recommended that for receptors ingesting more than one type of plant or animal food item, the 
equation be solved for both "equal" and "exclusive" diets. This approach allows determination of 
the most protective scenario for evaluating risks from dietary ingestion of contamination, and 
also allows determination of how differences in diet may impact the potential risk for the 
receptor. Under the "equal diet" scenario, each food item is assumed to make up an equal 
fraction of the diet. In this case the term Fi = 1/i for each food item. Under the "exclusive diet" 
scenario, Fi = 1.0 for each food item, and the equation is solved individually for each food item. 

The equation used to estimate this daily dose ingested also contains the terms IRF and IRM , 
which represent species-specific ingestion rates for food items and media (soil, sediment, or 
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water), respectively. 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 Pi 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, PM 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., that Pi and PM 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 bioavailable, and that each 
individual species in a class-specific feeding guild is equally exposed, and that body weights and 
food ingestion rates are conservative. 

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

The preferred approach for determining the COPEC concentration for these receptor groups is to 
multiply a measured media-to-receptor bioconcentration factor (BCF)I 8 by the concentration of 
the COPEC in the media which the organism inhabits. 

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 (BCF8 S-81). The COPEC concentration in the soil based receptor is 
equivalent to the concentration of the COPEC in the soil multiplied by the soil to invertebrate 
bioconcentration factor (BCFs-INV). 

18The 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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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 the following 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); 

~ for water-to-algae BCF s, by dividing the concentration in dry algae tissue weight by a 
factor of2.92 (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 Kow, as shown below. 

For soil-to-plant and sediment-to-plant BCFs (Southworth et. a/.,1978) 

log BCF = 1.588 - 0.578 log Kow 

For soil-to-soil-invertebrate, water-to-algae, sediment-to-benthic-invertebrates, and water
to-aquatic-invertebrate BCFs (Southworth et. a/.,1978), 

log BCF = 0.819log Kow- 1.146 

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

log BCF = 0. 76 * log Kow- 0.23 

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

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

Revision 0.0 
8/30/99 
Page43 

DRAFT 



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

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

3.1.2.1.1 Derivation of BCFs Using Equilibrium Partitioning 

It is also possible to derive BCFs for invertebrates, phytoplankton, and rooted aquatic plants 
using the equilibrium partitioning approach. Equilibrium partitioning is considered valid for 
these receptor groups because of the assumption 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 can only be used to do calculations for soil and 
sediment invertebrates. The equilibrium partitioning approach is based on the equation below: 

C1 = C1w * BCFwr 

where: C1 = COPEC concentration in the soil or benthic invertebrate (mglkg) 
C1w = COPEC concentration in soil or sediment interstitial water (mg!L) 
BCFw1 = Bioconcentration factor for media to invertebrate (L/k.g) 

The concentration in interstitial water can be calculated using: 

Crw = COPEC concentration in soil or sediment interstitial water (mg/L) 
foe= fraction of organic carbon in soil or sediment (unitless) 
Koc = organic carbon partitioning coefficient (Lik.g) 
CM = COPEC concentration in soil/sediment (mglk.g) 
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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 

Pr = Cs * BCFr * 0.12 

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

This equation is based on Travis and Arms (1988), modified with a dry weight to wet weight 
conversion factor of0.12 from Taiz et al (1991). Values for BCFr are reproduced in Appendix E 
of this document. Literature values for BCF r 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 equation for the COPEC concentration 
IS: 

CF = BCF * FCM * cdw 

CF = COPEC concentration in fish (mg/kg) 
BCF = bioconcentration factor for water-to-fish (L/kg) 
FCM =food chain multiplier for trophic level offish (unitless) 
Cdw =dissolved COPEC concentration in water (mg/L) 
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Since most BCFs for fish are developed using the dissolved concentration of the COPEC in 
water, dissolved concentrations are used in the above equation. This means that water samples 
used to determine the COPEC concentration for this equation should be filtered water samples. 
The FCM derivation is discussed below; recommended values for food chain multipliers are 
given in Appendix F. 

3.1.2.3.1 Derivation of Food Chain Multipliers (FCMs) 

Food Chain Multipliers (FCMs) are used to model COPEC concentrations in fish that are 
ingested as food items by a measurement receptor. These FCMs account for biomagnification 
through the food chain, and include the conservative assumption that compounds are not 
metabolized. Determining the FCM from the table in Appendix F relies on knowing both the 
Log Kow of the COPEC and the trophic level of the consumer of the fish as determined during the 
food web development. The trophic level specific FCMs in the table were derived using the 
bioaccumulation factor (BAF19

) reported on a lipid-normalized basis using the freely dissolved 
concentration of a chemical in the water (L/k:g) reported in Go bas (1993). The BAFs were based 
on chemical uptake, rate of compound depuration, metabolism, and dilution (due to growth) in 
fishes. 

FCM = BAF /( l<ow) 

BAF = bioaccumulation factor (L/k:g) 
Kow = compound specific octanol-water partition coefficient ( L/k:g) 

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

FCM = BAF /BCF 

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

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

19Bioaccumulation 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. 

Revision 0.0 
8/30/99 
Page46 

:;) ., DRAFT 
; I 

"'".-.,. ...... ,. _______ ------·- ·-~- .. 
. ' 



;·-

l _ _DRAFT 
' 

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

The FCMs always relate back to the first trophic level (not the necessarily the trophic level 
directly consumed), so a ratio ofFCMs is used (in the form ofFCMx+1/FCMx, with x 
representing the trophic level of the prey item and x + 1 the trophic level of the predator) to 
estimate COPEC concentrations in the following sections. This ratio 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 feeding guilds are presented in the 
following subsections. Values for FCMs and BCFs for these equations for the measurement 
receptors in the example food webs appear in Appendix F of this document. 

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

The FCMs provided in Appendix F were developed to model COPEC concentrations in fish as 
part of EPA's Great Lakes study. Therefore, applying FCMs derived from aquatic food web data 
to terrestrial receptors, regardless of whether their food is aquatic or not, may introduce an 
uncertainty. 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 
FCMs is used (in the form ofFCMx+1/FCMx, with x representing the trophic level of the prey 
and x + 1 representing the trophic level of the predator) in the equations. This ratio ofFCMs is 
equivalent to the biomagnification factor (BMF) which may be more familiar. In order to 
develop FCMs specifically for mammals or birds, one would need the BAFs for those species 
and the BCFs for their prey. 
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3.1.2.4.2. 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 Appendix F of this document or obtained from 
the literature. 

For herbivorous mammals or birds, 

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

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

(unitless) 
PTP =ratio of contaminated to total terrestrial plant in diet (unitless) 
FTP =fraction of diet comprised of terrestrial plants (unitless) 
C8 = COPEC concentration in soil (mg/kg DW) 
BCFs-HM =soil-to-herbivorous mammal or bird bioconcentration factor (unitless) 
P s = ratio of contaminated to total ingested soil 
Cwctot = total COPEC concentration in water column (mg/L or g/m3

) 

BCF w-HM = water-to-herbivorous mammal or bird bioconcentration factor (L/kg) 
Pw =ratio of contaminated to total ingested water 

For omnivorous mammals or birds, the following equation should be adapted to include only 
the terms for items in the omnivore's diet. For example, if an omnivorous bird species does not 
consume herbivorous birds as part of its diet, the term (CHB * (FCMn/FCMn2) * PHB * FHB) 
should be left out of the equation. 

CoM= (CINV * (FCMn31FCMn2) * PINV * FINV) + (CTP * BCFTP-OM * PTP * FTP) 
+ (CHM * (FCMn3/FCMn2) * PHM * FHM) + (CHB * (FCMn31FCMn2) * PHB * FHB) 
+ (Cs * BCFs-oM * Ps) + (Cwctot * BCFw-oM * Pw) 

CoM= COPEC concentration in omnivorous mammal or bird (mg/kg FW tissue) 
CINV = COPEC concentration in invertebrates (mg/kg FW tissue) 
(FCMn31FCMn~ = food chain multiplier for trophic level 3 predator consuming trophic 

level2 prey (unitless) 
PINV =ratio of contaminated to total invertebrates in diet (unitless) 
F INV = fraction of diet composed of invertebrates ( unitless) 
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CTP = COPEC Concentration in terrestrial plants ingested by the mammal (mg/kg WW) 
BCF TP-OM = terrestrial plant to omnivorous mammal or bird bioconcentration factor 

(unitless) 
PTP =ratio of contaminated to total plants in diet (unitless) 
FTP =fraction of diet composed of plants (unitless) 
CHB = COPEC concentration in herbivorous birds ingested by the mammal or bird 

(mg/kg FW tissue) 
PHB =ratio of contaminated to total herbivorous birds in diet (unitless) 
FHB =fraction of diet composed of herbivorous birds (unitless) 
CHM = COPEC concentration in herbivorous mammals ingested by the mammal or bird 

(mg/kg FW tissue) 
PHM =ratio of contaminated to total herbivorous mammals in diet (unitless) 
FHM =fraction of diet composed of herbivorous mammals (unitless) 
C8 = COPEC concentration in soil (mg/kg DW) 
BCFs.oM =soil to omnivorous mammal or bird bioconcentration factor (unitless) 
P8 =ratio of contaminated to total soil ingested (unitless) 
Cwctot = total COPEC concentration in water column (mg/L or g/m3

) 

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: 

CcM = I,(Cx * (FCM-n41FCM-nx) * Px * Fx) + (Cs * BCFs.cM * P8) 

+ (Cwctot * BCFw.cM * Pw) 

CcM = COPEC concentration in omnivorous mammal or bird (mg/kg FW tissue) 
Cx = COPEC concentration in prey item X (mg/kg FW tissue) 
(FCM-n4/FCM-nx) = 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) 
F x = fraction of diet composed of prey item X ( unitless) 
C8 = COPEC concentration in soil (mg/kg DW) 
BCFs.cM =soil to carnivorous mammal or bird bioconcentration factor (unitless) 
P8 = ratio of contaminated to total soil ingested (unitless) 

Cwctot = total COPEC concentration in water column (mg/L or g/m3
) 
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BCFw.cM =water to carnivorous mammal or bird bioconcentration factor (unitless) 
Pw =ratio of contaminated to total water ingested (unitless) 

3.1.2.4.3. 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 ofbiotransfer and toxicity data for reptiles and 
amphibians is currently very limited. 

3.1.2.5 Estimate COPEC Concentration in Freshwater Mammals and Birds 

For herbivorous riparian/wetland mammals or birds, 

CHM = (CAv * BCF AV-HM * p AV * F Av) +(CAL * BCF AL-HM * pAL* F AL) 
+ (CsED * BCFss-HM * Pas)+ (Cwctot * BCFw-HM * Pw) 

CHM = COPEC concentration in herbivorous riparian/wetland mammals or birds (mg/kg 
FWtissue) 

CAv = COPEC concentration in aquatic vegetation (mg/kg WW) 
BCF AV-HM =aquatic vegetation-to-herbivorous mammal or bird bioconcentration factor 

(unitless) 
P AV =ratio of contaminated to total aquatic vegetation in diet (unitless) 
F Av =fraction of diet comprised of aquatic vegetation (unitless) 
CAL = COPEC concentration in algae (mg/kg WW) 
BCF AL-HM =algae-to-herbivorous mammal or bird bioconcentration factor (unitless) 
PAL= ratio of contaminated to total algae in diet (unitless) 
F AL = fraction of diet comprised of algae ( unitless) 
CsEo = COPEC concentration in sediment (mg/kg DW) 
BCFss-HM =sediment-to- aquatic herbivorous mammal or bird bioconcentration factor 
(unitless) 
P8 s =ratio of contaminated to total ingested bed sediment (unitless) 
Cwctot =total COPEC concentration in water column (mg/L or g/m3

) 

BCFw-HM =water-to-aquatic herbivorous mammal or bird bioconcentration factor (unitless) 
Pw =ratio of contaminated to total ingested water (unitless) 
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For omnivorous mammals or birds, the following equation should be adapted to include only 
the terms for items in the omnivore's diet. For example, if an omnivorous bird species does not 
consume herbivorous birds as part of its diet, the term (CHB * (FCM1LiFCM1L2) * PHB * FHB) 
should be left out of the equation. 

CoM= (CBI * (FCM1LiFCM1L2) * PBI * FBI) +(CWI * (FCM1LiFCM1L2) * Pw1 * FWI) 
+ (CHM * (FCM1LiFCM1L2) * PHM * FHM) + (CHB * (FCM1L3/FCM1L2) * PHB * FHB) 
+ (CAL* BCF AL-OM *PAL* F AL) + (CAv * BCF AV-OM * P AV * F Av) 
+ (CsEo * BCFBs-oM * PBs)+ (Cwctot * BCFw-OM * Pw) 

CoM = COPEC concentration in aquatic omnivorous mammal or bird (mg/kg FW tissue) 
CB1 = COPEC concentration in benthic invertebrates (mg/kg FW tissue) 
FCM1L3/FCM1L2 = food chain multiplier for trophic level 3 predator consuming trophic 

level2 prey (unitless) 
PBI =ratio of contaminated to total benthic invertebrates in diet (unitless) 
FB1 =fraction of diet composed of benthic invertebrates (unitless) 
Cw1 = COPEC concentration in water invertebrates (mg/kg FW tissue) 
Pw1 =ratio of contaminated to total water invertebrates in diet (unitless) 
Fw1 =fraction of diet composed of water invertebrates (unitless) 
CHM = COPEC concentration in herbivorous mammals ingested by the mammal or bird 

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

FWtissue) 
PHB =ratio of contaminated to total herbivorous birds in diet (unitless) 
FHB =fraction of diet composed of herbivorous birds (unitless) 
CAL= COPEC Concentration in algae ingested by the mammal or bird (mg/kg WW) 
BCF AL-OM =algae to omnivorous mammal or bird bioconcentration factor (unitless) 
PAL= ratio of contaminated to total algae in diet (unitless) 
F AL =fraction of diet composed of algae (unitless) 
CAv = COPEC Concentration in aquatic vegetation ingested by the mammal or bird (mg/kg 

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

(unitless) 
P Av =ratio of contaminated to total aquatic vegetation in diet (unitless) 
F Av =fraction of diet composed of aquatic vegetation (unitless) 
CsEo = COPEC concentration in bed sediment (mg/kg DW) 
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BCFBs-oM =bed sediment to omnivorous mammal or bird bioconcentration factor (unitless) 
PBs= ratio of contaminated to total soil ingested (unitless) 

Cwctot =total COPEC concentration in water column (mg/L or g/m3 water) 
BCFw-oM =water to omnivorous mammal or bird bioconcentration factor (unitless) 
Pw =ratio of contaminated to total water ingested (unitless) 

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

The set of equations in the following subsections calculate the dose ingested for different feeding 
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, 

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

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

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

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

Cs = COPEC concentration in soil (mg/kg DW) 
IRs-HM =soil ingestion rate of omnivorous mammal or bird (kg DW/kg BW-day) 
Ps =ratio of contaminated to total ingested soil (unitless) 
CwcToT = total COPEC concentration in water column (mg/L or g/m3

) 

IRw-HM =water ingestion rate of herbivorous mammal or bird (L/kg BW-day) 
Pw =ratio of contaminated to total ingested water (unitless) 
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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 (CHB * IRoM * PHB * FHB) 
should be left out of the equation. 

~=~~*I~*~*~+~*I~*~*~+~~*I~*~*F~ 
+ (CTP * IRoM * PTP * FTP) + (Cs * IRs-OM* Ps) + (CwcroT * IRw-oM * Pw) 

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

C~ = COPEC concentration in herbivorous mammals or birds (mglkg FW tissue) 
IRoM =food ingestion rate of omnivorous mammal or bird (kg WW/ kg BW-day) 
P~ =ratio of contaminated to total herbivorous mammal in diet (unitless) 
F~ =fraction of diet comprised of herbivorous mammals (unitless) 
CHB = COPEC concentration in herbivorous birds (mg/kg FW tissue) 
PHB =ratio of contaminated to total herbivorous birds in diet (unitless) 
FHB =fraction of diet comprised of herbivorous birds (unitless) 
C~ = COPEC concentration in invertebrates (mg/kg FW tissue) 
P~ =ratio of contaminated to total invertebrates in diet (unitless) 
F ~ = fraction of diet comprised of invertebrates ( unitless) 
CTP = COPEC concentration in terrestrial plants (mg/kg WW) 
PTP =ratio of contaminated to total terrestrial plant in diet (unitless) 
FTP =fraction of diet comprised of terrestrial plants (unitless) 

Cs = COPEC concentration in soil (mglkg DW) 
IRs-oM= soil ingestion rate of omnivorous mammal or bird (kg DW/kg BW-day) 
Ps =ratio of contaminated to total ingested soil (unitless) 
CwcToT =total COPEC concentration in water column (mg!L or g/m3 water) 
IRw-oM =water ingestion rate of omnivorous mammal or bird (L/kg BW-day) 

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

For terrestrial carnivorous mammals and birds, 

~=~*~M*~*~+~*~M*~*~+~~*I~*~*~ 
+ (C~ * IRcM * P~ * F~ + (Cs * IRs-CM * Ps) + (CwcToT * IRw-cM * Pw) 

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

CHB = COPEC concentration in herbivorous (mglkg FW tissue) 
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IRcM =food ingestion rate of carnivorous mammal or bird (kg WW/ kg BW-day) 
PHB =ratio of contaminated to total herbivorous birds in diet (unitless) 
FHB =fraction of diet comprised of herbivorous birds (unitless) 
CoB= COPEC concentration in omnivorous birds (mg/kg FW tissue) 
P oB = ratio of contaminated to total omnivorous birds in diet ( unitless) 
FoB= fraction of diet comprised of omnivorous birds (unitless) 
CoM = COPEC concentration in omnivorous mammals (mg/kg FW 

tissue) 
PoM =ratio of contaminated to total omnivorous mammals in diet (unitless) 
FoM =fraction of diet comprised of omnivorous mammals (unitless) 
CHM = COPEC concentration in herbivorous mammals (mg/kg WW) 
PHM =ratio of contaminated to total herbivorous mammals in diet (unitless) 
FHM =fraction of diet comprised of herbivorous mammals (unitless) 
Cs = COPEC concentration in soil (mg COPEC/kg DW) 
IRs-eM= soil ingestion rate of carnivorous mammal or bird (kg DW/kg BW-day) 
Ps =ratio of contaminated to total ingested soil (unitless) 
Cwcror =total COPEC concentration in water column (mg/L or g/m3 water) 
IRw-cM =water ingestion rate of carnivorous mammal or bird (L/kg BW-day) 
Pw =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. 

3.1.2.7. Estimate COPEC Dose Ingested by Freshwater Mammals and Birds 

For herbivorous riparian/wetland mammals and birds, 

DHM = (CAv * IRHM * P AV * F Av) +(CAL* IRHM *PAL* F AL) + (CsEo * IRs-HM * Ps) 
+ (Cwcror * IRw-HM * Pw) 

DHM = daily dose of COPEC ingested by herbivorous bird or mammal 
(mg COPEC/kg BW-day) 
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CAv = COPEC concentration in aquatic vegetation (mg/kg WW) 
IRHM = food ingestion rate of aquatic herbivorous mammal or bird 

(kg WW/ kg BW-day) 
P Av =ratio of contaminated to total aquatic vegetation in diet (unitless) 
F Av =fraction of diet comprised of aquatic vegetation (unitless) 

CAL= COPEC concentration in algae (mg/kg WW) 
PAL= ratio of contaminated to total terrestrial plant in diet (unitless) 
F AL =fraction of diet comprised of algae (unitless) 

CsEo = COPEC concentration in bed sediment (mg/kg DW) 
IRs.HM = soil ingestion rate of aquatic herbivorous mammal or bird 

(kg DW/kg BW-day) 
Ps =ratio of contaminated to total ingested bed sediment (unitless) 
CwcroT =total COPEC concentration in water column (mg!L or g/m3 water) 
IRw.HM = water ingestion rate of aquatic herbivorous mammal or bird 

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

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

DoM = (CHM * IRoM * PHM * F~ + (CHB * IRoM * PHB * FHB) + (CBI * IRoM * Psr * Fsr) + 
(Cwr * IRoM * Pwr * Fwr) + (CAv * IRoM * P AV * F Av) +(CAL * IRoM * PAL * F AL) + (CsED 
* IRs.oM * Ps) + (CwcroT * IRw.oM * Pw) 

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

CHM = COPEC concentration in herbivorous mammals (mg/kg WW) 
IRoM = food ingestion rate of omnivorous mammal or bird 

(kg WW/ kg BW-day) 
PHM =ratio of contaminated to total herbivorous mammal in diet (unitless) 
FHM =fraction of diet comprised of herbivorous mammals (unitless) 

CHB = COPEC concentration in herbivorous birds (mg/kg WW) 
PHB =ratio of contaminated to total herbivorous birds in diet (unitless) 
FHB =fraction of diet comprised of herbivorous birds (unitless) 

C81 = COPEC concentration in benthic invertebrates (mg/kg WW) 
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P81 =ratio of contaminated to total benthic invertebrates in diet (unitless) 
F81 =fraction of diet comprised of benthic invertebrates (unitless) 
Cw1 = COPEC concentration in water invertebrates (mg/kg WW) 
PWI =ratio of contaminated to total water invertebrates in diet (unitless) 
Fw1 =fraction of diet comprised of water invertebrates (unitless) 

CAv = COPEC concentration in aquatic vegetation (mg/kg WW) 
P Av =ratio of contaminated to total aquatic vegetation in diet (unitless) 
F Av =fraction of diet comprised of aquatic vegetation (unitless) 

CAL = COPEC concentration in algae (mg/kg WW) 
PAL= ratio of contaminated to total algae in diet (unitless) 
F AL =fraction of diet comprised of algae (unitless) 

CsEo = COPEC concentration in bed sediment (mg/kg DW) 
IRs-oM = soil ingestion rate of aquatic omnivorous mammal or bird 

(kg DW/kg BW-day) 
Ps =ratio of contaminated to total ingested bed sediment (unitless) 
CwcToT =total COPEC concentration in water column (mg/L or g/m3 water) 
IRw-oM = water ingestion rate of aquatic herbivorous mammal or bird 

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

For carnivorous riparian/wetland mammals and birds, 

~=~~*~M*~*~+~*~M*~*~+~*~M*~*~+ 
~*I~*~*~+~~*~M*~*~+~~*I~*~*~+ 
(CsEo * IRs-eM* Ps) + (CwcTOT * IRw-cM * Pw) 

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

C~ = COPEC concentration in herbivorous birds (mg/kg FW tissue) 
IRcM =food ingestion rate of carnivorous mammal or bird (kg WW/ kg BW-day) 
P~ =ratio of contaminated to total herbivorous birds in diet (unitless) 
F~ =fraction of diet comprised of herbivorous birds (unitless) 

CoF = COPEC concentration in omnivorous fishes (mg/kg FW tissue) 
PoF =ratio of contaminated to total omnivorous fish in diet (unitless) 
FoF =fraction of diet comprised of omnivorous fish (unitless) 

CcF = COPEC concentration in carnivorous fish (mg/kg FW tissue) 
PcF =ratio of contaminated to total carnivorous fish in diet (unitless) 

Revision 0.0 
8/30/99 
Pag~ 5.§ .. 

DRAFT . 
I . -. "'\ ;,r; ~~ 



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

FcF =fraction of diet comprised of carnivorous fish (unitless) 
Cos = COPEC concentration in omnivorous birds (mglkg FW tissue) 
P0s =ratio of contaminated to total omnivorous birds in diet (unitless) 
Fos =fraction of diet comprised of omnivorous birds (unitless) 

CoM = COPEC concentration in omnivorous mammals (mg/kg FW tissue) 
PoM =ratio of contaminated to total omnivorous mammals in diet (unitless) 
FoM =fraction of diet comprised of omnivorous mammals (unitless) 

CHM = COPEC concentration in herbivorous mammals (mg/kg FW tissue) 
PHM =ratio of contaminated to total herbivorous mammals in diet (unitless) 
FHM =fraction of diet comprised of herbivorous mammals (unitless) 

CsEo = COPEC concentration in bed sediment (mg/kg DW) 
IRS-eM = soil ingestion rate of aquatic carnivorous mammal or bird 

(kg DW/kg BW-day) 
Ps =ratio of contaminated to total ingested bed sediment (unitless) 
CwcToT =total COPEC concentration in water column (mg/L or g/m3 water) 
IRw.cM = water ingestion rate of aquatic carnivorous mammal or bird 

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

3.2 Toxicity Assessment 

Toxicity of a COPEC is assessed by identifying toxicity reference values (TRVs) 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. TRV s are therefore derived based on a no-observed-adverse-effect level 
(NOAEL) for the measurement receptor for a particular COPEC. NOAELs are derived 
experimentally or by applying uncertainty factors to available toxicity data. Since 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 ofCOPEC in these organisms 
will be proportional to the concentration found in the media. 
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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. 

TRV s for COPECs can be determined from toxicity values derived from a number of sources. 
Values for TRV s specific to the measurement receptors presented in the food webs in this 
guidance document are presented in Appendix G. 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 NOAA Effects 
Range-Low (ER-L) criteria for sediment. 

.,.. toxicity values published in the scientific literature 

... toxicity values generated for sediment using equilibrium partitioning 

.,.. toxicity values from surrogate compounds 

3.2.1 Toxicity Values for Community Measurement Receptors 

Surface Water 

The preferred toxicity reference values (TRVs) for surface water measurement receptors are the 
current New Mexico chronic numeric water quality standards for fisheries and wildlife habitat 
(NM WQCC, current revision) or the chronic National Recommended Water Quality Criteria 
(NR WQC) for the protection of freshwater aquatic life (US EPA, 1999c ), whichever is more 
stringent. The chronic NR WQC 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 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 1 00 mg/L as CaC03• 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 a site-specific water 
hardness is greater than 400 mg/L as CaC03 , a factor of 400 mg!L should be used. 
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Secondary chronic values (SCVs) should be used for chemicals that do not have NRWQC. The 
SCV s were developed using the Tier II method described in the Great Lakes Water Quality 
Initiative (GLWQI) (40 CFR 122 et al.). Using Tier II method, SCVs were calculated with less 
than the complete minimum data (e.g., tests for species from eight families of aquatic organisms) 
required for the NRWQC calculation. The Tier II method used statistically derived "adjustment 
factors" to calculate a SCV value. The adjustment factor decreases as the number of 
representative families increases. The SCVs or Tier II values can be obtained from the EPA's 
Office of Solid Waste and Emergency Response ECO Update (US EPA, 1996b). The Eco 
Update includes 34 Ecotox Thresholds (ETs) developed by Suter and Mabrey (1994) using the 
GLWQI Tier II method. These ETs have been reviewed by EPA and verified for accuracy. 

If neither NM WQCC, NR WQC, or SCV s are available for a chemical, the EPA Region IV 
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 CaC03• These screening values are appropriate for pH range 
between 6.5 and 9.0 (US EPA Region IV, 1995a). 

Sediment 

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

.,. Proposed Sediment Quality Criteria (SQC) published by EPA's Office of Water 
(Federal Register, January 18, 1994) for acenaphthene, dieldrin, endrin, 
fluoranthene, and phenanthrene (US EPA, 1993a - e). These values were derived 
using the equilibrium 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). The equation for estimating the SQC is: 

Where: 

SQC = foe X Koc X FCV 

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

Criteria (A WQC) 
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These SQC can be obtained from the EPA's Office of Solid Waste and 
Emergency Response ECO Update (US EPA, 1996b ). The SQC values presented 
in the ECO 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' Office of Water and 
Office of Solid Waste. The SQBs are calculated using the same EqP approach as 
the SQC except that Tier II surface water SCV s are substituted for the A WQC or 
FCV in the calculation. The SQBs are presented in the ECO Update (US EPA, 
1996b ). They are normalized to 1 percent organic carbon in sediment. 

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

Trace metals data were taken only from studies using a strong acid digestion 
techniques. No-effects, possible-effects, and probable-effects were developed. 
The ER-L values represent the lower lOth 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, 1996b) notes that there is relatively low correlation between the incidence of 
effects and the ER-L's for mercury, nickel, total PCBs, and DDT and that the ER
Ls for these four chemicals should be used cautiously. 

"' 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 
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Environment, 1995). 

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 

... chronicLOAEL 

... subchronic LOAEL 

... acute median lethality point estimate (LC50 or LD50 ) 

... single dose toxicity value 

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 NOAELs for use as TRVs. When appropriate, 
these UFs have been applied to development of the default TRVs in Appendix G. 

The terms chronic, subchronic, and acute are generally defmed by the following guidelines. For 
vertebrates, chronic tests last more than 90 days, subchronic tests last 14 to 90 days, and acute 
tests last less than 14 days. For other receptors, a chronic test lasts for 7 or more days, 
subchronic tests last 3 to 6 days, and acute tests last less than 3 days. 

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

• species employed 
• critical toxicity endpoint or target organ and all other endpoints evaluated 
• 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 
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• overall weight of evidence or uncertainty factors applied, confounding factors, and 
rationale 

• toxicity value recommended as TRV 
• source used 

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

3.2.2.1. Best professional judgement for evaluation of toxicity data 

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

• smaller spread between NOAEL and LOAEL doses in study leads to less uncertainty 
about the endpoint 

• higher number of replicates (animals per dose) leads to a more sensitive test 
• exposure route in test as close as possible to one occurring in nature 
• more sensitive life stage of receptor used for study 
• toxicant concentrations measured in test chamber instead of calculated from amount 

added to chamber 
• use, type and performance of controls 
• statistical test used to determine endpoint from test doses 

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

Often the study endpoint available from toxicological literature is not the chronic NOAEL 
needed for development of a TRV. A set of uncertainty factors (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. 

The following UFs should be used to extrapolate toxicity test data to a chronic NOAEL. Either a 
chronic LOAEL (or LOEL or LOEC) or a subchronic NOAEL should be multiplied by a UF of 
0.1 to extrapolate to a chronic NOAEL. An acute lethal value (LC50, LD50, or EC50) should be 
multiplied by aUF ofO.Ol to extrapolate to a chronic NOAEL. Other toxicity values, such as a 
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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. 
If different UF s 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 
Chronic LOAEL x 0.1 = chronic NOAEL 
(LC50, LD50 or EC50) x 0.01 =chronic NOAEL 

Recommended Information for Ecoscreen Report 

• 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/selected 
~ dose conversion method, if applicable 
~ overall weight of evidence or uncertainty factors applied, confounding factors, and 

rationale 
~ toxicity value recommended as TRV 
~ source used 

• media concentrations for community TRVs 
• TRVs extrapolated from toxicity data for measurement receptors 

4. 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). These ESQs are receptor-specific, media-specific, and COPEC-specific. For those 
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COPECs with an ESQ 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 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. An ESQ is generated for each measurement receptor for 
each COPEC it is exposed to at each area of contamination. For both community and guild 
receptors, is defined by the equation given below. For guild measurement receptors ESQ should 
be evaluated for both equal and exclusive diets. 

ESQ = EEL/TRV 
4.2 Describe Risk 

The purpose of the description of risk is to provide information so that the risk managers can 
judge the likelihood and ecological significance of the risk to measurement receptors for guilds 
or communities. If an ESQ equals or exceeds 0.3 (for exposure to multiple chemicals20

) or 1.0 for 
sites with one COPEC, this indicates a potential for ecological risk. ESQs exceeding this 
benchmark indicate the need for an site specific risk assessment and/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 

20 An ESQ of 0.3 is designed to account for exposure to multiple chemicals with similar mechanisms of action and/or 
target organ toxicities. 
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derived BCFs are used) 
• 1 00% of the home range for any receptor is in the assessment area 
• receptors are exposed throughout their life history (including critical life stage) 
• concentrations in plants and invertebrates are in equilibrium with the surrounding 

media 

For the purposes of an ecoscreen, the effect of these assumptions should be qualitatively 
discussed, but the assumptions should not be changed. During a site-specific assessment the 
assumptions can be revised using data gathered about the specific site. 

4.3 Develop Site-Specific Soil Screening Levels 

There 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 soil for a particular site that should not represent an excess risk to the 
ecosystem as a whole. This process of developing site-specific soil screening levels is described 
in Appendix H. However, the following restrictions or limitations should be kept in mind when 
estimating or applying the soil screening levels: 

~ they are applicable to exposure and risk 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 
AppendixH 

~ 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. 

4.4 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. 
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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. 

The toxicological information itself may be the source of several areas of uncertainty. 
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 chronic 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. 

The effect of these factors on the ecological risk estimates should be qualitatively addressed in 
the ecoscreen report. Table 3 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 ofESQ calculations for each measurement receptor and each COPEC 

... evaluation of nature/magnitude of risk 

.,.. qualitative analysis of impact of uncertainties on risk assessment process 

5. 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 
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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 PCOPECs, the final list of COPECs and the justification for each PC OPEC 
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 

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

rationale 
~ toxicity value recommended as TRV 
~ source used 

• media concentrations for community TRVs 
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• TRVs extrapolated from toxicity data for measurement receptors 
• results of ESQ calculations for each receptor and each COPEC 
• evaluation of nature/magnitude of risk from ESQs exceeding screening level 
• qualitative analysis of impact of uncertainties on risk assessment process 

+Third Technical Decision Point: Is Ecological Risk Possible? 

Based on the results presented in the Ecoscreen Report, do any COPECs have an ESQ exceeding 
0.3 (or 1.0 for a site with a single COPEC)? If so, this indicates that ecological risk is possible at 
the site. 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 3 

Example Summary of Uncertainty Analysis 

Effect on Risk Estimates 

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

Environmental Data 

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

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

Elimination of chemicals Low 
from quantitative analysis 
based on background levels 

Insufficient data to fully Moderate 
characterize all media being 
evaluated 

Fate and Transport Parameters 

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

Use of literature-based BCFs Moderate 

Exposure Assumptions 

Use of literature-based Low 
exposure parameter values 

Assumption on area use Low-Moderate 
factor 

Toxicity Data 

Use of literature-based Low-Moderate 
sources of chemicals' effect 
data (i.e., not specific to the 
site conditions) 

Use of a single species to Moderate 
represent all species in the 
guild 
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+Fourth Technical Decision Point: How Can the Problems at the Site be Addressed? 

Since the ecoscreen has been completed, risk managers and the public can now use its results to 
make 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 COPECs 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. 
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Carnivorous Mammals 
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Omnlvoroua Mammals 
Lea,..tbrew, Pyamy shrew, 
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Carnivorous Birds 
American kutr~l, Barrowiaa owl, 
Wbhe·tailed bawt, Coopera llawk, 

Ferrualnoua hawk, SwalotOill hawk 

Omnivorous Amphlblana/ 
. · • Rcptitcs 
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Invertobratea 
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weed, Purple tbrn•awa, M11qulte, 
Side-oat• srama, Yueea, ~utralo 

arau, Alkall•acatoa, Little bla11tem 
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Butera )'tllowbell)' ra~er. Oreal plahu 

ntaaata, Bulltuake, 
W•ll•ra dlamoadbaok ranlotaalcc 
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. . ... Omnivorous Birds 
Norther~ bobwhite, Lcucr prairie chicken, 

Le11or aoldea plover, Moun.talo plover, 
Am•rlcao plp.lt · 

Mour~Jaa Dove, Canada 
JO.OII, Cblppin1 Spa now 
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Carnivorous Mammals 
Long·tnilt:d 'K'tnu/, Swift fox, 
Coyote, B3dger, Spoiled skunk 

Omnivorous Mammals 
· UMi'i(rie,v, Pygmy shrew, 

,Towitsench mote, Eastern mole, 
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Herbivorous Mammals 
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RECEPTORS LISTED IN ITALICS 
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Carnivorous Birds 
Amtrlcnn lcestrel, Golden eagle, 

Coopers hawk, Pralrfo bawk, 
Ferruginous'hawk, Swainsons hawk 
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. . . ~ ......... :· .· ..... 

Invertebrates 
. Ncmatodcs,Gastropods, · 
Oligochaetes, Arthropods 

· Terrestrial Plants 
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Carnlvoroui Reptiles 
EaStemyellowbelly racer, Oteat plains 

ratmab, Bullsnake, 
Western diamondback rattlesnake 

Omnivorous Birds 
· Wullm mudowlnrlc, Scissor,tailed 
Oycatcher, Sandhill crane, Dickcissel, 

Oreater prairie chicken 

Herbivorous Birds 
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Chipping sparrow, 
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Carnivorous Mammals 
· ~ 1. ILong-tnlltif ll'tnrel, Coyote, Red fox 

Oray fox, Dndger, Spotted skunk 

Omnlvoro\as Mammals 
Wltlte-foottd mo111t, Opossum, 
Soul1iclstem shrew, Merriam's 

shrew, ArfzoJ:~I shrew, Desert shrew ,•· • 
Eastern chipmunk, Least chipmunk 

1 1 I 1 
;,p;-:.~ 

... ~ .., :,,t 

Herbivorous Mammals 
DmmOIIIt, Pyzmy rabbit, 

BMh rabbit, Easlem cottontail, 
Nuttall's cottontail, Desen 
·- · · ~tol\tall 
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Carnivorous Birds 
American katrel, Burrowing owl, 
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Crested caracara 

Omnivorous Amphibians I 
. Reptiles 

Ornate box turtle, Texas load, Texas spolicd 
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Invertebrates· 
Arachnids, Gastropods, 

Oligochaete~; ~rthropods, 
Nematodes 
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Cotton, Soy bean, Com, 

Sunflower, Thistle, Forbes, 
Sugarcane 
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. · Carnivorous Reptiles 
Easlem yellowbclly racer, Orcat plains 
ratsnakc.Texas rat snake, Bullsnakc, 
'Western diamondback rattlesnake 
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Omnivorous Birds 
Northern bobwhite, 

Homed lark, American pipit, 
Dicke is to: I 

Muumi11g Dove, 
Canada goose 
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Carnivorous Mammals 
Long·lailcd weuel, Coyolc, 

Red fox, Oray fox, Martell, Phber 

Omnivorous Mammals 
Slaort-tallod sb~w. Opouum, 
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tbrew, Smoky a brew 

Herbivorous Mammals 
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Carnivorous Birds 
Rtd-talltd hawk, 

Oreal homed owl, Coopeu hawk, 
Bam owl 

Omnlvorous.Amp~lblans I 
·Reptiles. . 

Omalc box rurtle, Marbled salaauador, Sleacln1 • • 
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. : .... 
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Invertebrates 
Nematods, ArachDid1, 

Ga•tropocls, 
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Terrestrial Plants 
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Red cockaded woodpecker, 
Yellow warbler 

Mouroins dove., 
Cblppins sparrow 

.EXAMPLE 
FOREST FOOD WEB 

"'"":."'I 

;~·f:{' ' 'tVC;;~-
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~iii 
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Carnlv.oroas Mammnls 
Min~. River oirtr/Iogunr. 

Mounttln li.on. Bobcat 

!:( .... , 
iEul 
0> 
~~ 

~ ... 
.. iii 

~s 

·, 

!=t-
iEul 
g~. 

Carnlvorou·s. Birds 
Amerlcn11 ktstnl, Northem 

harrier, Short-eared owl, · 
Merlin 

Ca.-nlvorous 
Shore Birds 

Spoiled sn11dplper, Great blue 
heron, Belted kingfisher, 

Black rail; Greater yellow legs 

• .. .. . .. . • . ,' ..... I ... • • • ·•· • -... . . ,..,, .. . 

Carnlv~rous Reptiles 
American alllaator; Alligator 

snapplna lllrtle, Spiny soflshell 
turtle, Speckled kin& snake, 

Cottonmouth 

' ' . . 

Carnivorous Fish 
Largemouth bass, Spoiled gar, 
·Alligator gar, Grass p.ickerel, 

Chain pickerel 

.. . ... 
# •• :~~-••••••••••• 

Omnivorous Birds 
Mnllnrd, Marsh wren, 

Red-winged blackbird, Swamp 
sparro~v, Northern shoveler, 

I 

Omnivorous 
Amphibians I Reptiles 
Green 1\-oa, Small•mouthed 
salamander, Palntedwrtle, 

. Omnivorous Fish 
Carp, Channc:l catlish, 

Blue catlish, 
Black bullhead 

Thrce·tQed amphfuma, Lesser alren 

- ' \ . \~· . ~~:' ':' ,,, . nv•' • 
\ \ ~<:;{~ •.. : •... :.~/---l·t: .. -·: 

Aquatl~:· Vegetation 
~-- 1 Vascular plants, Maidcncane, Saluncatlow 

co1llgro~~s. Uull tongue, Alligator wc:c:<l, Sedges 

I t '\ • • • • 

I , .. ••·"'··••••', ·'··· .. , .. , ......... .. 
I ' It I "t 

I > ' ' ' , 'i • I 'r:..' 1-J"--·----------....;--, . 'I I 
.W.ater 

lnvenebratts ' • 
Anhropoda. 
Gastropods, 
DcCapods 

·: :I Herbivorous I Planktivorous 
:: Fish 
f I 

'·' '. 
Carp, Golden shin~r. Threadfin 

shad, Mosquito fish, Sail fin 
molly, Red. shiner 

NOTE: PATHWAYS NOT REPRESENTED 
MATHEMATICALLY IN EQUATIONS 

Wate'r and Sediment 
Nutrients, Detritus 

EXAMPLE 
FRESHWATER FOOD WEB 

RECEPTORS liSTED IN ITALICS 
~Rt! MI!ASUREMENT RECEPTOR~ 



TL4 

TL3 

TL2 

TLl 

Carnivorous mammals: 
Bobcat, coyote, badger 

Lagomorphs: 
Antelope 
Jackrabbit 
Desert 
cottontail 

Carnivorous birds: 
Roadrunner, hawks 

Rodents: Kangaroo Rats, 
pocket mice 

vegetation 

soil 
nutrients, detritus 

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

detritivorous 
insects: 
Grasshoppers, 
ant, cicadas, 

· aphids, termites 

Carnivorous 
mammals: 
bats, shrews, 
voles 

Example Chihuahan Desert Food Web. As with all example food webs in this guidance, this web should be 
modified to reflect the species present at the actual site under consideration. Source: adapted from arid lands food 
webs provided by Dr. Walter Whitford at the USDA Agricultural Service in Las Cruces, NM. 
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TL5 

TL4 

TL3 

TL2 

carnivorous birds: carnivorous mammals: 
raccoon, coyote, 
weasel 

Herons, seagulls, redtailed hawk, comorant 

Insectivorous 
birds: 
Sandpiper, 
killdeer, 
flycatcher 

herbivorous birds: 
ducks 

carnivorous reptiles 
& amphibians: 
turtles, frogs 

dnigonflies 

fishes: shiners, 
mosquitoflsh, chubs, dace 

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

TL 1 aquatic vegetation 

sediment and water 
nutrients, detritus 

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

from EPA, 1999b 



n 
I ..... 

. . . 
. . 'ASSESSMENT ENDPOifqS FOR GUILDS AND COMMUNITES IN EXAMPLE FOOD WEBS 

""' -~, . ! ·~· 

··- ..... 1 ..• Representative Recepfon ltiarnpte.Crlttca• Ecotogl~l Attributes 
.. 

Aquatic Reeep~rs : .. 
.,. 

· Pri~ary producers convert light energy into biomass, and are the firsi link in 
Aquatic Plar.t'- :Phytoplankton, Vascular plants' aquatic food chains "'pportlni higher trophic level aquatic consumers and wildlife. 

.. Rooted vegetation also provides habitat and bottom stability . 
.. . 

Water ln~~ebi'ites c'rustoc~ons, Rotifers, Amphipods 
Aquatic invertebrates are an Important food·source for many higher trophic level 
consumers. Zooplankton regulate phytoplankton populations, and are a_critical 
link in en~rgy transfer to higher trophic lev~ls in aquatic ecosystems . 

, . . 
. Herblvorous/Planktlvorous Fish are an lmponant prey species for higher trophic 
·level predators In tho aquatic and tertestrial ecosystems, and. provide a critical link 

Herbi'<!orous/ • Carp, Gulf k iII i fish, Thread fin shad, M~lly, Golden Shiner, for energy transfer ft'om primary. producers to higher trophic level consumers. 
Plonktivorous'Fish Goby, Mosquito Fish, Red Shiner · They generally comprise the majority ortlssue biomass in aquatic ecosystems, and 

' provide an Important role to the eco$)'Stem through regulating algae and plankton 
biomass • .•. 

CD~ Channel catfish, Ga.ffiopsoll fish, Atlantic midshipman, Omnivorous· fish arc an Important prey Item for higher trophic level predators . 
Omrilvoroua Fish Through predation, they may also regulate population levels in lower trophic level .. Feather blenny, Gulf toad fish; DJuecat, Bullhead fish and invertebratu. 

0 :_ 

l.qrgemouth bass, Spotted gar, Bull shark, Red fish, Grass Carnivorous fish provide an_lmponant tunction for the aquatic environment by 
Carnivorous Fish pickerel, Alligator gar, Chain pickerel, American eel, Atlantic · regulating lower trophic populations through predation. They are also on imponant 

. ·1~: stingray, Spotted moray eel, Fine toothed shark . prey Item for many top level mammal and tilrd carnivores. 1 

Sediment Receptors 
, 

- .. Stdiment lnvenebrat~ aie an Important food source for many higher trophic l~vel . ·c ~ . Oligochaetes, Pelecypods, Amphipods, Decapods, Polychaetes, Sediment lnv.ertetirates predat9rs.· They also provide an lmP,Onant role.- decomposersldetritivores in . 
I ••·. •• 'Gastropods . · nutrient cycli~g. · · 

1 Soli Receptors ·il• ·. 

T~rmrriat Pt.nts 
·' . . Primary producers provide a critical foOd source and are the first link in the 
Vascular plants, Grasses, Forbs, Lichens terrestrial food chain for higher trophic level consumers. In addition, vegetation 

.. provides criticat"babftat for.wlidllfe. · . 
-·- ·-· ----- ---· 
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ASSESSMENT ENDPOINTS FOR GUILDS AND COMMUNITES.IN·EXAMPLE FOOD WEBS 

•m ,~ Representative Recepton 

S.oillnvertebrates Nematodes, Gastropods, Oligochaetes, Arthropods 
...... ., .. 

. . 
Upper Trophic JAvel Avian and Mammalian Wildlife 

. ,., .. 
'··' Deer mouse, Nutria, Eastern cottontail, Prairie vole, Fox 

Herbivorous MilmmalSl 
• . . ! 
t· 

squirrel, Grey squirrel, S\vamp .rabbit, Eastern wood rat, White·· · 
railed deer, Fulvous harvest mouse, Black-tailed jackrabbit, 
· Hispid cotton rat, Hispid "pocket mouse, Black-tailed prairie dog, 

f-

Herbivorous' Birds : 1 ~our:ning dove, Canada goose, Chipping sparrow, Northern 
prntall 

, Lea.st shrew, Raccoon, Muskrat, Marsh rice rat, Wild boar, 

0 nivoroits Mb I 1 Cotton mouse, Eastern spotted skunk, Coyote, Nine-banded 
m .. .- m~a s .1 . armadillo, Virginia opossum, Elliot~s short-tailed shrew, Strip~d 

: skunk, Golden mouse, Seminole bat. 

American robin, Northern bobwhite;, Marsh wren, Carolina 
~ wren, Swamp sparrow, Yc.llow warbler, Lesser prairie chicken, ,. 

0 • ro '""frd . . Roadrunner, Mallard, Least sandpiper, Red cockadcd wood 
mntvo us·u s k. R b'll a· • • h" k S . 'I d i pee er, oseat.e spoon 1 , · reater prame c 1c ·en, c1ssor-ta1 e 

-~~ flycatcher, Sandhill crane, Dickcissel, Canada goose, Red-
1 . winged blackbird, Hooded merganser, Northern shovler . 

••• I 

Om I 1. Ornate box to..~rtle, Greeri frog, Texas toad, Eastern hognose 
A h':t,t:u~ . .:. i snake, Plains blind snake, Small-mouthed salamander, 
mpReptJie1~ · Diamondback terrapi~, Short-lined skink, Six-lined race!'lnner~ 
· ~stem green toad, Marbled salamander, Slender glass hzard, 

_"1._•··!·~··· 

.. ~. · ~~· .. ,On:y fox, Swifi fox, River otter, Bobcat, Mountain lion; Long- · 
Carnivorous Mammali. tailed weasel, American ba~ger, Red fox, American mink, Red 

V lWO)f 

.•·.rP .· 

· ·. · Jtramp1e Crltl~l EtoiO,Ical Attributes 

Soil invertebrates provide an important foOd source "for many higher trophic level 
species. As decomposersldetritivores they play a critical role in nutrient cycling. · 
They also aid in·aon ae,.tion and Infiltration by increasing macro, and micro 
p()ros.ity . 

Herbivorous manuriaft are an Important prey item for many higher' trophic level 
predators. They provftle an important link for energy transfer between primary 
producers afld hlgher.trophlc level consumers. In addition, these organisms 
generally comprise abe majority ofthe terrestrial tissue biomass, and arc important 
in seed dispersal and polffnallon for many plant species. 

Hcrbivorous·blrdsare an Important prey item for many higher trophic level 
predators. They are iinpqrtant in 1~ dispersal for many plants in both terrestrial 
and aquatic ecosY.sfems. ,Aquatic herbivorous birds may also play an important role 
in egg dispersion f'or fish and invertebrate species. 

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

Omnivorous birds are an lmpqnant prey item for higher trophic level predators. 
They play an fmf'!.)rtant rohl in seed-dispersal and pollination for many types ~f 
terrestrial vegetation and aquatic plants. In addition, aquatic species provide egg 

. dispersal for some fish and Invertebrate species. 

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

carnivorous mammals pfovlde an"lmportant fUnctional role to the environment .by 
regulating .lower trop~fc level prey populations. 

..... 
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. Carnivorous Birds 

Carnivorous Shore 
. Birds . 

I 

Carnivorous Reptiles. 

ASSESSMENT ENDPOINTS FOR GUILDS AND COMMUNITES IN EXAMPLE FOOD WEBS 

. . Representative Recepton . E1ample Crltlealleologlcal Attributes 

Red-tailed hawk, American kestrel, Marsh hawk, Great-horned Carnivorous Birds provide in Important functicmal role to the environment by 
owl, Bam owl, Burrowing owl, White-tailed hawk, Ferruginous regulating lower trophic level prey populations . 
hawk , Swan sons hawk, Golden eagle, Mississippi kite, Prairie 
hawk, Merlin 

. . 
. Carnivorous Shore Biros provide an Important functional role to the environment 

· Orcat blue heron, Belted kingfisher, Spotted sandpiper, Black by regulating lower trophic level prey populations, and influencing species 
rail, Greater yellow legs, Dunlin, · · composhio(l in terrestrial and aquatic ecoSystems. They also provide egg dispersal 

for some fish and aquatic fnvertebrates. · 

.Eastern yellowbelly racer, Ellstem coral snake, Texas rat snake, Carnivorous Reptlles,provlde an Important functional role to the environment by 
Western Diamondback rattlesnake, 1\merican alligator, regulating·towcr trop~lc level prey and arc an important prey itt:m for other upper 
Bullsnake, Alligator snapping turtle,.Cotton mouth, Speckled trop~ie level predators. 
king snake, Spiny softshell t1,1rtle Oulfsalt marsh snake; 



APPENDIXD 
EXAMPLES OF INFORMATION GATHERED ON MEASUREMENT RECEPTORS 

INGESTION RATES FOR EXAMPLE MEASUREMENT RECEPTORS 
from EPA, 1999b 



Ameri~an Kestrel 

The American kestrel (Falco sparverius), o~ sparrow hawk, was selected as the measurement r~ceptor for 

the carnivorous bird gUil~ in the .example shortgrass prairie, tallgrass prairie, s~b/~c~b, freshwater 

w~tland, and brackishfmtennediate ~h food ~cbs based on the following inf~rmation: 

• 

• 

• 

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

The kestrel's prey include a variety of invertebrates such as worms, spiders, scorpions, 
~etles, and other large insects, as well as an assortment.of ~ to medium-sized birds 
and mannnals~ Winter home! ranges vary &Om~ a few~- to .hiinctredS or'heeiareS, 
dep"ending on the imount-of available prey·fu the area.,; . '· . . . . . .... , 

- . . - ·. .. 

The availabflicy of natural histoty infQnnation (e~g:; home mng~~:iil&cStion ~teS~ bOdY 
Wc:~ghts) alSo_ suppo~ scleetion JS a measurement receptor. · . ; · · . 

American Robin 

D-1 



. · .. 

The American robin (Turdus·migra-torius)"was selected as the mea~urement receptor for the omnivorous 

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

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

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

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

Canvasback 

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

guild in all thiee example ~quatic food webs based on.the following information: 

• The Canvasback provides a valuable functional role to aquatic habitats by dispersing 
seeds for aquatic vegetati~n. 

• The Canvasback is the largestmember of the Pochards (bay ducks) and is common 
throughout North America. They breed frorri Alaska to Nebraska, and in intermountain 
marshes of Washington, Oregon, and northern California. Their diet consists of aquatic 
vegetation, and small invertebrates, which they obtain by digging in sediments. 
Although the canvasback consumes aquatic invertebrates during certain times of the 
year, in winter when they are present along coastal regions, a large portion of their diet is 
aquatic vegetation and was therefore selected to represent the herbivorous bird guild. . . . . . . . 

• 

Deer Mouse 

Since natural history information on the canvasbc:~ck was scarce, the Lesser Scaup 
(Aythya affinis), for which natural history information is readily available; was selected 

·as a surrogate receptor. 

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

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

the following information: 

• The deer mouse is preyCd upon bY owls." snakes, and sinaU cainiyorous mammals, 
malciiig it a Vety inlpQrtant prey ite~. Th~·anfmal also plays an jrnport31lt ecological 
role in seed and fruit dispersion for many types of vegetation. In addition, their · · 
burrowing activities influence soil composition and aeration . 

.. . · .. • ... 



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

Least Shrew 

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

The least shrew (Cryptotis parva) was selected as the measurement receptor for the omnivorous 

mammal gU,ild in the exainple tall~s prairie, ~hortgnlss.prairie, and freshwater wetland food webs 

based on the following infonnation: 

• 

• 

• 

· · · ·ae<:aUse of the shreWs abundance and high· population density, they·make up a large 
· po~on of the diet of owls, hawks, and snakes. 

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

The availability of natural history infonnation (e.g., home range, ingestion rates, body 
weights). also _support selection as a measurem.ent receptor. . · · 

Long-tailed Weasel 

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

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

information: 

The long-tailed wea5el·is important in regulating small mammal populations through 
predation. Predators of the weasel include cats, foxes, snakes, and large niptors such as 
hawks and owls. 

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

• The availability of natural history information (e.g., home range, ingestion rates, body 

wei~~~>.~--~~~,~~~~onasa~easur~en~.recep~r ....• :. ·= .;~;; ••.. 

Mallard Duck 
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The mallard duck (Anas platyrhjmchos). was chosen as the measurement receptor for the orrmivorous bud 

guild for the· freshwater wetland and brackishlihterri1ediate marsh food webs based on ~e following 

information: 

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

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

• The mallard is vecy important game speCies, representing approximately one-third of all 
waterfowl harvested. · · · 

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

Marsh Rice Rat 

The marsh rice rat ( Oryzomys palustriS) was selected a5. the measUrement recept~r for the onmivoroW; 

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

information: 

• The marsh rice rat inhabits marsh and wetland areas where it feeds on crabs, insects, 
fruits, snails, and aquatic plants. The rice rat plays an important role in seed dispersal 
and. is a major fo9d item for many pred?-tors including raptor~, cats, weasels and snake~. 

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

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

Marsh Wren 

· The marsh wren ( Cistothorus palustris) was selected as th~ measurement receptor for the omnivorous 
. . .· . 

bird guild in the example salt_ g:JarS" food web based on the following infonnation: 
··,~·: 

• The marsh ~ COnsumeS large numbers of aquatic insects thus regulating their 
popuJations, which ~ke it a valuable component of the ecosystem. Main predators are 
snakes and turtles which prey heavily upon the eggs. · · · 

D-4 



Mink 

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

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

The mink ~Mus tela vis on) was selected as the measurement receptor for the cami:vorous mammal guild in 

the example brac~shlintermeciiate m.arSh and freshwater food webs based on the following infonnation: 

. . . 
· ·• . As a high trophic ~evel predator, the mink provides an· important comporient to the · 

ecosystem by influencing the population dynamics of their prey. Their main predators 
include fox, bobcats, and ue:at-homcd owls. 

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

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

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

Mourning Dove 

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

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

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

• . The mouniing dove inhabits open woodlands, forests, prairies, and croplands. It -feeds 
.mostly on seeds, which comprise 99 percent of its diet It may ingest insignificant . 
amountS 9f aqimal utaitcr and ·green forage incidently. 

• Mourning do'Ves have ~ high potential for expOsure through ingestion of inorganic 
contaminants. 
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Mourning doves are an important game species, contributing significantly as a food and 
economic resource. 

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

Muskrat 

The muslcrat (Ondrata zibethicus) was selected as the measureme~t receptor for the herbivorous ma~l · 

guild in the example freshwater wetland and brackishlinte;:mediate marsh food webs based on the 

following information: 

• The muskrat is .important to the overall structure of the aquatic ecosystem by regulating 
aquatic- vegctltion diversity and bioiruiss, resUlting in stream bank stability anc;i mcieased · 
habitat diversity .for aquatic organisms including fish: ·n was also chosen as the · 
measurement receptor based on its value to the ecosystem including its large population 
densities a,nd ·importance as a prey species (e.g., prey for hawks, mink; otters, owls, red 
fox, snapping turtles, alligators, and water snakes). 

•. .lhe.muskrat ~r.ds a· large part of its tim~~ the water, anq is common in freshl 
brackish, and saltwater habitats. It has relatively high food and water ingestion rates, 
and a diet. that consists mainly of aquatic vegetation, clams, crayfish, frogs, and small 
fish. 

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

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

Northern Bobwhite 

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

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

following information: 

• The bobwhite plays an important role .in seed dispersion-for many plant species, and is 
an important prey item for snakes, and other small mammals. If habitat conditions 
permit, the4" numbers will in<?fease rapidly, providing m 11-dditio~ food source for many" 
predators. They also ate valuable in controlling insect populations during certairi times 
of the year. ·· · 

. . 

• The bobwhite~s diet consists mainly·of seeds and invertebrates,_ although in.th~ win~er 
gteen vegetation can dominate its diet. Outing breeding se'lSon, the bobwhite's home 
range may encompasses several hectares, includin3 areas for foraging, cover, and a nest 

.·; · .... 

D-6 



·Site.· In non-breeding season, the bobwhite's home range can be as large as 16 hectares. 
It has a high potential for exposure through ingestion and dermal contact with soil during 
dust bathing. · · 

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

Northern Harrier 

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

receptor for carnivorous bird guild in the example salt marsh food web b~ed on. the following 

·information: 

• · The marsh hawk plays an imPortant role in the ecosystem _in re~iating smaii. mammal 
populations through ~tion. 

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

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

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

Red Fox 

The red fox ( Vulpes vulpes) was selected as the measurement receptor for the camivo~ous mammal guild . . . . . . . . . . 

in the example salt marsh food web based, <?n the following infonnation: 

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

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

·, ·' .. .. .·.. . . ' : . . 

• Th~· a~labiiity of~nifal history information (e.g:,home'range,~ingestion rates, bOdy 
weights) also support selection as a ineasuremerit i"eceptor. · 

Red-talled Hl\wk 

..... ~.,~, ... .._,ft4•·· ........... .. 
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The red-tailed ·hawk (Buteo jamaicensis) was selected as the measurement receptor in ihe carnivorous 

b.ird guild in the example forest food web based on the following info~at1on: 

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

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

• Red-tailed hawks have shown sensitivity to niany chemicals which disrupt reproductiOn 
_or·cgg d~clopincnt · 

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

Sait Marsh Harvest Mouse 

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

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

information: 

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

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

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

Short-tailed Shrew 

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

... 

• The short-tailed shrews value as a- prey species for many high levelpredators is very 
important to the heal~ of~ ceo~ . They also play an "important role m ~il 
recycling arid aeration, through ~el excavation. . . 

• The short-tailed shrow is one of the most common mammals in the United States. It is a 
small insectivore~ mammal that represents secondary consumers (insectivores) present 
in terrestrial ecosystems. Their diet of invertebrates such as earthworms and their 
burrowing behavior result in a high potential of direct and indirect exposure to 

. ~ ..... 
.:,· 
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contaminants It has a very high metabolism rate which requires almost constant feeding. 
The most c·ornmon habitats are wooded and wet areas in the drier parts of the range. 

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

Spotted Sandpiper 

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

shore bird guild in the exampl~ fr~shwater wetland, brackish/intermediate, and saif marsh food webs 

based on the:following information: 

• The ·spotte4 sandpiper inhabits !1 wide variety of habits usuallY. associated with water or 
marsh. 

• Spotted sandpipers have a high potential for exposure through ingestion of aquatic· 
insects~ wonns, fish , crustaceans, mollusks, an~ carrion. 

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

Swift Fox 

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

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

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

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

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

Western Meadow Lark 

. • . •. _ ..... ·i· ,., , (. .. • • J .. :. ..... #:- . ·. 

nie westem.uieadow lark (Sturnella neg/ecta) ·w,~s Selecte~ as the measurementtec~tor for the 

omnivo~ous ·b~rd guild in th~ _example tallgrass prairie food web based. ~n the followiitg infonnation: 

• lite w~ste~ meadow. lark serves an important nmction in seed disperSion for m~y forb 
and grass species, making it a valuable component of the ecosystem. 
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Habitats include grassland, savanna, pasture, and cul~ivated fields. The western meadow 
lark forages on spiders, sowbugs, snails, and grass and forb seeds. · 

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

· White-footed Mouse 

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

omnivorous mammal $Uild in the e~ple shn.lblscrub food web based on the following information: 

• The white-footed mouse plays an imp9rtant role in Seed dispersal and provide an 
important food source for raptors, snakes and other· mammals ·including cats, weasels and 
fox. 

• The white-footed mouse feeds .on nuts, seeds, fi.:uits~ beetles, caterpillars, and other· 
insects. Due to its burrowing and dietary habits, there Is a high potential for direct and 
indirect exposure. 

• The availability or"natural history information (e.g., home range, ingestion rates, body 
weights) also support selecti<m as a measurement .receptor. 
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t:1 
I ..... ..... 

Measurement 
Receptor 

American Kestrel 

American Robin 

I 

Canvas Back 

Deer Mouse 

Least Shrc.w 

Long Tailed Weasel 

Mallard Duck 

Marsh Rice Rat 

Marsh Wren 

Mink 

. ~ ·· .. 

Example 
Food Web" 

SG,.TO,SS, 
FW,BR 

F 

FW,BR, 
sw 

TG,F,SG, 
ss 

SO,FW, 
TO 

TO ,F,SS 

BR,FW 

BR,SW 

sw 

FW,BR 

. . .. 

INGESTION RATES FOR EXAMPLE MEASUREMENT RECEPTORS 

;.·:.: . ··:·· 
Food IR • Water JR .. ;· : Soli/Sed IR m 

Body (kgWW/ (L /kg BW~ :~ (kg DW/ 
Weight (kg) Reference kg BW-day). Refer~nce ,~ay), j . ·t Reference 

•. 
kg BW-day) Reference 

I.OOE-01 U.S. EPA 1993o 4.02E-OI r U.S. EPA 1993o; l.lSE-01 • U.S. EPA 1993o 1.39E-03" Pascoe et al. 1996 
Nagy 1987 

S.OOE-02 U.S. EPA 1993o 4.44E-OI r U.S. EPA 1993o; 1.37E-01• U.S. EPA 1993o 1.43E-02 o Beyer et al. 1994 
Nagy 1987 

7.70E-OI b U.S. EPA 1993o 1.99E-OI r U.S. EPA 1993o; 6.43E-02• U.S. ~PA 1993o 1.82E-03' Beyer et al. 1994 
Nagy 1987 

1.48E-02 U.S. EPA 1993o 5.99E-OI 1 U.S. EPA 1993o; I.SIE-01 1 U.S. EPA 1993o 1.44E-03 q Beyer et al. 1994 
Nagy 1987 

4.00E-03 National 6.20E-01 h U.S. EPA 1993o 1.728-01 '- U.S. EPA 1993o 1.36E-02 o Beyer et al. .19!>4 
Audubon Society 

1995 .. 

8.50E-02 National 3.33E-01 I U.S. EPA 1.993o; 1.27E-01 1 U.S. EPA 1993o 2.98E-03' Beyer ct al. 19<J4 
Audubon Society Nagy 1987 

1995 . 

1.04E+OO U.S. EPA J993o 1.79E-O I r U.S. EPA 19.93o; 5.82E-02 •. U.S. EPA 1993o 3.18E-03 Beyer et al. 1994 
Nagy 1987 

J.OOE-02 National 4.40E-OI • U.S.'EPA 1993o; 1.418-01 I U.S. EPA 1993o 2.33E-OJ' Beyer el al. 1994 
Audubon Society Nagy 1987 

1995 

I.OOE-02 U.S. EP.A 1993o 9.26E-OI r U.S. EPA 1993o; 2.7SE..01 • U.S. EPA l993o 1.96E-01 • Bc)•er el al. 1994 
Nagy 1987 

9.74E-OI . U.S. EPA 1993o 2.16E-OI I U.S. EPA 1993o; 9.93E-02 1
• U.S. EPA 1993o 1.93E-OJ' Beyer el al~ '1994 

Nagy 1987 
--- --- ---~- -- - --



t:l 
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t-' 
N 

J\·feasurement 
Reteptor 

Mourning Dove 

Muskr.st 
;, 

Northern Bobwhite 

I Nonhem Hamer 

I 

Red Fox 
I 

Red-tailed Hawk 

Salt-marsh Harvest 
Mouse 

,, .. 

Shon-tailed S.hrew 

Spotred Sandpiper 

Swifl Fox 

Western Meadow 
Lark 

White-footed Mouse 

Exllrnple 
Food Web• 

F,SS, TG, 
so 

BR,FW 

SG,SS 

sw 

sw 

F 

sw 

F 

SW,BR, 
FW 

so 

TO 

ss 

I. 

INGESTION RATES FOR EXAMPLE. MEASUREM~NT RECEPTORS 

--

Food IR • WaterJR Soli/Sed JR"' I 
Body (kgWW/ (L/kgBW.; (kg DW/ 

Weight (kg) Rererence kg BW-day) Rererence day) Rererence kg BW-c.Jay) Reference 

1.50E-O I • U.S. EPA 1993o 3.49E-OI ' U.S .. EPA 1993o; 1.098·0·1 .. U.S. EPA 1993o· 7.01E-03" Beyer et al. 1994 · 
Nagy 1987 

1.09E+OO U.S. EPA 1'993o 2.67E-01 l . U.S: BPA 1993o; 9.828-02 1 U.S. BPA 1993o 6.41 E-04 · Dt:ycr et ul. 1994 
Nagy 1987 

I.SOE-01 U.S. EPA 1993o 3.49E-OI r U.S. EPA 1993o; 1.09E-Ol t U .. S. EPA 1993o 1.20E-02' Beyer et al. 1994 
Nagy 1987 

9.60E-01 U.S. EPA 1993o 1.85 E-0 I r U.S; EPA 1993o; · .s.9?E..02 •· U.S. EPA 1993o 9.95E-03 " Beyer er al. 1994 
Nagy 1987 

J.94E+OO U.S. EPA 1993o 1.68E-OI I U.S. EPA 1993o; 8.63E-02 1 U.S. EPA 1993o 1.51 E-03 Beyer et al. 1994 
Nagy 1987 

9.60E-OI 4 U.S. EPA 1993o 1.85E-Ol r U.S. EPA 1993o; S.99E-02 1 U.S. EPA 1993o 9.95E-03 • Beyer et al: 1994 
Nagy 1987 

9.1 OE-03 U.S. EPA 1993o 7.41 E-01 1 U.S. EPA 1993o; I.SSB-01 1. .U.S. EPA 1993o 1.78E-03 q Beyer et al. 1994 
·Nagy 1987 

I.SOE-02 U.S. EPA 1993o 6.20E-OI h U.S. EPA 1993o l;SIB-01 I U.S. EPA 1993o 1.36E-02 • Beyer et al. 19?4 

4.00E-02 U.S. EPA 1993o 5.69E-OI r U;S.'EPA 1993o; 1.74E-01 1 U.S. EPA 1993o. 4.15E-02" Beyer .et ul. 1994 
· Nagy 1987 

1.40E+OO U.S. EPA 1993o 1.93E-Ol I U.S. EPA 1993o; 9.34E~02 1 U.S. BPA 1993o 1.73E-03' Beyer et al. 1994 
Nagy 1987 

<J.OOE-02 U.S. EPA 1993o 4.21E-01 r U.S. EPA 1993o; ·J.31E-OI • U.S. EPA 1993o I.39E-02 • Beyer er al. 1994 
Nagy 1987 •, 

I.OOE-02 U.S. EPA 1993o 6.14E-OI I U.S. EPA 1993o; l.S2E·Ol 1 U.S. BPA 1993o 2.70E-03 Beyer et al . .1994 
Nagy 1987 

~ " 
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Food Webs: BR- Brackisbllntem,ediate Marsh; F- Forest; FW- Freshwater/Wetland; SO- Shortgrass Prairie; SS- Shrub/Scrub; 
SW - Saltwater Marsh; TO -Tall grass Prairie: 

The body weight reported for the.mallard is used as a surrogate value for the canvas back. 
. 'The body weight reponed for the nortfiem bobwhite is used as a surrogate value for the morning dove • 

The body weight reported for the red-tailed hawk is used as a surrogate value for the northern harrier. 
·Food ingestion rate (IR) values are reported in Table S-1 as kg WW/kg BW-day. To convert IR. from a dry weight (as calculated using allometric 
~uations) to a wet weight basis, the f~llowing general equation is used: · 

IR kg WW/kg BW-day • (IR kg DW/BW-day)/(1 -% molsture/100) 

Ingestion rate values provided in Table s~ I are calculated based on assumed percent molstdre content of food Items of measurement receptors 
specified. For herbivores, the moisture content of ingested plant matter is assumed to be 88.0 percent (Talz et al. 1991). For carnivores, the 
moisture content of ingested animal matter is assumed to be 68.0 percent (Sample et al. 199:7). For omnivores;· an equal fraction of plant and animal 

· · ·matter is assumed ingested with an overall average moisture content .of78.0 percent [(88.0 + 68.0)12]. · 
Food ingestion rates genemted using the following allometric equation for all birds: JR. (sf~ay)- 0.648 Wt USI (g). 
Food ingestion rates generated using the following allometric equation for rodents: IR. (sfday) • 0.621 Wt o.Jt4 (g) •. 
Allometric equations reported in U.S. EPA ( 1993o) do not represent Intake rates for shrews; therefore, measured field values from the referenced 
sources are presented. . · 
Food Ingestion rates generated using the follo\ving allometric equation for all mammals: ll((sfday) • 0.235 Wt o.au (g). 
Food ingestion rates generated using the following allometric equation' for herbivores: JR. (Jiday);. 0.577 Wt o.n7 (g). 
Water Ingestion rates generatCd using the following allometric equation for all birds: IR (Uday) •.0.059 Wt "'70 (k,§l· 
Water ingestion rates generated u~ing the following allometric equation for all J:llam~als: I.R. (Uday) ~ 0.099 Wt o. (kg). 
Soil and sediment ingestion rates .calculated based on percent soil In diet as reported In Beyer et al. 1994. 
P~cnt soil in diet reported for the bald eugle is used as a surrogate'value for the american ~e'strel, northern harrier, and red-tailed hawk . 

. Percent soil in diet is assumed as I 0.0 percent of diet based on range presented in Beyer et .al. 1994. 
· Percent soil in diet reported for the mallard is used as a surrogate value for the canvas back. 

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



APPENDIXE 
BCF VALUES FOR COMMUNITY MEASURMENT RECEPTORS 

(Includes tables C-1 through C-7 from EPA, 1999b: 
not included in external review copy due to length) 



APPENDIXF 
BCF VALUES·FOR MAMMAL AND BIRD MEASURMENT RECEPTORS 

FOOD CHAIN MULTIPLIERS .. 
·from EPA, 1999b 
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. '.:r ~.-. -· . Coft!pound _ 
American Canvas 

:'~ ~ ,,.. - . Robin Back 
I~· -- I (BCF~ .... ) (BCF ....... ) 
Dloshttaad Fura111o ·-

' 12.3.7.1-TCDD - 3.24e-02 1.4Se-02 
1.2.3,7.1-PeCDD - 2.98e-02 1.34c-02 

' 1.2.3.4.7.1-HxCDD - l.OOe-02 4.Sic-03 
1.2d.6 71-flxCr>D - 3.89.:..()3 1.74~-0J 

· J,2J,7,1.9·HxCr>ll - 4.54e-Ol 2.03c-03 
1.2.3.4.6.7.1-HDCDD- 1.6Sc-03 7.41 c-04 

·.OCDD -· 3.89e-04 1.74c-04 

.Ul.I-TCDF - 2.S9e-02 1.16c-02 
' 1.2.3,7.1-PcCDF -· 7.13e-03 3.20c-03 
· 2;3,4,71-PcCDF - 5.19.:-02 2.33e-02 

. 1.2J..f.7.J.HxCDF -· 2.46e-03 I.IOe-<!3 

: 1.2J.~7,S.HICDF - 6.16e-03 2.76e-03 
!?.MA,7k_HsCDF - 2.17e-02 9.74c-03 
1.2.3,7.8.9·HxCDF- - 2.04e-02 9.16e-03 

. U:3.4.6.7k_HpCDF- 3.57e-04 1.60e..().4 

: 1it3~.7.S.9-HpCDF- l.26e-02 S.67c-03 

• OCDP' ;r::- S.19e-04 2.33e-04 
hlrndnr aromatfc-tmtronrbons lPAHsl 

il~l)mene - 1.19e-02 S.32e-03 
. ~a)lnthncene - . 4.20C-03 1.88c-<!J 

fluol'llntllcM·· 1.40c-02 6.29e-<!J 
nthene- 1.39c-02 6.2Sc-<l3 - - . 4.84e-03 2.17c-03 

Inn-..~. """nthneene 3.1le-02 1.39c-02 
' lndenoCI ..... · 7.24e-02 3.2se..o2 

PolYcllforlnated blpfl~yft (I COs) 
Aroc:lor 1016 ... 2.23e-03 l.OOe-03 
Aroclor 1254 1.42e-02 6.3Se-03 
Nttroaromadts 
1.3-Dinltrobcnzenc 2.73c-07 1.22c-07 
2.4-Dlnltrotolucnc 8.70c-07 3.90e-<l7 
M-_Dlnltrofolucnc 6.79c-07 3.05e-<l7 
Nitrobenzene 5.99c-07 2.69e-<l7 
hntachloronltrobenzenc 3.8Se-04 1.72c-04 
Phtfla1att estell! . 
8fsf2-ethvlhex( JhDIDte 1.41c-03 6.33e-04 

Bioconcentratlon Factors for Plants to Wildlife Measurement Ree~ptoi's . . 
Measurement Receptor •' 

Deer Least Mallard Marsh Rice Manh Mournln& Northen 
Mouse Shrew Duck Rat Wren Dove Ma1lcnt Bobwblti 

: (BCFn.uu) I (BCF'H.nu) (BCF .... n.) (BCF ...... ) CBCF-.-..\ I CBCF ••• \ ·mCF-..... l I CBCP .... .-l 

3.25e-02 3.37e-02 1.31c-02 2.39c-02 6.76e-02 l.SSc-02 i..45e-02 2.55~ 

2.99e-02 J.JOe-02 1.20e-02 2.20c-02 6.22e-02 2.34c-02 1.33..02 2.34.02 
I.Ole-02 1.04c·02 4.0Sc-03 7.41c-03 2.10c-02 7.90c-03 4.500.03 7.90.03 
3.9le·03 4.04c-03 I.S7c-03 2.87c-03 8.12e-03 3.06c-03 . J.74o-03 ).06e..()3 
4.56e-OJ 4.71e·03 1.83c-03 3.3Se-03 9.47e.03 3.S7e-OJ 2.03o-03 3.57..03 
1.66e-03 1.72c-03 6.67e-04 1.22e-03 3.4Sc-03 l.lOe-03 7.40o-04 JJOe-b3 
3.91e-04 4.04c-04 I.S7c-04 2.87c-04 8.12c-04 3.06e-04 1.74e-04 3.06e-04 
2.60e-02 2.69e-02 I.OSc-02 1.9le-02 · S.41e-02 2.04e-02 · 1.16o-02 2.04e-42 
7.16e-03 7.41e-03 2.88e-03 S.26e-03 l.49e-02 S.61e-03 3.19e-03 5.61.03 
S.2le·02 5.39c-02 2.09c-02 3.83c-02 I.OBe-01 4.08c-02 2.32o-02 4.08..02 
2.47e-03 2.56c-03 9.94e..04 1.82c-03 S.14e-03 1.94c-03 1.10..03 1.94o-03 
6.18e-03 6.40e-03 2.48e-03 4.S4c-03 l.28c-02 4.84e-03 2.76e-03 4.84e-03 
2.18e-02 2.26e·02 8.76e·03 1.60c-02 4.53e-02 1.7le-02 9~.03 1.71.02 
2.05e-02 2.12c-02 8.24c-03 l.Slc-02 4.26e-02 l.61c-02 9.i4e-03 . 1.61~ 
3.S8e-04 3.70e-04 1.44c-04 2.6~e-04 •7.44c-04 2.80e-04 1.60e-04 . 2.80o-04 
1.27e-02 1.3lc-02 S.10c-03 9:33e-03 2.64c-02 9.94e-03 5.66e-03 9.94.03 
5.2le-04 S.39c-04 2.09c-04 3.83e-04 1.08e-03 4.08c-04 2.32e-04 4.08c-04 

2.03e-02 2.10C-02 4.78c-<l3 1.49c-02 2.47o-02 9.32e-03 9.03.03 9.32.03 
7.19e-03 7.44c-03 1.69c-03 S.28c-03 8.76e-03 3.30e-03 · .. 3.21.03 3.3oit-o3 
2.40e·02 2.48c-02 S.66e-03 t:76c-02 2.93e-02 I.IOe-02 'J,07o-02 . 1.10o-02 

· 2.39e-02 2.47c·02 S.62e-03 1.75c-02 2.91e-02 I.IOe-02 1.06o-02 1.10..02 
8.27c·03 8.S6e-03 1.9Sc-03 6.08c-03 1.01e-02 3.81c-03 3.69e-03 3.81.03 
5.31 e-02 S.49c·02 1.2Sc-02 3;90e-02 6.48c-02 2.44e-02 2.37...02 2.44o-02 
1.24e-01 1.28c-01 2.92c-02 9.12c-02 I.Sie-01 S.69c-02 $.53o-02 S.69e-02 

.. 
3.82e-03 3.9Sc-03 9.01e-04 2.81e-03 4.66e-03 1.76c-Ol 1.70..031 1.76o-031 
2.43e-02 2.Sic-02 S.71e-03 1.78c-02 2.96e-02 1.11 e-021 1.08o-Ol t.11e-02 

4.67e-07 4.83c-07 I.IOc-07 3.43c-07 S.70e-07 2.1Sc-07 2.08.07 . 2.1So-07 
1.49e-06 t.S4c-06 J.Sic-07 I.IOe-06 1.82c-06 6.84o..07 .USo-07 6.84o-07 
1.16e-06 1.20e-06 2.74c.:07 S.SOc-07 1.42e-06 S.34e-07 S.l6e-07 5.34o-07. 
I.OJe-06 1.06e-06 2.42c!07 7.S3c-07 1.2Se-06 4.71c-07 4.57o-07 4.71...07 
6.59c-04 6.82e-04 I.SSc-04 4.84e-04 8.02c-04 3.02c-04 2.94e-04 .. 3.02e-04 

. . 

2.42e-03 2.SOe·03 S.69c.04 1.77c-03 t 9Sc-03l l.llc-03. j_.OSe-03 . 1.11...031 

.. 
, 
• 

Saltmanb Sbort• Westeru Wblte-
HarVest tailed· .. Meadow rooted 
MoUN Shrew Lark Mouse 

CBCF ........ l I (BCF •• A .. l CBCF."""'l ICBCF ... .n.' .. 

4.02e-02 3.37c.:Oi 3.07c-02 3.33c-O< 
3.70.02 3.10e-Ol' 2.83c-02 · 3.07e-02 
1.25e-02 1.04c.:Ot · 9.53c-03 l.Ole-02 
4.83e-03 4.04c-03 3.69c-03 4.00c-03 
S.63c-03· 4.7Jc..()j 4.30e-03 4.67c-03 
2.0Se-03 1.72e-03 I.S7c-03 1.70c-03 
4.83c-04 4.04c-04 3.69e-04 4.00c..Q.4 

3.22e-02 2.69e-02 2.46e-02 . 2.67c-02 

s."e-03 .7.41~-0j 6.76e-03 ·7.34e-03 
6.44e-02 S.39c-Oi 4.92c-02 S.34e-02 
3.o6e-o3 2.S6e-03 . 2.34e-03 

.. 
2.53e-03 

7.64e-03 6.40c-03 S.84e-03 6.34e-03 

2.70.02 2.26e-02 2.06e-02 2.23c-02 

2.S3e-02 2.12c-02 1.94e-02 2.IOC-02 
4.43c-04 3.70c-04 3.38c-04 3.67e-04 

l.S7e-02 1.31·c.02 1.20C-02 1.30C-02 

6.44e-04 S.39c..o.i 4.92c-04 · 5.34c..Q.4 

2.50.02 2.10e-02 l.12c..02 2.08c-02 
8.89e-03 7.44e.Oi 3.98c-03 7.37e-03 
2.96e-02 2.48cMI2 1.3Jc..02 2.46e-02 
2.9Se-02 2.47e-02 1.32c-02 2.44e-02 

.· ' 
l.02c-02 8.S6e-03 4.S9c-03 8.47c-03 

6:57o-02 s.49e.02 2.9Sc-02 . S.44e-02 

l.SJe-01 1.28e-01 ·6.86e-02 1.27e-OI 

4.72e-03 3.9Sc..Oj 2.12c-03 3:91e-03 
3.o0c-02l 2.Sie-021 l.34e-02 . '2.49c-Oi 

S.11e-01 4.83e:.07 2.S9c-07 '4.78e-07 
I.SSe-06 I.S4c-06 . 8.2Sc-07 J.S3c-06 
l.o43e-06 1.20e-06 6.44e.m J.l9c-06 
1.27c-06 1.06e-06 S.68e-07 •. · I.OSe-06 
8.1Sc-04 6.82c-04 3.6Sc-04 6.76e-04 

2.99e-03 2.50e-03 1.34c-03 .lli:Q! 
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· :~:.:,;Compound -
; ··-

-. ,,. . 
Df(nloetYI phthalate ~-. 

American 
Robin 

· lBCFB.L>.) 

1.88e+OI 
Vcltalneomatc com!Ritands · 
Acetone .. ;r S.28c-09 . . 
Acmonftrite· . - 4.02e-09 
Cllorofbnn· :- 7.82c-07 
CrotOMJdehyde ' . NA 
I 4oOionne :. -- 4.75c-09 
Fol'miJdehYde ... 1.94e-08 
VIIIYtthlorfde ; ;~· 1.23c-07 
Otbtt61orlnated ordltla · 
lfefttb1orobcnzenc ... 2.80e-03 
Henchlorobutadiene ..._ NA 
Hench~Jopentadlene 7.11c-04 
Pcntlchlorobentene -· 1.08e-03 
Pcnilehlorophenol ·- 1.06e-03 
Ptltlddes •'-

44-DDE -· I.S9c-02 
Heuiachlor ·- 9.10c-04 
HenchJQrOP}Iene - 3.06e..()J 
lnortanles -
Alumfnum - .. NA 

Antfmony """' NA 
Arsenfe .. ·-· NA 
Barium - NA 
18Crvmuin . -· NA 
Cldinlum . - 4.71e-02 
ChrOmlinn (hftavalent)- NA 
leooPer .. ...... NA. 

1TotaJ cYanide NA 
LacS NA 
I Mercuric chloride NA. 
Methyl~ NA 
:mctt1·· ~ NA 
Selenium s.02e~l 

Silver NA 
ThaUium NA. 

I Zinc: 3.119e-03 

Canvas 
Bac:.k 

(BCF n .... } 

8.44e+OO 

2.37e-09 
I.SOe-09 
l.SOe-07 
NA 

2.13e-09 
8.68c-09 
S.Slc-08 

1.26e-03 
NA 

3.19c-04 
4.84e..()4 
4.76e-04 

7.13e-03 
4.08c-04 
1.37e-01 

NA 
NA 
NA 
NA 
NA 

2.lle-02 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.25e-OI 
NA 
NA 

ll-k-03 

Bioconccntratlon Factors for Plants to Wildlife Measurement Receptors 

Measurement Receptor 

Deer Least Mallard Marsh Rice Marsh Mourning Northern· 
Mouse Shrew Duck Rat Wren Dove Muskrat Bobwhite 

(BCFn ... , ,} I (DCF,....,.,) (DCF.-•. n.) :(BCF.-•. n .. ) (BCF,.. ..... ) (DCF ....... ) I coer_ ... ~,) : CBCF...,.) 
3.22e+OI 3.33e+OI 7.S9e+OO 2.36e+OI 3.93e+OI 1.48e+OI 1.43e+01 1.48~1 

·' 

9.05e-09 9.36e-09 2.13e·09 6.6Se-09 t.IOe-08 4.1Se·09 4.03e-09 4.1Se-09 
2.68e-08 2.77e-08 1.62e-09 1.97e-08 8.39e-09 3.16e-09 1.19e-08 3.16e-09 
1.34e-06 1.39c-06 J.ISe-07 9.87e-07 1.63e-06 6.14e-07 S.98e-07 6.i4e-07 
NA NA NA NA NA NA NA NA. 

8.15e-09 8.43e-09 1.92e-09 S.99c-09 9.91e-09 3.74e·09 3.630-09 3.74e-09 . 
3 31e-08 3.43e-08 7.8lc-09 2.44c-08 4.04e-08 l.S2c-08 1.48e-OI r.s2e-OI 
2.11e-07 2.18e-07 4.98e-08 l.SSe-01 2.S8e-07 9.71c-08 9.40e-08 UJe-08 

4. 79e-03 4.9Se-03 l.lle-03 3.S2e-03 S.BSe-03 2.20e-03 2.130.03 2.206-03 
NA NA NA NA NA NA NA NA 
1.22e-03 1.26e-03 2.87e-04 8.94e-04 1.48e-03 S.S9e-04 5.42e-04 S.59e-04 
1.84e-OJ 1.90e-03 4.3Se-04 1.3Se-03 2.2Sc-03 8.48e-04 8.20e-04 8.48e-04 · 
t.Sie-03 1.87e-03 4.28e-04 l.JJe-03 2.2te-03 8.34e-04 8.07e-04 I.J~e-04 

2. 72e-02 2.81e-02 6.41e-03 2.00e-.02 3.32e-02 1.2Sc-02 1.21e-02 1.2$e-02 
1.56e-03 1.6le-03 3.67e-04 l.ISc-03 t;90c-03 7.16c-04 6.95e-04 7.16e-04 
5.22e-O I S.40e-Ol 1.23e-01 3.84e-01 6.37c-01 2.40c-01 2.33e-Ot 2".40e:Ot 

NA NA NA · NA NA NA NA. NA · 
5.99e-04 6.20e-04 NA 4.40e-04 NA NA 2.67e-04 NA·· 
1.20e-03 ·t.24e-03 NA S.Sle-04 NA NA . 5.34e-04 NA 
8.99e-05 9.30e-OS NA 6.6le-OS NA NA 4.0te-05 · NA 
5.99e-04 6.20c-04 NA 4.40e-04 NA NA 2.67e-04 NA 
7.19e-05 7.44e-OS 1.90e-02 S.28e-OS 9.82e-02 3.70e-02 . 3.21e-05 3.70e-02 
3.30e-03 3.41e-03 NA· 2.42c-03 NA NA 1.47e-03 NA . 

NA NA NA NA .NA NA NA NA .. 
NA NA NA NA l'-1,-\ NA NA NA'· 
1.80~-04 1.86e-04 NA I .32c-04 NA NA 8.02e-05 NA . 
NA NA NA NA . NA NA NA. NA· 

4.68e-04 4.84e-04 NA 3.44e-o4 NA NA 2.08e-04 NA 
3.60e-03 3.72e-03 NA 2.64c-03 NA NA 1.60e-03 NA' 

1.36e-03 1.41e-03 2.02e-Ol l.OOe-03 t.OSe+OO 3.95e-01 6.07e-04 '3.95e-01 
I.SOe-03 1.86e-03 NA 1.32e-03 NA NA 8.02e-04 NA . 

2.40e-02 2.48c-02 NA 1.7.6c-02 .NA NA . 1.07e-02 NA 
5J9e·O~ ~.~Se-05 J..51e-Ol 3.91\e-05 R.lle-03 J.OSe-03 . , .. n...n4 3.0Se-Ol 

·~i 
;;' 
" 

•VI 

S~ltmanh Short- :~ Western Wbltt-
Harvest tailed Mcadow foOted 
Mouse Shrew -; Lark Mouse 

(BCF .. ~.u.J ICBCF.-M •• ) (BCF.,.~ ilBCF ........ l 
I 

3.98e+OI 3.33e+Ol 1.78e+OI 3.30e+Ol 

1.12e-08 9.36e-09 S.Ole-09 9.27e-Ol 

J.Jle-08 2.77e-08 · 3.8le-09 2.7Se-O! 

t.66e-06 1.39c-06 7.41e-07 1.38c-Ot 

NA NA 
'I 

NA NA .. 
t.Oie-08 8.43c-09 4.SOe-09 s.Jsci~ 
4.10e-08 3.43c..08 · .1.84c-08 3.40e-O! 
2.61e-07 2.18e-07 1.17e-07 2.16c~1 

S.92e-03. 4.9Se-03 · 2.66c-03 4.9le-03 

NA NA NA · 'NA 

I.SOe-03 1.26C.03 6.74e-04 · l.lSc-03 

2.27e-03 1.90c-03 t.o2e-03 . 1.89c-03 

2.24e-OJ 1.87e-03 l.Oie-03 IJSe-03 
r· 

3.36e:.02 . ·2.81e-02 I.Sic-02 2.78e-02 

1.93e-d3 1.61c-03 s.63e-04 1.60e-03 
6.4Se-01 S.40e-01 2.90e-Ol SJSe-01 

~ : 

NA NA · ., NA NA 
7.41e-04 6.20e-04 NA 6.14e-04 
1.48e-03 1.24e-03 NA 1.23e-03 

l.llc-04 9.30e-OS NA 9.21e-OS 
7.41c-04 6.20c-04 NA 6.14c-04 

8.89ci-05 7.44c-O:S . 4.46c-02 7.37e-OS 
4.08e-03 3.4J.e-03 NA 3.38c-03 
NA NA NA 'NA . 

·NA · NA. . .. ·NA .. NA 

2.22e-04 1.86c-04 NA. 1.84c-04 

NA 'NA NA NA 

s.78e-04· U4c-04 · NA 4.79e-04 

4.4Se-03 3.72c-03 NA 3.68e-03 

1.68e-03 1.4lc-03 4.76e-01 1.39e-03 
2.22e-03 · 1.116e-03 NA 1.84e-03 
2.96e-02 2.48e-02 NA 2.46c-02 

l\.67e-OS s.sse;Os .3.68c-OJI . s..lli-O.SJ 

;~ 
f 
' 
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Notes: 

HB • Herbivorous bird 
HM • Herbivorous mammal 
NA • Not Available 
08 • Omnivorous bifd 
OM • Omnivorous mammal 
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Bioconcentratlon Factors for Plants to Wlldllfe Measurement.Receptors 
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.. - Amtrlnn Amtrlun 
.. - Kestrel Robin .. 

Compound- (BCF,.....,) (BCF,v...,.) 
Dioxins and Furans 
U7k'I'CDD - 9.12e-03 J.OOe-02 
1..2.l.7.1-PeCDD - 8.39e-03 9.22c-03 
tJJ.4.7.1-tfxCDD- 2.83e-03 3.11c·03 
1.2.3.6.7.1-HxCDD - 1.09.e-03 1.20e-03 
1..2.l,7,1.9·HxCDD - 1.28e-03 1.40e-03 
1..2.l..4.6.7.1-HoCOD.- · 4.6Se-o4 s:lle-04 
ocno - 1.09e-04 1.201)..()4 

IU.7.1-1CDF· - 7.301:-0J 11.02e-03 
1.iJ.7~DF - 2.01e-03 2.21e-03 

IUA.7.1-PeCDF ... 1.46e-02 1.60e-02 
1.2.3..4,7.1-HxCDF ·- 6.93e-04 7.62e-04 
1.2.3.6.7.1-HxCDF - 1.73e-03 1.90e-03 
IU.•4.6,7.8·HxCDF •• 6.11c.03 6.72e-03 
1.2.:3.7.1.9-HxCDF - 5.7.SC-03 6.32c-03 
1.2;3..4.6.7,;1-HoCDF - I.OOe-04 I.IOc-04 
1.2.3.4.7.1.9-HpCDF- 3.56e-03 3.91e-03 
OCDF· - 1.46e-04 1.60e-04 
Pofntadnr aromad~hY'drocarbons (PAHs) 
Bento(a)m'ene - 3.34e-03 3.67c-03 
Benm(a" .... -· 1.18e..Q3 I.JOc-03 

uoranthenr.r 3.95e-03 4.34e-03 
I Ben!OCtlOuoranthenr· 3.92e-03 4.31e-03 
1- - 1.36e-03 I . .SOe-03 
1- · "'""nthrac:ene:: · 8.74e-03 9.61e-03 
~~1.1.'" .... 2.04e..02 2.24c-02 
Po&dlorlaated blph'fbylt ( ~s). 
'Aroetor 1016 - 6.28e-04 6.9lc-04 
1ArocJor 1254 - 3.98e-03 4.38e-03 
Nltroaromades -·· 

I.,J.;Dinftrobenzenc .. 7.68c-08 8.4.Se-08 
2.4-Dinltrotoluene 

.. . 2.4Se..07 2.69e-07 
2.A>fnltrotoluenc ii· 1.91c-07 2.10e-07 
NltrobCn!ene 

... 
l.69e-07 I.SSe-07 

Ptntaehloronitrobenzene 1.08e-04 1.19e-04 
Plltflalate esten 
Bf!G-ethvJbexYI)""thalate · 3.97e-04 4.37e-04 
Dl(n)octyl phthl I I s.30c+OO S.82e+OO 

•·. 

Bloconcentratlon Factors. for Water to Wlldilfe Measurement Receptors 

Measurement Receptors 
Canvas Deer Least Lonc-talled Mallard Marsh· Minh Moamln& 
Back Mouse Shrew Weasel Duck Rice Rat Wren Mink Dove 

I (BCF .... ) (BCF.,..._,..,) I<BCF"'""'') <BCF"'·"") I <BCF.., .... \ ltBCF ........ l lmCF ....... l lmt"''l'. .\ 1fBCP.;,_.,. .. ) 

4.70e·03 8.19e-03 9.34c-03 6.88c-03 4.2Se-03 l.O)e-02 2.01..02 S.39e-03 7.99e-03 
4.32e-OJ 7.S4e-03 S.S9e-03 6.33e-03 3.91e-03 U4e-03 I.SSe-02 4.96e-03 7J.Se-03 
I .46e-03 2.S4e-03 2.89e-03 2.13e-03 1.32e-03 3.18e-03 6.23e.o3· 1.67..03 2.4Se-03 
5.63e-04 9.83e-04 1.12e-03 8.2Se-04 S.JOe-04 1.23e-03 2.41e-03 6.47e-o4 9.S8e-OS 
6.57e-04 I.I.Sc-03 1.31 e.:OJ 9.63e-04 5.9Se-04 1.44e-03 2.Sie.Qj 7.SSe.()4 l.llc-03 
2.39e-04 4.18e-04 4.76e-04 3.Ste..04 2.17e-04 5.23e-04 1.02e-03 . 2.7Se-o4 . 4.07e-04 
5.63c·05 9.83c.OS 1.12c-04 ·8.2Sc-05 S.lOe-OS 1.23e-04 2.41e.()4 6.47e.O.S 9.S8c.OS 
3.76c-03 6.5Se-03 7.47e-OJ S.SOc-03 3.40e-03 8.21e-03 1.61e-02 4.31e-03 6.39c-03 
I.Ole-03 J.BOe-03 2.0Sc-03 I.Sic-03 9.34c-04 2.26e-03 4.42e.:03 t.l9e:.03 t.76c-03 
7.51e-03 1.3lc-02 1.49c-02 I.IOc-02 6.80e-03 ·1.64e-02 3.21e-02 8.62e-03 1.28e-02 
3.57c-04 6.23c-04 7.10c-04 .S.23c-04 3.23e-04 7.80e-04 1.53c-03 4.10e.()4 6.07e-04 
8.92c-04 I.S6e-03 1.77c-03 I.Jic-03 8.07e-04 1.9.Se-03 3.82e-03 t.02e-03 t.Sle-03 
3.15e-03 .S.49c-03 6.26e-03 4.61e-03 .2.8Se-03 6.88e-03 1.35e-02 3.61..03 SJ5e-03 
2.96e·03 S.l6e-03 S.SSe-03 4.33c-03 2.68e-03 6.47e-03 1.27e-02 . 3.40e-03 5.03e-03 
5.16e-05 9.01e.OS 1.03c·04 1.S1e-OS 4.67e.05 I.IJe-04 2.2Je-04 5.93..05 8.78e-OS 
1.83c-03 l.20c-03 3.64e-03 2.68e-03 1.66e-03 4.00e-03 7.84e..Q3 .2.t0e-03 3.tle-03 
7.5le-05 I.Jic-04 1.49c-04 I.IOc-04 6.80e-05 1.64c-04 3.21e-04 U2e-05 .1.28'c-04 

1.72c-03 S.IOc-03 S.Sic-03 4.28c-03 · t.SSc-03 3.75e-03 7.3.Se..Q3 3J6e..Q3 2.92e-03 
6.08e-04 I.Sie..03 2.06c-03 t..s2e-03 5.50..04 1.33c-03 2.60...03 1.19e..Q3 t.03c..03 
2.03e-03 6.03c..Q3 6.88e-03 5.07e-03 1.84e..Q3 4·.44e-03 8.70e..Q3 _3.97e-03 3._46c-03 
2.02e-03 6.00e-03 6.84e-03 S.04e-03 · 1.83e-03 4.4lc-03 8.64e..Q3 · 3.95e-03 3.43c.o3 
7.0lc-04 2.08c.03 2.37e-03 1.7Se-03 6.34e-04 I.Sle-03 3.00e..Q3 1.37e..Ql 1.19e-03 
4.S0c-03 1.34c..Q2 J.S2c-02 · 1.12c-02 4.07e..Q3 9.84e-03 U3e.02 8.79e..Q3 7.66e-03 
I.OSe-02 ll2e..02 3.56c-02 2.62e-02 9.48c..Q3 2.29c.02 4.49..02 2.05..02 178e..Q2 

3.24e-04 9.61c-04 t.IOe-03 8.07e-04 2.93e..Q41 7.07e-04 t.38e..031 6.32e-o4 5.30e-04 
2.0Se-03 6.11c-03 6.96c-03 5.13c·03 I. 86c.031 4.48e-03 8.78e..031 4.02..031 3.49e-03 

3.96c-08 I.ISe-07 1.34e-07 9.87c-08 3.58e-08 8.6.Se-08 1.69e-07 7.73e.OI 6.73e-08 
1.26e-07 3.76e..Q7 4.28c-07 3.1Sc-07 1.14c..07 2.76c..Q7 5.39e..Q7 2.47e-07 2:14c-07 
9.84c-08 2.9le-07 3.32e-07 . 2.44e-07 8.90c..Q8 2.1Sc-07 Ule..Q7 · 1.92e..Q7 1.67c-07 
8.68c-08 2.58..07 2.94c-07 2;17e..Q7 7.86e..Q8 1.90c..07 3.72e..Q7 •J,70e-07 1.48c-07 
5.57c-05 1.66e-04 1.89c-04 1:39c-04 .S.04c..Q5 1.22c-04 2.38e-04 1.09e.()4 9.47c.OS 

2.05e-04 6.08c-04 6.93e-04 S.lle-04 I.SSe-04 4.47e-04 8.7Se-04l 4.00e-o4l 3.48e-04 · 
2.73c+OO B.IOe+OO 9.23e+OO 6.80e+OO VI ?I 5.96e+OO 1.17e+011 5.33e+OOI 4.64c+OO 
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Vofitllt ornnlc compounds 
AC:CmiYe · :; · · -
A~tonttrfte -
otorolbnii ' 
crotoriatd~bYde ·-· 
y;prc;xane .. -
ForMitdelmte .!it 
Vl~l thlorfde -:;r 
Olll'ft''thlorlnattd orOllltl 
Hebchlorobenzene -
Heuehlorobullldiene :- · · 
Henehtorocvclopentodiene 
Pentlehlorobenzene ..... 
Penllchloropbenol ··. 
Pntlddes· -
44-DDE -
Hept~ehlor -
Hmchlo~bene -
laorranlcs -
Aluminum · -
Antimony -
Arienlc -
Barium -~ 

~nlum -· 
Cadniiinn 
Chiomfum (hcxav•lentl-
I coPPer -
Toiit~nfcle -
La(f' .. -
Meicvrfc chloride -· 
MefhYimercurv -
Nic~tet. -
Selenium 
sn~ -· 
IThlnlum 
[Zinc 

1.49e.09 J.63e.09 
1.13e.09 1.24e.09 
2.20e.07 2.42e-07 

NA NA 
J.34e.09 1.47e-09 
5.45e.09 S.99e.09 

3.47e.08 3.82e.08 

7.88e-04 8.67e-04 
NA NA 

2.00e-04 2.20e-04 
3.04e.04 3.34e.04 

. 2.99e-04 3.28e-04 

4.47e.OJ 4.92e-OJ 
2.S6e-04 2.82c.04 
8.S9e.02 9.4Se.02 

NA NA 
NA NA 
NA NA 
NA NA 
NA. NA 

1.32e.02 · 1.46c-02 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

1.4le.Ol l.S.Sc-01 
NA NA 
NA NA 

J.09e.()3 t.20e-03 

Bioconcentratlon Factors for Water to Wildlife Measurement Recepto.rs 

7.65e-10 2.28e.09 2.60e.09 1.9le.09 6.92e·IO 1.67e.09 3.28e.()9 1.50e.()9 . l.JO!I-09 
5.83e-l 0 6.74e.09 7.69e.09 5.66e-09 5.27e·IO l.27e.09 2:49e.()9 4.44e-09 9.9le·l~ 

1.13e-07 3.38e-07 3.8Se-07 2.84e-07 l.Q2e-07 2.47e-07 4.84e-07 ·2.22..07 l.93e.Oi 
NA NA NA NA NA .NA NA NA NA 

6.88e-10 2.0Se.09 2.34e.09 t.ne-09 6.23e·IO UOe-09 2.95e.()9 1.35..09 i.t7e.OS 
2.80e-09 8.34e.09 9.Ste.09 7.01e·09 2.S4e.09 6.13e.09 1.20e.()8 $.49..09 4.77e.OS 
1.79e-08 S.Jte-08 6.0Se-08 4.46e-08 . 1.62e.08 3.91e.()8 7.65e.08 3.49e.()8 3.04e.OB 

4.06e-04 1.21e.03 1.37e.03 I.Ole-03 3.67e-04 8.87e.04 l.74e.()3 7.93e-04 6.90e.04 
NA NA NA NA .. NA NA NA • NA NA 

1.03e-04 3.06e-04 3.49e-04 2.S7e-04 '9.31e.05 2.25e-04 4.40o-04 2.02e-04 .t:?Se-04 
l.S6e-04 4.63e-04 S.28e-04 3.89c.04 1.41e-04 .J.42e.04 6.69e-04 3.05e-04 2.66e..o4 
1.54e-04 4.56e-04 S.l9e.Q4 3.83e.04 1.39e-04 3.36e.04 6.58e-04 300e-04 2.6le-04 

2.30e-03 6.83c.OJ 7.79e-03 5.74e.03 2.08c.03 5.03c.Ol · 9.85c.03 4.50o.03 3.92e.03 
1.32e-04 3.92e-04 4.47c-04 3.29c.04 1.19e-04 · 2.88e.04 S.64e-04 '2.5Be-04 2;2'4e.04 
4.42e-02 1.31 e.() I l.SOe-01 I.IOe-01 4.00e.02 9.67e.02 1.89e.Ol 8.65e.()2 7.53e.02 

NA NA NA NA NA NA NA NA NA 
NA l.Sle-04 1.72c-04 J.27e.04 . NA NA lilA 9.93..05 ··NA 
NA 3.02e.04 3.44e-04 2.S3c.04 NA NA NA 1.99e-04 NA 
NA 2.26e.OS 2.S8e.OS 1.90c.OS NA NA · NA 1.49e.05 · NA 
NA l.Sle-04 1.72e-04 1.27e-04 NA NA NA 9.93e.()5 .. N'A 

6.82e-03 I.Sie.OS 2.06c.QS l.S2e·OS 6.17c.03 1.49c-02 2.92e.02 .J.l9e.05 l.l6e.02 
NA 8.30c.04 9.46e.04 6.97c·04 .NA NA NA $.46e:-o.4 ··NA 

NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA ·: NA 
NA 4.S3c.()S S.t.6c·OS 3.80c-OS NA NA NA 2.98e.O.S NA 
NA NA NA NA NA NA NA NA ' NA 

NA I.ISe-04 1.34c.04 9.88c.()S · NA NA NA . 7.74C-05 NA 
NA 9.0Se-04 1.03e-03 7.60e.04 NA NA NA $.96..04 ·. NA 

7.27e-02 3.42c.04 3.90c-04 2.88c.04 '6.58c.02 U9e.OI 3.lle.Ol 2.2.Se-04 1.24c.Ol 
NA 4.53e-04 5.16c.04 3.80c-04 NA NA NA 2.98e-04 NA 
NA 6.03c.03 6.88c.03 S.O?c-03 NA NA NA ·3.97e.03 . ··NA 

5.63e-04 1.36e.05 I.SSc-05 1.14e.OS 5.09c-04 · · 1.23e.03 2.4te.()3 8.93e.06 .9.57..04 
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Northern 
Mutknt Bobwhite 

Compound . (BCF.,,. .. ) lBCF ... J\.l 
Dlollataad Funns 
12.3.7.1-TCDD .. .S.3.3c:-Ol f99e-03 
UJ,7,1-PeCDD ·- 4.90e-Ol 7.3.Se-03 
1.2.3.4.7 .1-HxCDD t.6.Sc-03 2.48c-03 

1.2.3.6.7J.HxCDD - 6.40.-0.5 9.58c-04 

1.2.3,7.1.9-HxCDD -· · 7.461:-04 1.12e-03 
1.2.3.4.6.7.1-HDCDD- 2.72e-04 4.07e-04 
OCDD -· 6.40.-0.5 9.S8e-05 
2.3.7.1-TCDF - 4.26e-03 6.39e-03 
l.U.7.1-PcCDF ·- l.l?e-03 I .76e-03 
2.3.4.7.1-PeCDF "" I..S3e-03 t.28e-02 

1.2.3.4.7.1-HxCDF ·- 4.0.Sc-04 6.07e-04 

1.2.3.6.7J.HxCDF .. I.Ote-03 t.S2e-03 
2.3:4.6.7 ~HxCDF .. 3 • .57e-03 S.JSe-03 
1.2;3,7.1.9-HxCDF -· . 3.36e-03 S.03e-03 
1JJ.4.6.7,8-HpCOF • .S.86e-OS 8.78c-05 
1.2.3.4.7.1.9-HJ)CDF · · 2.08e-03 3.11 e-03 
OCDF. ' 

... . a . .S3e-O.S 1.28e-04 
Petm•ctnr aromatle'hYdroCII.rbont (PAHs) 

1 ~a)Jmene ~ 3.32e-03 2.92c-03 
Benzc(a)lnthrleene - I.ISe-03 1.03e-03 

nthene- 3.9.3c-03 ).46c-03 
1 BenzoCtlt1uoranthene;.1; 3.91c-03 3.43c-03 
I,..,___,. .. 1.35e-03 I. I 9c-03 
0.,_• "'-nthr~cene· · 1.70e-03 7.66e-03 
~·J~-ed)pmft{ 2.03e-02 1.78e-02 
l'elftli1orlaaiecl blnliebll ( as) 
ArOelor 1016 - 6.2.Se-04 . S.SOe-04 

Aroclor 12.54 ··- 3.98..03 3.49c-03 
Nliroaromldcs 
l~nltrobenzcne .'tJ!· 7.6Sc-08 6.7Je-08 
~ltrOtolucne 2.44c-07 2.14c-07 
2,~Diiiltrotoluene -- 1.89e-07 1.67e-07 
Nitrobenzene t.68e-07 I .48e-07 
Pentachloronitrobcnzcne I.OBc-04 9.47e-05 
IPhth1late esttn · 
jBI!G-ethvlhcx~ •. _ 'Mtate I 3.96c-04 3.48e-04 

Bioconcentratlon Factors for Water to Wildlife Measurement Receptors 

Measurement Recepton 
Salt-manh Westera 

Northern Red-ta\led Harvest Short-:talled Spotted Meadow White-COoled 
Harrier RedFox Hawk Mouse Shrew Sandpiper Swl(tPos J.ark· MouN 

(BCF,.,.nJ 1BCF,......J {DCF,..,,. .. ) (DCFw.nu) (BCF,.."'.,) (BCF ... ~.) CBCII'w...u) ICBCII'w.-a (BCFw.-J 

4.3 7c·03 4.69e-03 4.37e-03 8.60c-Ol B.IBe-03 t.27c-02 .5.07..03 9 • .53e-03 8.24e-03 
4.02c-0) 4.31e-03 4.02c-03 7.91c-03 7 • .53e-03 t.l7e-02 4.66e.o3 1.77..03 7 . .58e-03 
1.35c·03 t.4.Sc-03 I.J.Sc-03 2.67c-03 2.54e-03 3.93c-03 1..57..03 2.9.Se-03 2.55e-03 
5.24e-04 S.62c-04 S.24e-04 I.Olc-03 9.82e-04 l . .S2e-03 6.01e-04 1.14..03 9.891-04 . 
6.12c-04 6.56e-04 6.12c-04 1.20e-03 t.l.Se-03 1.78c-03 7J0o-04 1.33o-03 t.t.se-03 
2.23c-04 2.39c-04 2.23c-04 4.39c-04 4.17e-04 6.47e-04 2 • .59e-04 4.168-04 4.20e-04 
.S.24e-OS .S.62e-O.S S.24e-OS t.Olc-04 9.82e-OS l.S2c-04 6.01o-O.S t.l4e-04 9.89e-O.S 
3.50c-03 3.7Sc-03 3.50e-03 6.88c-03 6 . .S.Se-03 t.Oic-02· 4.06e-03 7.62o-03 6 . .59e-03 
9.61c-04 1.03e-03 9.6te-04 1.89e-03 t.BOe-03 2.79e-Ol 1.12..03 2.10e-03 l.lte-03 
6.99e·03 7 • .50.-03 6.99e-03 1.38e-02 t'.3te-02 2.03e-02 l.tle-03 I..S2e-02 t.32e-02 
3.32c-04 3.56e-04 3.32c-04 6 . .54e-04 6.22e-04 9.64e-04 3.t.se-04 _1,24e-04 6.261-04 
8.30e-04 8.9le-04 8.30c-04 1.63e-03 l'.S.Sc-03 2.4lc-03 9.63e-04 Ulo-03 1 • .57..03 
2.93e-03 3.14e-03 2.93c-03 .S.76e-03 .S.48e-03 S.SOc-03 Uoi-03 6.39e-03 .S . .S2e-03 
2.7Se-03 2.9.Se-03 2.7Sc-03 S.42c-03 .S.t.Se-03 7.99c.03' 3.19e-03 .6.oae:.Gl .S.I9e-03 
4.81e-OS S.16e-OS 4.8le-OS 9.46e-OS 9.00e-OS 1.40e-04· .S • .Sie-0.5 l.O.Se-04 9.06e-O.S 
1.70e-03 1.83c-03 O.OOe+OO O.OOc+OO 3.19e-03 4.9.Se-03 1.98o-03 3.72..03 3.21e-0) 
6.99e·OS 7.50c-OS 6.99c-OS t.38c-04 t.31e-04 2.03e-04 l.lto-0.5 t..Sle-04 i.32e-04 

1.60e-03 2.92e-03 . t.60e..()3 S.JSc-03 .S.09e-03 4.64e..()) 3.16o-03 3.49..03 S.13e-03 
S.66e-04 1.04e-OJ S.66e-04 t.90e-03 l.Sle-03 1.64e-03 t.l2e-03 1.24e-03 l.82e-03 
1.89e-03 3.4.Se-03 t.s9'c-03 6.34c-03 6.03e-03 .S.49e-03 3.73.03 4.13...03 6.07c-03 
1.88e-OJ 3.44c-03 1.88e-03 6.30e-03 6.00e-03 S.46c-03 -~-12..03 4.10e-03 6.04e-03 
6.53e-04 t.t9e-03 6.S3c-04 2.19c-03 2.08e-03 1.89e-03 1.29e-03 1.42e-03 2.09e-03 
4.19e-03 7.6Sc-03 4.19c-03 1.40c-02 t.33e-02 1.22e-02 8.27o-03 9.14.03 t.34e-02 
9.76e-03 t.79c-02 9.76e-03 3.28e-02 3.12e-02 2.83e-02 1.93e-02 2.13o-02 3.141-02 

.. 
J.Oie-04 ·S • .SOe-04 3.0le-04 t.Otc-03 9.60.-04 8.74e-04 .S.9.5e-04 6.57e-04 9.66e-04 
1.91e-03 3.50.-03 1.9le-03 6.4te-03 6.101.03 .S . .S4e-03 3.78o-03 4.16e-03 6.14e-03 . 
3.68e-08 6.72c-08 J.68c-08 1.23e-07 t.l7c-07 l.07c-07 7.27o-08 8.03e-OI LIBe-07 
1.17e-07 l.lSc-07 t.l7e-07 3.94c-07 3/T.Se-07 3.41e-07 2.32e-0'7 .2:5611-07 3.78e-07 
9.16e-08 1.67e-07 9.16c-08 3.06e-07 2.9le-07 2.66c-07 1.10o-07 2.00e-07 2.93e-07 
8.08e-08 1.48e-07 S.OBe-08 2.71c-07 2.S8e-07 2.3.Se-07 1.60e-07 176o-07· 2.S9e-07 
5.18e-OS 9.49c-OS S.18c-OS l.74e-04 1.66e-04 I.SOc-04 I.Ole-04 . l.lle-04 t.67e-04 

.. 
1.90e-04 3.48c-04 1.90e-041 6.38c-04 ·o7e-04 S.S2c-04l 3.76o-04 4.15e-041 6.11e-04 
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· ·····~" - Bloconcentratlon Factors for Water to Wildlife Measurement Receptors 
. ·· .. ~· .... 

Dlfn~l ohthalate S.27e+OO 4.64e+OO 2.54e+OO 4.64e+OO 2.S4e+OO · 8.Sle+OO 8.09e+OO · 7.37e+OOI S.OIO'tOO S.54e+OO 
V'ollttfi'ortinle comPiUnds ' .. 
Aectone <·· 1.48e-09 1.30e-09 7.12e-IO I.JOe-09 7.12e-10 2.39e-09 2.28e-09 2.07e-09- 1.4le-09 J.55e.o9 
AciYIOilhrile 4.39e-09 9.91e·IO 5.42e-10 3.86e-09 S.42e-10 7.08e-09. 6.73e-09 l.S7c-09 4.17o-09 l.lBc-09 · 
C1i1<ir0f'orm . - 2.20c-07 1.93c-07 I.Ok07 1.93e-07 J.O.Se-07 J.SSc-07 3.38c-07 3.06c-07 . 2.09e-07 2.30e-07 
erotOiiildehYdc ..• ;j, NA NA NA NA NA NA NA NA NA NA 
1 ..4-DfoXIne ;"i( 1.33e-09 . l.IJc-09 6.41 e-1 0 '1.17c-09 6.4Je-10 2.1 Sc-09 2.0Sc-09 t.86e-09 1.27e-09 1.40c-09 
Fdnhlldehydc c-· S.43e-09 4.77c-09 2.61e-09 4.77e-09 2.6Jc-09 8.76c-09 8.33e-09 7.S8c-09 S.16o-09 5.69e-09 
!VJny~ clltorfdc - 3.4Se-08 3.04c-08 1.66e-08 3.04c-08 1.66e-08 S.SBc-08 S.30c-08 4.83c-08 3.29eo08 3.63c-08 
Ollletdllorfnated ordftlcs 
Henclllorobenz.:ne -· 7.84c-04 6.90~-04 3. 78e-04 6.90c-04 3.78c-04 1.27e-03 lo20c-03 I.IOc-03 7.4~ 8.24e.o4 
Heuchtorobutadicne - NA NA NA NA NA NA NA. NA NA NA 
Hench~topentadfeno 1.99e-04 1.7.Sc-04 9.58e-05 1.7Se-04 9.S8c-OS 3.22c-04 3.06e-04 2.78c-04 J,9Qo.04 2.09e.o4 
Penttelllorobcnzenc ·ra J.Oic-04 2.66e-04 1.45e-04 2.6Se-04 · 1.4Sc-04 06c-04 4.63c-04 4.22c-04 . 2.87e-04 3.17e.o4 
Pentae1110f01lhenol - 2.96e-04 2.61e-04 I 43e-04 2.61e-04 1.43e-04 4;78e-04 4.SSe-04 4.l.Se-04 2.82e-04 3.12e-04 
Pntlddn. ·-· 

44-DDB ·- 4.4Se-03 3.92c-03 2.14e-03 3.9Je-03 2.14c-03 7.18e-03 6.83c-03 6.22c-03 4.23o-03 4.67e-03. 
Hept~ehlor .. 2 . .S.Se-04 2.24e-04 1.23e-04 2.24c-04 1.23e-04 4.12'c-04 3.92e-04 3.S6c-04 2.43e-04 2.68c-04 · 
Heuchtoroohene . - S . .SSe-02 7.S3c-02 4.12e-02 7.S2c-02 4.12e-02 1.38c-01 J.31e-01 1.20c-OI B.lle-02 8.98e-02 
laomntcs -. 
Aluminum - NA NA NA NA NA NA NA NA NA NA 
Antimony -· 9.82e-OS NA NA 8.63e-OS NA . I.SSc-04 J.Sie-04 NA 9.33o-O.S NA 
Arsenic ·- 1.96e-04 NA NA t.73e-04 NA 3.17c-04 J.Oic-04 NA t.B'Ie-04 NA. 
Barivin- ·-· 1.47e-OS NA NA 1.29c-OS N.A, 2.38c-OS 2.26e-OS NA 1.40o-O.S NA. 
Beryflium -· 9.82e-OS NA NA 8.63e-OS NA J.SSc-04 t.Sic-04 NA 9.33o-O.S NA 
Cadmium - · I.IBe-05 1.16e-02 6.3Se-03 1.04e-OS 6.3Se-03 . 1.90e-OS 1.81c-O.S 1.84e-02 1.12e-O.S 1.38e-02 
ChrOmium (hexaVIllent)... .. .S.40c-04 NA NA 4.7Sc-04 NA 8.71c-04 8.29e-04 ·NA .S.Ilo-04 · NA 
C~_ -- NA NA NA NA NA · NA NA NA NA NA 
Totll Cyanide - NA NA NA NA NA NA NA NA · NA NA 
Lad. - 2.94e-OS NA NA 2.S9e-OS NA 4.1Sc-OS 4.52e-05 NA 2.80o-05 . NA· 

Mcmmc chloride -- NA NA NA NA NA NA NA -NA NA NA 
McthYiinercurv . 7.66c.OS NA NA 6.73c-OS NA 1.24e-04 J.18e-04 NA 7.288-05 NA 
Nickel ..... 5.89e-04 NA NA S.l8e-04 NA 9.S0c-04 9.04e-04 NA S.60c-04 NA .. 

Selenium 2.23e-04 1.24c-OI 6.76e-02 1.96e-04 6.76e-02 3.60c-04 3.42e-04 1.96c-Ol 2.12e-04 · 1.48e-Ol 

SilVCT 2.94e-04 NA NA 2.59e-04 NA 4.7Sc-04 4.52C:04 NA 2.80e-04 NA 
Thallium 3.93c-03 NA NA 3.4Se-03 NA 6.34c-03 6.03c-03 NA .. 3.730.03 . 'NA 

Zinc 8.B3e-06 9.S7e-04 5.24e-04 7.77e-06 .S.24c-04 1.43e-OS t.36e-OS l.S2e-03 8.40c-06 '1.14e-03 
.• 

8.15e+OO 

2.29e-09 
6.78e-09 
3.40e-07 

"!A 
2.06e-09 
8.39e-09 
S.34e-08 

1.21e-03 
NA 
3.08e-04 
4.66e-04 
4.S8e-04 

6.87e-03 
3.94e-04 
1.32e-Ot 

NA 
I.S2e-04 
3.03e-04 
2.286-05 
I.S2c-04 
1.82e:OS 
8.34c-04 
NA 
NA 
4 . .SSe-05 
NA 
1.18c:.O.. 
9.10c-04 
3.44c-04 
4 . .SSc-04 
6.07e-03 
1.37c-OS 
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- American Amerle~n 
... Kestrel Robin .. 

Compound JBCF..,..) (DCF .. n.) 

Dlo'lluand Furans 

2.3.7.a-TCOo tOle-04 1.04c-m 
1'.2.3,7 8-PeCDD 9.34c-OS 9.S7e-04 

1.2.3.4 7.a-ibcoo l.lSe-05 3.23c-04 

1.2J.U.a-HxCDD 1.22e-OS lo2Se-04 
1.1-J:J ,8,9-HxCDD 1.42c-OS 1.46e-04 
1.2J.4 61.1-II.,CDD 5.18c:-06 5.31c-05 
OCOD 1.22c-06 1.2Sc-05 
2.3.78-TCDF 8.12c-0.5 8.32c-04 
I.:U.7 8-PeCDF 2.2Je-05 2.29c-04 

[2,3,4,7 ,S.PeCDF 1.62c-04 1.66e-03 
t.D.4 7 8-HxCDF 7.71c:-06 7o9lc-05 
1.2'.3.6.7 .S·HxCDF 1.93e-OS 1.98c-04 
2.3.4.6.. 7.8-HxCDF 6.80e-OS 6o97c-04 
1.2.3.7 8 9-HxCDF .... 6o39c-OS 6oS6c-04 

1.U.4.6.7.1·HI!CDF. 1.12e-06 1.14c-05 
1.2.3.4.7.1.9-HDCDF .. 3.96e-OS 4.06e-04 

locoF: 1.62e..()6 1.66c-OS 
Polyn'idear aromatlc.hydi'OC*rbons (PAHs) · 

IBCnzocalDYrene -· 3.71c-0.5 3.81c-04 
[Benzo(a)anlhraccne - 0 l.32e-OS I.JSc-04 
I eCftzotb)Ouoranthcne,. . 4.39c-OS 4o50e-04 
ltsCIIZO{X: Ouoranthene.;_ 4.36e-OS 4o48c-04 

·• 1.52e-OS 1.5Sc-04 . . . -
.. - 0 "'"'Rihfl~. 9.73e-OS 9o98c-04 
. rndencitt.2.3-cdlo~: • 2.27e-04 2.32c-03 

I'Dinllortnated blphfnyta (1 Qs) 
An~elcir 1016 .-. 6.99c-06 7.17e..{)5 
Arilctor 1254 - 4.43c-0.5 4oS5e-04 
Nltroaromadts -
IJ.Dfnltrobenzenc - S.SSe-10 

0 

8.77c-09 
2.4-Diftltrotoluenc - 0. 2.72c-09 2o79c-08 

2.6-DinltrotoiUcnc -' 2.13c-09 2.18c-08 

NitrObenzene ~ l.88e-09 1.92c-08 
Pentacbloronitroben%ene 1.20e-06 1.23c-05 
Phthalate esten 
81"'"' ~ ........ xyl)phtbalate 4.42e-06 4oS3c-OS 
Dlfnloetvl ,hths ) J· 5.89c-021 6o04c-O I I 

Bioconcentratlon Factors for SoiUSedlment to W{ldllfe Meas~rement Recepton 

Meuuren1ent Recepton 
Canvas Deer . Least Lon&·lalled Mallard ManbRice Manh MoumiDI 
Back Mouse Shrew Weasel Duck Rat Wrtll Mink' Dove 

(BCF._ ,.) (BCF.._.,.,) (BCFU'I.,) (BCFU'I.,) (BCFIU>.) (BCFu. .. ) '(BCFu..) · CBCFRJ'U) '(BCF......) 

1.33e-04 7.81e-05 7.41e-04 1.62e-04 2.32e-04 I.?Oe-04 1.43.03 l.OSe-04 S.lle-04 
1.22e-0-l 7.19e-OS 6.81e-04 1.49c·04 2.14e-04 1.56c-04 1.31.03 ·9.66e-OS 4.71e-04 
4.11e·OS 2.42e-OS 2.30e-04 So02e-OS 7.20e-OS S.26e-OS. 4.42e-04 . 3.25.05 I.S9e-04 
lo59e-OS 9.J7e-06 8.89e-OS 1.94e·OS 2.79e-OS 2.04e-05 1.71e-04 t.26e.OS 6.14e-06 
lo86e·05 1.09e-05 1.04e-04 2.27c-OS 3.2Se.Os 2.38c-OS 2.00e-04 IA7e-05 7.17e-OS 
6.77c-06 3.98c-06 3.78c-OS 8.26c-06 1.19e-Os 8o66e-06 · U8~s S.35c..()6 2.6Jc-0.5 
lo59e·06 9.37c-07 8.89c-06 1.94c-06 2.79e-06 2.04c-06 1.71.05. 1.26c..()6 6.14e-06 
1.06e-04 6.2Sc-05 5.93e-04 I.JOc-04 1.86c-04 1.36e-04 1.14.03 8.40.05 4.09e-04 
2.92e-05 1.72e-05 1.63c-04 3.56c-05 S.llc-OS 3.74c-OS 3.14.04 2.31..05 1.13e.04 
2.12e-04 . 1.2Sc-04 1.19c-03 2.S9c-04 3.72c-04 2.72c-04 

0 

2.28.03 1.68c-04 8.19c-04 
I.Oic·OS .5.94c-06 .5o63c-0.5 1.23c-OS l.77e-0.5 1.29c-0.5 l~08e-04 7.98e-06 0 3.89e-05 
i.S2e-OS 1.48e-OS 1.41c-04 3o08c-OS 4.42e-OS 3.23c-OS 2.71e-04 . t.99e-OS. 9.72e-0.5 
8.89e-OS .5o23c-os 4.96e-04 1.09c-04 t.S6e-04 l.l4c-04 · 9.560-04 7.03e-05 3o43c-04 
8.36e-OS 4.92c-05 4o67c-04 l.02c-04 1.46e-04 1.07c-04 8.99e-04 6.6Je.05 );22c-04 
1.46e-06 8oS9c-07 SoiSc-06 1.78c-06 2.56e-06 1.87c-06 1.57.05 l.tse-o6 So63e-06 
Sol7e-OS 3.0.5c-OS 2.89c-04 6o32c-OS 9.06e-05 6.62e-05 0 5.57e-04 4.09e-05 2.()()e.;()4 

2.12e-06 1.2Sc-06 l.l9c-OS 2oS9c-06 3.72e-06 2o72c-06 i28e-05 l.68e-06 8.1~ 

4.85e-OS 4.86e-OS 4.61c-Oll I.Oie-04 8.SOe-05 6o2lc-OS 5.22e-04 6.53e-05 1.87c-04 
1.72e-OS 1.73e-OS 1.64e-04 3oS8e-OS 3.01e-05 2o20c-OS l.85e-04 2.320.05 6.63e-OS 
5.74e-05 .5.7Se-05 S.46e-04 1.19c-04 I.Ole-04 7.3Se-OS U8e-04 7.73e.OS 2.22e-04 
So7l e-05 .5.73c-OS .5.43e-04 1.19c·04 l.OOe-04 7.30c-OS . 6.14e-04 7.69e-'OS . 2o20e-04 
lo98c..OS 1.99c-OS 1.88e-04 4ol2c-OS l•47e-05 2.S4c-OS 0 2.t3e-04 2.67e-05 7.64.0.5 
1.27e-04 1.27e-04 1.21e-03 2o64c-04 · 2.23e-04 t.63c-04 t.J7e-03 Ule-04 4.9tc-04 
2o96c-04 2.98c-04 2.82c-03 0 6ol8e-04 5.19e-04 3.79c-04 3.lte-:G3 4.00e-Q4 lol4e-03 

9ol4e-06 9.16e-06 8o69c-OS lo90c-05 t.60e-05I 1.17e-05 . 9.83.051 1.23.05 3.S3e-OS 
S.80e-OS 5.83c-OS 5 . .52c-041 1.2lc-04 I.O:Zc-041 7.42c.osl 6.24e.04I 7.83e-05l 2.24c-04 

lol2e-09 l.lle-09 I.06e-08 2o32c-09 1:96e-09 1.43c-09 1.206-08 1-'l~ 4.31e-09 
3o56e-09 3 • .58c-09 3.40e-08 7.43c-09 6.24c-09 4.56e-09 3.830.08 4.8te-09 1.37.08 
2o78e·09 2.78c-09 2.63c-08 S.76c-09 4.87e-09 3.56c-09 2.990.08 3.73e-09 1.07e-08 
2o45e-09 2.46e-09 2.33e-08 S.IOc-09 4.30c-09 J;l4e-09 2.640.08 3.31e-09 9o47o-09 
lo57e-06 1.58c:06 I.SOc-05 3o28c-06 

0 

2.76e-06 loOle-06 l.69e-05 2.13e..()6 6o07e-o6 

S.78e-06 5.80c-06 SoSOc-05 1.20e-05 . · 1.0 I e-05 7 .40c-061 · · 6.22e-OS 7.79e-06 2o23c-OS 
7o7le-021 7.72c-021 7.32~-9li __ L6o~-OIL ~e-O II 9o86c-O~L_t.22o-Otl0 

• .1.04e.Otl 2o97e-01 



~ 
I 

"' 

;•.;' 
.t.. 

I' .• ''t'l 

i_ :~,~-··, 

w. 

VolatR•ornnlt tompoands 
AcctoM· • ...... 
Ati'Yfonltnle- -· 
Chlorot'orm ·• · -
Crotonalde}Mte -
1.4-Dioxane: ·-
FormlidchYde ~ 
vinYl chiortde 

, ... -Otllerdllorfnattd ornnlcs 
Halchlorobenzcnc -
Jlnoehlorobut~di~o'Jle - . 
HexoehloroevclopenUidlcne 
PCriioehiOC'obenzenc -
PentKhloroohenol ... 
Pcttlddes .. 
44-DDE 

.. 
He~~'llehlor .. .. 
Heucbtoroohene . 
rn~antes . .. 
Aluinlnum ... 
Antfmonv 
Arsenic 
Bufum 
BerYtilum 
Cadtnlum 
0\r&rnrum lliOavalent) 
'Coo!ief' 
Tolll cYanide 
tact': 
M~C: chlOride 
M~tincmiry 
Nicbt' !· 

Selci'llum 
silrir 
Thlnlum 
Zinc: 

1.65e-ll 1.70e·IO 
1.26e-Jt 1.29e-JO 
2.4.5e-09 2 . .5Je-08 
NA NA 
1.49e·ll 1.53c·IO 
6.06e·ll 6.2te-10 
3.86e-10 3.96e-09 

8.77c-06 8.99e-05 
NA NA 

2.22e.06 2.28e-05 
· 3.38e-06 3.46c-OS 
. 3.32e-06 3.4Je-05 

4.98e-05 S.IOe-04 
2.8.5e-06 2.92e-OS 
9.56e-04 9.8te-03 

. NA NA 
NA NA 
NA NA 

· NA NA 
NA' NA 
1.47e-04 I.Sle-03 
NA NA . 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
l.S7e-03 1.61e-02 
NA NA 
NA NA 
1.22c-05 1.2Sc-04 

Bloconcentratlon Factors Cor Soli/Sediment to Wildlife Mea$urement Receptors 

~ . . ' 
2.16e·ll 2.17e·ll .2.06e·IO 4.Sle·ll 3.79e·l I 2.77e·ll 2.33o-'to 2.92e·ll 8;34e·ll 
1.65e-11 6.43c-11 6.10e-10 t.33e-10 2.88e-11 2.1te-tt . 1.77e.t0 8.64'e-tt 6.35e-ll 
3.20e-09 3.22c-09 3.06e-08 6.68e-09 .5.60e-09 4.09e-09 3A4o-08 4.J3e-09 1.23e..08 
NA NA NA NA NA NA . NA NA NA 
1.94e-ll 1.96e·ll 1.86e-10 4.06e-11 . 3.41e·ll 2.49e-ll 2.09e·l0 2.63e.tt 7.50e·ll 
7.92e-11 7.95e-11 7.54e-JO t.65e-IO J.39e-10 I.Oie-10 8.52e·IO I.O?e-10 3.06e-10 
5.05e-10 5.06e-l0 4.80e-09 I.OSe-09 8.85e-10 . 6.47e-JO .5.44e-09 6.80e·IO 1.9Se-09 

1.15e-05 I.ISc-0.5 1.09e-04 2.38e-OS 2.01e-OS J.47c-<iS 1.23e-04 l.$4e-OS 4.42c-05 
NA NA NA NA NA NA NA NA NA 

2.91e-06 2.92c-06 2.77e·Os 6.06e-06 5.09e-06 3.72e-06 3.13e-05 3.92e-06 1.12e~S 

4.42e-06 4.42e-06 4.19e-OS 9.16e·06 7.74e-06 5.65e-06 4.7.5e-05 5.93e-06 1.70e-OS 
4.34e-06 4.34e-06 4.12e-OS 9.01e-06 7.61e-06 .5 • .56e-06 . 4.67..05 5.84e-06 1.68e.,05 

6 . .51 e-05 6.52e-05 6.Jse.o4 1.3Sc-04 1.14e-04 8.33e-OS 7.00e-04 8.76e-05 2.51e-04 
3.73e-06 3.74e-06 3.55e-05 7.76e-06 6.53e-06 4.71c-06 4.01e-0.5 .5.03e-06 1.44e-05 
1.25e-03 1.25e-03 1.19e-02 2.60e-03 2.19e-03 1.60e-03 . J.3.5e-02 J.68e-03 4.82e-03 

NA NA NA NA NA NA NA · NA NA · 
NA 1.44e-06 1.36e-OS 2.98c-06 NA NA NA 1.93e-06 · NA 
NA 2.88e-06 2.73e-OS 5.97e-06 NA NA NA 3.87e-06 NA 
NA 2.J6e-07 2.0Se-06 4.48e-07 NA NA NA. 2.90e-07 NA 
NA 1.44e-06 1.36e-OS 2.98e-06 NA NA NA 1.93e-06 NA 
1.93e-04 1.73e-07 1.64e-06 3.58e-07 3.37e-04 2.47e-04 2.07e-03 2.32e-07 7.43e-04 
NA 7.9te-06 1.50e-05 1.64e-OS NA NA NA i.06e-Os NA 
NA NA NA NA NA NA NA NA . NA 
NA NA NA . NA NA NA NA NA NA 
NA 4.32e-07 4.09e-06 8.9Se-07 NA NA NA .5.80e-07 NA 
NA 'NA NA· NA NA . NA NA NA NA 
NA J.J2e-06 J.06e-05 2.33e-06 NA NA NA· · 1 • .51~6 NA 
NA 8.63e-06 8.18e-OS 1.79e-OS NA NA NA . l.l6e-OS NA 

2.05e-03 3.27c-06 J.IOe-05 6.17e-06 3.60e-03 2.63e-03 2.11e-02 4.39e-06 7.92e-03 
NA 4.32c-06 4.09e..()S 8.9Sc-06 NA NA NA 5.80e-06 NA 
NA 5.15.c-05 5.46e-04 1.19e-04 NA NA. NA 7.73e-05 NA 
1.59e-05 ~9c-07 1.23c-06 2.69c-07 2.79c-Q.5 2.04e-05 1.7Je-04 '1.74e-Oi 6.13c-0.5 

--- ·-.- ---
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- Northern ... . Musknt Bobwhite 
-;:., . Comoound- lBCF'"" .. ) lBCF .) 
D'lOIIila and Funna · 
2;3;7~1'CDD .... - 3.48e.05 8.73e.04 
l~:f.7J.PeCDD 3.20e.05 8.03e.04 

~.7ktfxCDD - 1.08e.05 2.71e.04 
t;2'i;;6.7'.1-HxCDD 

.. 
4.18e.07 I.OSe-04 

1D.7.1.9-HxCDD ,. 4.87e.06 1.22e-04 
1~:3:.4.6.7.1-HoCDif . 1.78e.06 4.45e-05 
OCDD --· 

4.18e.07 I.OSc.OS 
2!3~7 .1-'fCDF 

.. 
2.79e.0.5 6.98e-04 

i.2J.7.1-PcCDF -. 7.66e.06 1.92e-04 . 
lu;4..7.1·b!CDF 

.. 
5.S7e.05 1.40e-03 

UM.7~HxCDF - 2.6Se-06 6.63e-05 
t;fJ.$.7.1-HxCDF .. 6.62e.06 1.66e-04 
2i"AA7.i-HxCDF - 2.33e.05 S.SSe-04 
1.2J.7.1.9-HxCDF .. 2.19e-0.5 s.SOe-04 

U.3Jc.6.7.1-HDCDF 
... 

3.83e-07 9.60e.()6 
1'.t:J~.7 .1.9-HDCDF .. 1.36c-0.5 3.40e.04 
OCDP 

.... 
S.S7e.07 . 1.40e-05 

h'&bwdnr aromatic lmlrocarbons <PAHs) 

~~ 2.t7e.OS 3.19e-04 
BeftiO(alantJiracene !"~· • 7.69e.:06 1.13e-04 
lseimi(b)niJonnthene 2.57e-0.5 3.78e-04 
l~llluoranthene 2.sse.os 3.7Se-04 
..L' .- ' .•.. w: 8.8Se-06 I.JOe-04 
'~. "'-lhraeene .5.68e.0.5 8.37e-04 
~1-'. 

.. 
1.33e-04 1.9Se.03 

POtfthlorfnated blollenvlal: ~Ds) 
Aroctiir tiU6 4.08e-06 6.01e-05 
AMclor1254 2.60e-OS J.Sie-04 
Nltto•rcim•tlcs 
IJ!ljjmJtrobenzene S.OOe-10 7.35c-09 
f.X.Dtnluiotoluene D!t' 1.60e.09 2.34e-08 
~nltrOtoluene 1.24o-09 1.83c.08 
N1trobenzene l.t0e.()9 1.6le-08 
Paltach101'011ltrobenzene 7.0Sc.07 1.04e-OS 

Phtl••l•te esten 
Blsf2-ethvlbc~y''' "tholitte 2.S8c.06 . 3.80e-05 

... 

Bloconcentratlon Factors for SoU/Sediment to Wildlife Me.asurement Receptor:s 

Meuurement RecepJon 
Salt-marsh I • WesttrD 

Northern Red-tailed Harvest ~hort-talled Spotted Meadow White-rooted 
Harrier RedFox Hawk Mouse Shrew Sandpiper Swi~Po1 LJrk· Mouse 

(BCF._,..,) i (BCF....,..J (BCF .... .,) (BCF ..... J (BCF....,.,) .CBCF...,..,.) I <itCF.-.l .(BCP--.l. JBCF~ 

7.26e-04 8.19e.05 7.26e-04 9.66e.05 7Aie-04 3.03e.03 ·ule-05 1.02e.03 1.47e-04 
6.68e.04 7 . .53e.05 6.68e.04 · 8.88e.05 6.81e-04 2.79e.03 8.66e-05. 9.36e-04 · 1.3.5e.o4 
2.25e·04 2 . .54e.05 2.25e.04 2.99e.05 2.30e.04 · 9.40c.04 2.92e-05 3.15e-04 4.5.5e.().5 
8.72e-05 9.82c.06 8.72e.OS 1.16e.OS 8.89c.0.5 3.64e.04 1.t3e.().5 1.22e-04 1.76e.0.5 
1.02e-04 1.1.5e..OS 1.02e.04 J.35e.OS 1.04e.o4 4.24c-04 1.32e.OS . 1.42e-04 2.0.5c.0.5 
3.70e-OS 4.17e..06 3.70e.05 · 4.92e.06 3.78e.05 1 • .5.5c.04 U0e-06 . .'S.l9e..0.5 7.48e-06 
8.72e-06 9.82c..07 8.72c.06 1.16e-06 8.89e.06 3.64e.0.5 1.13e-06 1.221-05 1.76e.o6 
S.Sie-04 6 . .5Se.05 .S.Sie-04 7.72e.OS 5.93e-04 2.43e.03 7.53e.oS l.t4e.o4 l.l?e-04 
1.60e-04 1.80e.OS 1.60e.04 2.12e.OS 1.63e-04 6.67e.04 ·2.01!i-05 2.24e-04 · 3.23e.()S 
1.16e-03 I.Jie-04 1.16e.03 I.SSe-04 · 1.19e.03 4.85e.03 't.Sle-04 t.63e.03 . 2.3.5e-04 
S.S2e-OS 6.22e.06 S.S2e-OS 7.34e-06 S.63e-05 2.30e-04 7.1Se-06, 7.73e-OS l.lle-05 
1.38e-04 l.S6c.OS 1.38e-04 1.83e.OS 1.41e.04 S.76e-04 ·J,79e.OS 1.93e-04 2.19e-OS 
4.87e·04 S.48e.()S 4.87e.04 6.47e.05 4.96c.04 2.03e.03 ~.30e.()5 6.11e-04 9.83'e.().5 
4.58e-04 S.l6c-05 4.S8e.04 6.08e.OS 4.67e-04 1.91e.03 ·.5.930.0.5 .Ule-04 9.240.0.5 
7.99e-06 9.00e-07 7.99c-06 1.06e.06 8.1.5e.06 3.33e-05 1.04e-06 l.t2e.()5 1.61o-06 
2.83e-04 3.19e.OS O.OOc+OO O.OOc:+OO 2.89e.04 l.ISe-03 3.670.05 3.97e-04 · .5.72e.().5 
1.16e-OS I.Jie-06 1.16e..OS I.SSc-06 1.19e.0.5 OSc.OS I.S1e-06 1.6)e-0.5 2.3Se-06 

2.66e-04 .5.10e-OS 2.66c-04 6.01e-OS 4.61e-04 l.lle-03 . 5.16o-05 3.72e-04 9.13..0.5 
9.4le-OS I.Ble.OS 9.41e-OS 2.13e.OS t.64e-04 3.93e.04 l.Oio-05 t.32e-04 3.24e-0.5 
3.14e-04 6.03e.OS 3.14e-04 7.1le.OS S.46c-04 1.31e.03 6.93.05 4.40e-04 I.OSe-04 
3.12e-04 6.00e.OS 3.12e-04 7.08e.OS .5.43~-04 1.30e.03 6.90o-0,. 4J7e-04 1.08e-04 
1.08e-04 2.08c.0.5 1.08e-b4 2.45e-OS t8Se.04 4.S3e-04 2J9o-OS 't,52e-04 3.73e.()S' 
6.97e-04 1.34e-04 6.97e.04 · t.ssc.o4 1.2le-03 2.91e-03 1.S4o-04 USe-04 2.39e-04 
1.62e-03 3.12e.04 1.62e-03 3.68e.04 2.82e.03 6.77e.03 ·3 • .59o-04 2.27e-03 S.S9e-04 .. 
S.Oie-05 9.60e.06 S.Ole-OS l.tJe.osl 8.69e-OS 2.o9e.o4 t.toe.osl ?.Ote-051 1.72e-OS 
3.17e-04 6.11e-OS 3.17e.04 7.20e.:Os .5 . .52e.04 l.32e-031 7.020.0.51 4.441-041 t.o9o-04 

6.12e-09 1.17e-09 6.12e.09 1.39c.09 1.06e.08 2.SSe-08 t.3Se-09 I.S7o-09 2.10e-09 
1.95e-08 3.7.5e-09 1.9Sc.OS 4.43e-09 3.40e-08 8.14e.08 4J2o-09 2.73..08 6.7Je.()9 

1.52e-08 2.91e-09 I.S2e-08 3.43e.:09 . 2.63b-08 6.3Sc.08 '3.34o-09 2.13e.08 S.21c.()9 
1.34e-08 2.S8c.09 1.34c.08 3.04c.09 ·2.33e-08 S.61e-08 2.96o-09 USo-08 4.62e-09 
8.62e.06 1.66c-06 8.62e-06 1.96e-06 1.50e.OS 3.60e.OS 1.91o-06 t.2le.0.5 2.97e-06 

3.16e-05 6.07e-06 3.16c..05 7 .17c-06 ~.~oe.osl t.32e.04 6.98e-06 4.43e-0.5l. J.09c-OS .. 

·--
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Df(n~ phthalate 

.·.J;i· 

• 
Volyrat~rfi)tte eomPCJunds 
.(~"P•::. 

ll~l!fia··· 

Ol~tonn-; ·~ · 
~Ydeti+dc ..... , 
~~~it~.:.·, .. ~:· 

FOH\it&hyde . ' ·~ 
vt~m'orr~e · IJ. 

~ltorlnattd ol'21'nles 
tt&ac'titiSrO'&tSliene ... 
HCm'lil~diene '·· 
Hemli't~loiientadl~ 
Nft'ti~f&o~zene •• 
Piiltltbf010Piieno1 1C 
rUtlcl!es 
.c~Dbs · ;:·; · .. 
HcPi~1ltor .L . 

. .. 

H~li~brorlbene -· 
ra~M&tci r.-· 
Aiilfiihlm ·:· : . . 
AntiMOnY ~· . ·-· . 

Aiieft!C·s 
.. . 

Biilim.,..' ' •. -· .. ·-
ICidililirm -
ctiliitliim Oimvatehtf:' 
·~~ 

... "-.. 
TOta'L~tc!e -
Uidi.,i·~ 0 . . -
P.f~ochtoric~e --· 
M: .... -. . -· 
Nfail':j. .. ··~ ·-
setenrvm .. .......... .. , . 

Sltver 
111an1vm 
Zfnc 

JA4e..02 S.07e..OI 

· 9.68e·l2 1.42e·10 
2.87c·ll 1.08e·IO 
J.44c..09 2.10c..08 
NA NA 

.. 8.72~·12 1.28e-10 
J.SSc·ll S.21c·10 
2.26c-IO 3.32e-09 

S.l2c:..()(• 7 . .54c-OS 
NA NA 

1.30e..()6 1.91e-05 
1.97e..06 2.90e-OS 
1.94e-06 2.86e-05 

.2.90e-05 4.28e-04 
1.67c..06 2.4Se-05 
S.S9e-o4 8.22e-03 

' NA NA 
6.41e..07 NA 
1.28e-06 NA 
9.62e-08 NA 
6.41e-07 NA 
7.69e..()8 t.27e-03 
3.53e-06 NA 
NA NA 
NA NA 
1.92c-07 NA 
NA NA 

5.00e..()7 NA 
3.85e..06 NA 
1.46e-06 1.35e-02 
1.92e-06 NA 
2.57c-OS NA 
5.77e-08 l.OSe.Q4 

Bioconcentratlon Factors for Soil/Sediment: to Wildlife Measurement Recepton . . . 
4.22e-OJ 8.09e..02 4.22e..OI 9.SSe-02 7.32e..OI 1.76e+OO 9.31e-02 . 5.91e-Otl L4Se..OI 

I 

I.ISe-10 2.28e·11 I.ISe-10 2.69e·11 2.06e-10 4.94e-10 2.62e-1 I · 1.66e·IO · 4.08e-ll 
9.02e-ll 6.74c·l 1 9.02e·ll 7.95e·l1 6.10c-10 3.76e·IO 7.75e-ll 1.26e·{O ' .J.lle·IO 
1.75e-08 3.38e..09 1.7Se..08 3.98e-09 3.06e-08 7.3Je-08 3.88e..09 · 2.4Se..08 . 6.0Se..09 
NA NA NA NA NA NA ·NA . NA NA 

1.06e-J 0 2.0Se-11 1.06e·10 2.42e·ll 1.86e-10 4.44e·10 2.36e·ll 1.49e·10 · 3.67c·ll 
4.34e-IO 8.34e-11 4.34e-10 9.83e-11 7 . .54c·IO J.Slc-09 .. 9.58e-J 1 .. 6.07c·IO · i.49e-l0 
2.77e-09 S.31c-10 2.ne-09 6.26e-10 4.80e..09 I.ISe-08 6.10e-JO .. 3.87e-09 9.Sie·IO 

6.28e-05 1.20c:..OS 6.28c-OS 1.42e-OS 1.09e..04 2.62e..04 1.38e-05 1.79e.Os · ' 2.16e..OS 
.NA NA NA NA NA NA' NA NA· NA '. 

1.59e-05 3.06e..06 l.S9e-05 3.61e-06 2.77e-OS 6.64e-OS 3.52e-06. 2.23e..OS S.49e..06 
. 2.42e-05 4.63e-06 2.42e-05 S.46e-06 4.19e.:OS 1.01c-04 s.32e-06 3.39e-O;. a.JOe-06 

2.38e-05 4.SSe-06 2.38e-05 5.37e-06 4.!'2e-OS 9.93e-05 5.23e..06 · 3.33e-OS .. 8.16e..()6 
; 

· 3.56c-04 6.83e..05 3 . .56e-04 8.06e-05 6.18e..04 1.49e-03 7.85e-05 • ~ 4.99e-04 1.22e-o4 1 

2.04e-05 3.92e-06 2.04e-OS · . 4.62e-06 · 3.5Se-OS 8.S1e-OS 4.51e..06. 2:860..0.5 7.03e-06 
6.85e-03 1.31e-03 6.8Se-03 I.SSe-03 1.19e-02 2.86e-02 1.51e-03 9.58e-03 · 2.3Se..03 

I 

NA NA NA NA . NA NA NA NA NA 
NA 1.51e..06 NA 1.78e-06 1.36e-OS · NA 1.73e-06 NA 2.70e-06 
NA 3.01e..06 NA · 3.S6e-06 2.73e..()5 NA 3.47e-06. NA · · s:40e-06 

NA 2.26e-07 NA 2.67e-07 2.05e-06 NA 2.60e-07 ·: NA 4.0.5e-07 
NA 1.51e-06 NA 1.78e-06 · I.JiSe-0.5 NA 1.73e-06 NA · \ 

2.70e-06 
1.05e-03 l.Ble-07 I.OSe-03 2.13e-07 I.G4e-06 4.40e-03 2.08e-07 1.48e-03 . · 3.24c-07 
NA 8.29e-06 NA 9.78e:.06 1.SOe-05 NA 9.53e..06 NA J,49e-05 
NA NA NA NA NA · NA NA NA' NA. 
NA NA NA NA NA NA NA NA. NA 
NA 4 . .52c-07 NA 5.33e-07 4.09e.:06 NA 5.20e-07 NA S.llc-07 
NA NA NA .NA NA NA NA . 'NA NA 
NA 1.18c-06 NA · 1.39c-06 1.06e-05 NA 1.35e-06 • NA 2.11c-06 

NA 9.04e-06 NA 1.07e-OS · s.rsc-05 NA 1.04e-05 NA 1.62e-OS 
1.12e-02 3.42e-06 1.12e-02 4.04c-06 3.10c-05 4:69e-02 3.936-06 t.S?e-02 6.13c-06 
NA 4 . .52e-06 NA 5.33c-06 4.09e-OS NA 5.20e-06 NA 8.1te.06 
NA 6.03e..OS NA 7.11e-05 5.46c..04 NA 6.93e-05 NA I.OSe-04 

8.7lc-05 1.36e-07 8.7le..OS 1.60c-07 1.23e-06 3.63e-04 J,56e-07 J.22e-04 · · 2.43e-07 

{ 



FOOD-CHAIN MULTIPLIERS 

Trophic Level of Consumer 

Log K~.., 2 3 4 

2.0 1.0 1.0 1.0 

2.5 1:o . 1.0 . 1.0 

3.0 1.0 1.0 1.0 

3.1 1.0 1.0 LO 

3.2 1:o 1.0 1.0 .. 

3.3. 1.0 . 1.1 . 1.0 . 
. . .. 

1.0 3.4 1.0 1.1 

3.5 1.0 1.1 1.0 

3.6 1.0 Ll 1.0 

3.7 1.0 1.1 1.0 

3.8 1.0 1.2 1.0 

3.9 ·1.0 1.2 I.l 

4.0 1.0 1.3 1.1 

4.1 1.0 1.3 1.1 

4.2 1 .. 0 1.4 1.1 

4.3 1.0 1.5 12 

4.4. 1.0 1.6 1.2 

4.5 1.0 1.8 1.3 

4.6 1.0 2.0 
.. 

1.5 

4.7 1.0 2.2 1.6 

-· 4.8 . 1.0 2-.5 1.9 

4.9 !.0 2.8 2.2 

50 !.0 3.2 2.6 

5.1 1.0 3.6 3.2 

5.2 1.0 4.2 3.9 

5.3 1.0 4.8 4.7 

5.4 1.0 5.5 5.8 

5.5 1.0 6.3 7.1 

5.6 
. 

7.1 8.6 1.0 

5.7 1.0 8.0 10 

F-12 



FOOD-CHAIN MULTIPLIERS 

Tropblc Level of Consumer 

LogK., .. 2 3 4 

5.8 1.0 8.8 12 

5:9 1.0 9.7 14 

6.0 1.0 11 16 

6.1 1.0 11 18 

6.2 1.0 12 20 

6.3 1.0 13 22· 

6.4 l .. o 13 23 

6.5 1.0 14 25 

6.6 1.0 14 26 

6.7 1.0 14 26 

6.8 
'" 1.0. 14 27 

6.9 1.0 14 27 

7.0 1.0 14 26-

7.1 1.0 14 25 

7.2 1.0 14 24 

7.3 1.0 13 23 

7.4 1.0 13 21 

7.5 1.0 13 19 

7.6 1.0 12 17 

7.7 1.0 It 14 

7.8 1.0 tO 12 

7.9 1.0 9.2 9.8 

8.0 1.0 8.2 7.8 

8.1 1.0 7.3 6.0 

8.2 1.0 6.4 4.5 

8.3 1.0 s.s Jj 

8.4 1.0 4.7 2.4 -
8.5 1.0 3.9 1:7 

8.6 ' 1.0 3.3 1.1 

8.7 1.0 2.7 0.78 

8.8 1.0 2.2 0.52 

F-13 



FOOD:..CHAIN MuLTIPLIERS 

Trophic Level of Consumer . 
LogK.,,. 2 3 4 

8.9 1.0 1.8 0.35 

9.0 1.0 l.S 023 

Source: U.S. EPA. 199Sb. "Great Lakes Water Quality Initiative Technical Support Document for the Procedure to Determine 
Bioaccumulation factors." EPA-82_0-8-95-005. Office of Water. Washington, D.C. March. 
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FRESHWATER TOXICITY REFERENCE VALUES 

(Page 1 of8) 

- --

Toxicity Value 

Duration and Uncertainty 
Compound Endpoint• Concentration Factor' TRV• Reference and Notes 4 

Polychlorfnateddlbenzo.~loxlns (JJg/L) 

2.3,7,8-TCDD Chronic LOEL 0.000038 0.1 0.0000038 Mehrle et at. (1988). 2,3,7,8-TCDD toxicity value for rainbow trout 
(Oncorlaynchus IJIYklss). 

Polynuclear aromatic hydrocarbons (PAH) (IJg/L) 

·' Total high molecul~r weight (HMW) 0.014 Bcnzo(a)pyrene toxicity used as surrogate measure of toxicity. This .. .. .. 
PAHs· . . TRV should be used if assessing the risk of total HMW PAHs. 

~ BenzO{a)pyrene .. Tier II value 0.014 Not applicable 0.014 U.S. EPA (1996). Calculated using Great Lakes Water Quality 

~ 
. Initiative Tier II methodology. 

f Bcnzo(a)anthracene Tier II SCY . 0.027 Not applicable 0.027 Suter and Tsao (1996). Calcul.ated using Great Lakes Water Quality 

' Initiative Tier II methodology . 

• 4 Bcnzo(b)fluoranthcne .. - 0.027 Toxicity value not available. Benzo(a)anthracene used as surrogate. 

i BeMO(k)fluoranthene .. .. -- 0.027 Toidclty value not available. Benzo(a)anthr11cene used as _surrogate. 

~ Orysene · .. .. -· -0.027 Toxicity value not available. Benzo(a)anthracene used as surrogate. i .. 

1 Dlbenz(8.h)anthracene . · · .. - .. 0.!)27 Toxicity value not available. Benzo(a)anthracene used as surrogate. 
·l . 
i lndeno( 1 ,2,3-cd)pyrene .. - .. 0.027 Toxicity value not available, Benzo(a)anthracene used as surrogate. 

t Polycblorfnated biphenyls (PCB) (#giL) 

~ Aroclor 1016 .. 0.19 Not applicable 0.19 . Adopted from U.S. EPA (1996) value for Total PCB. Calculated 
•; 

f. Aroclor 1254 

using O~t Lakes Water Quality Initiative Tier II methodology. 

·- 0.19 Not applicable 0.19 Adopted from U.S. EPA (1996) value for Total PCB. Calculated 

• uslrig Oreat Lakes Water Quality Initiative Tier II methodology. 
~ 

I 
·~· I . 

'~~.,.../ ~) -i 

i 
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... 

Compound· 

Nltroaromatl~ (14efl.;) 

I .l·Dinitrobenzene : . 

' 

2.4-Dinltrotoluene 

2.6-Dinltrotoluene 

Nitrobenzene .. .. 

Pentachtoronitrobenz'ene 

Phthalate esten (Jlc/L) 

Bis(2-ethylhexyl)phthalatc 

Di(n)octyl phthalate 

Volatile organic compounds {J.Ig/L) 

Acetone 
. 

Acrylonitril~ 

Chloroform 

Crotonaldehydc 

- -- ----- -- --

FRESHWATER TOXICITY REFERENCE VALUES 

(Page 2 of8) 
- -----

Toxicity Value 

Duration and Uncertainty 
.. 

. 
Endpoint" Concentration Facto~ TRY' . Reference and Notes • 

'j. 

Subchronic 260 . 0.1 26 van der Schallo (1983). Algal growth test \Yith Sele11astnim 
NOEC caprlcornutum. 

. . 
! I 

u.s. BPA (1981b) 
I 

Chronic LOEL 230 0.1 23 

Chronic NOEC 60 Not applicable 60 .Kuhn et al. (1989).' Toxicity value for water flea (Daph11ia mag1~a). 

Acute LOEL 27,000 o.ot• 27Q ·u.s. BPA (1987) . ;!, 

LCSO 1,000 0.01 10 . Huhlmoto and Nishluchi (19.81). Toxicity value for common carp· , 
(Cyprlf!IU carpio). · 

.. . . 
Tier II SCY 3.0 Not applicable 3.0 Suter and Tsao (1996). Calculated using Great Lakt;s Water Quality 

·rnltfatfvo Tier II methodology. 

Chronic NOEL 320 Not applicable 320 McCarthy and Whitmore (198S). Toxicity value for water flea (D.:: 
nragna). ,; 

,. 
: 

Tier II SCY I,SOO Not applicable I,SOO Suter and Tsao (1996). Calculated using Great Lakes Water QualitY 

. . Initiative Tier. II methodology . 
. . 

Chronic LOEL 2,600 0.1 260 U.S. EPA (1994b) 

Tier II SCY 28 . Not opp!icable 28 Suter and Tsao (1996). Calculated .using Great Lakes Water Quality 
,'Initiative Tier II met&odology. 

Acute LC50 3,500 0.01 3S Dawson et at. (1977). Toxicity value for bluegill sunfish (Lepo1uls i 

--- - ____ ______!___ 
macrochlrus). 

.. 
t 
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I..V 

0 

Compoua~· 
:. 

1,4-Dioxone 

Fonnaldehyde 
• ;t' 

.. 
Vinyl chloride ...... 

Other cblorlnatcd·orpnlcs (}.lg/L) 

Hcxachlorobcnzene 

Hexachlorobutadiene 

Hcxachlorocyclopcntadlcne 

Pcntachlorobenzene ; · 

Pentachlorophenol 
: .,, . 

Pestlddes ~giL) 

4,4'-DDE 

Heptachlor 

Hexachlorophene 

.~ i 
I t 

I· 
'f 

f' 
FRESHWATER TOXICITY· REFERENCE VALVES 

····_ t 

(Page 3 of8) 

Toxicity Value 

Duration and Uncertainty 
Endpoint' Concentration Factor" TRV• 

Acute ECO 6,210,000 0.01 62,100 

Acute LC50 4,960 0.01 49.6 

Subchronic 388,000 O.Oic 3,880 
LCJOO 

.... 

Proposed chronic 3.68 Not applicable 3,68 
criterion 

Chronic LOEL 9.3 0.1 0.93 

Chronic LOEL 5.2 0.1 0.52 

Tier II value 0.47 Not applicable 0.47 

Chronic criterion 13 Not applicable 13 

Acute LOEL 1,050 o.ot• 10.5 

Chronic criterion 0.0038 Not applicable 0.0038 

Subchronic 8.8 0.1 0.88 
NOEC ! : 

•,1, 

Reference and Notes • 
.... 

Brlngtnann and KOhn (1982). Toxicity value for water flea (D. 
magna),' · · 

.Reardon and Harrell (151510). NcSdata available for fonnalehydc. 
Fonnalln eontalnlng 37 percent.fonnaldchyde used as a surrogate .. 
. Endpoint based on fonnaldehyde conl:entration. 

Brown et at. (1977) . ... 

.. .. 

U.S. EPA (15187) 
: ::-. 

. U.~.'EPA(1987) . 
-. . 

U.S. EPA (15187) 
... 

U.S. EPA (15196). Calculated using Great LakeS Water Quality. . 
Initiative Tier II methodology. . · 

U.S.-EPA (15187) 
... ·-

U.S. EPA (1~87) "· 

. . 
·U.S. EPA(I987) ·. 

·Call et al. (15189). Toxicity value for fathead minnow (P. promelas). 

,, 

':f 

·:•· 

.; u. ... \ 
,;•' 
J. 
I' ~ 
N ~ fit r .! 
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~ .. 
' 
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.. 

Compound 

laorgaalcs (mg/Lf' · 

Aluminum --· 

Antimony '· 

Arsenic (trivalent) 

Barium 

Beryllium 

Cadmium 

Chromium (hexavalent) . 

Copper 

Total Cyanide 
-

FRESHWATER TOXICITY REFERENCE VALUES 

(Page 4 of8) .. 

Toxicity Value : .. 
Duration and Uncertainty 

Endpoint' Concentration FaCtor" TRVC Reference'and Notes • ' 

.. -· n 1 

FCY 0.087 Not applicable 0.087 U.S. BPA (l988) 
... 3 ' -· ~ . 

Proposed chronic 0.003 U.S. BPA (-1987) 
. ~ . i Not applicable 0.003 c 

criterion 
' 

Chronic criterion 0.19 Not applicable 0.19 
: 

U.S. BPA (1987) · i 

Suter ind ~sao (19~6). Calculated using Gr~U.l Lakes Water Qualit?' 
I 

Tier II SCV 0.004 Not applicable 0.004 : 

: Initiative Taer II methodol~gy. · · · · · ~ 

Tier II SCY 0.00066 Not applicable 0.00066 Suter and Tsao (199.6). Calculated using Great Lskes Water QualitY 
Initiative Tl~ II methodology. •, ,, 

': 
Chronic criterion 0.0010 Not applicable 0.0010 U.S •. BPA (1987). 'Criterion is hardness-dependent. Water baldness 

(dissolved) ot:J 00 l::~ calcium carbonate} used to c9mpute criterion: ·e :; 
<0• 52 • _,:490• Criterion convened to dissolved ·_t · 

concentration usiniconverslon factor of0.!>09 (U.S. EPA 1996). II 
available, site-specific water hardness shout~ be used to calculate U 
·rhen,v. ·· . ··: ! 

FCV 0.010 Not applicable 0.010 U.S. BPA (1996). Residue data excluded from calculation o{FCV ~ 
bec_ause human fish consumj:ltion not relevant to SLERAP. · . ;I 

. 1 
Chronic criterion 0.011 Not applicable 0.011 '· U.S. ~PA (1987}. Criterion Is hardness-dependent Water ha,rdn~. 

(dissolved) or 100m~~ calcium carbonate} used to compute criterion: · e ·!l 

(0.1 45 •ta >- 1•465• Criterion converted to dissolved 
. concentration using conversion factor of0.960 (U.S. EPA 1996X). 
Ifavallable, site-specific water hardness should be used to calculate 
theTR.V. 

Chronic criterion 0.0052 Not applicable 0.0052 U.S. BPA (1987) 
'. 

-- ----
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\Jl 

0 

-

;;·· 
ComJ)ouad 

Lead 

Mercury (inorganic) 

Methyl mercury 

Nickel 

Selenium 
. . . 

Silver . ~- ' '. 

Thallium 

Zinc '·- . 

, ... ...-. . ·, 

FRESHWATER TOXICITY REFERENCE VALVES 

(Page 5 of8) 

Toxicity Value ., 

Duration and Uncertainty 
Endpoint' Concentration Factor' TRY' 

Chronic criterion 0.0025 Not applicable 0.0025 
(dissolved) 

FCV 0.0013 Not applicable. 0.0013 

·Tier II SCV 0.0000028 Not applicable 0.0000028 

Chronic criterion 0.160 Not applicable 0.160 
(dissolved) 

Chronic criterion o.oos Not applicable 0.005 

Proposed chronic 0.00012 Not applicable 0.00012 
criterion 

Chronic LOEL 0.04 0.1 0.004 

Chronic criterion 0.110 . Not applicable 0.110 
(dissolved) 

. :: 

·,, 

' 

, .. 
'I 

I 

'. 
'"Reference and Notes • 

' 

U.S. EPA (1987). Criterion is hardness-depe~~nt. Water hardness 
or JOO mJ!};.(as calclwn carbonate) used to c·Ofripute criterion: e·' · 

. (1.2 3 " Ia u)-·t.7os. Criterion converted to dissolved · 
concentration using conversion f'actor of 0. 791,.(U.S. EPA 1996X). 
If' available, slt~s~clfic water hardness should be used to calculate 
the.TRV. . ".· :1 

U.S. EPA (1996). Residue data excluded from. calculation of.FCV 
becaus~ human fish consumption not relevant to S~ERAP. . . 

Suter and Tsao (19~6);·' Calculated ~sing Grea~ Lakes Water Qualily 
Initiative Tier II mediC?Cfology. '··· · 

U.S. EPA (1994b). Criterion is.hardness-depcndent. Water · 
'hardness or 100m~ calcium carbonate) Used to compute 
criterion: e (O.t•IIO' ncul + l.l~s. Criterion convened to 
dissolved concen~tlon using convcrs.vn factor of0.997 (U.S. EPA 
1996X). . 

. U."S. EPA (1987) 
.. .•. 

U.S. EPA (1987) ... ·, 

U.S. EPA (1987) · 

·u.S.·EPA (1987). Criterion Is hardness-depen3ent. Water hardness 
. of'IOO ~~~.,calcium carbonate) used to compute criterion: e 

(O.I473 • ~) + 0·!614• Criterion convened to dissolved 
concentration using conversion· factor of 0.986 (U.S. EPA 1996X). 
lhvallable; site-specific water hardness concentration should be 
used to calculate TRV. 
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FRESHWATER TOXICITY REFERENCE VALUES 

(Page'6 of 8) 

Notes: 

a The duration of exposure is defined as chronic if it represents about I 0 percent or more of the test animals lifetime expectancy. Acutc.eX.posurcs represent singl~ ·exposures or multiple 
exposurcs·~na within a short time. For evaluating exposure duration, the following general guidelines were used. For Invertebrates and other lower trophic_leve! aquatic biota: (I) 
chronic duratton lasted for 7 or more days, (2) subchronic duration lasted from 3 to 6 days, and (3) acute duration lasted 2 days or less. For (ish: (1) clironic duration lasted for more than 
90 days,(~) su~hronic duration lasted from 14 to 90 days, and (3) acute duration lasted less than 2 weeks. . . 

b UncertaintY. fiCtO!'I are used to extrapolate a toxicity value to a chronic NOAEL TRY. See ChapterS (Section S.4) of the SLBRAP for a discussion of the use of uncertainty factors. 
c TRY w'Uti'lcdratec! by multiplying the toxicity value witli the uncertainty factor. · · · · · · 
d The referen~ refer to rhe source of the toxicity value. Complete reference citations are provided below. · · · 
e Best scient!flcjudgment used to identify uncertainty factor. See ChapterS (Section 5.4.1.~) for. a discussion the usc afbcst scientific j~dgcmcnt. Factors evaluat~· include test duration, 

ecological relevance of endpoint, experimental design, and availability of toxicity data. .. · . . : . · · · I' 
f TRVs for ~Is are based on the dissolved metal concentration. According to U.S. EPA ( 1993) policy, concentrations of dissolved metal more clostly approximate the bioavailable 

traction of metal in the water column. 

ECO - Effective concentration for zero percent of the test organisms. 
FCV - Final Chronic Value 
HMW - High molecular weight 
LCSO - Lethal concentration for SO percent of the test organisms. 
LCIOO - Lethal c!oncentration for I 00 percent of the test organisms. 
LOEL - LoWest Obscr\tcd Effect Level 
NOEC - No Observed Effect Concentration 
NOEL - No Observed Effect Level 
scv - Seco"daty Chronic Vuluc 
TRY Toxicity Reference Value - . ' 
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FRESHWATER SEDIMENT TOXICITY REFERENCE VALUES 

(Page 1 of7) 
--- --- ---- --·---

Bed Sediment 
.. TRV(dry 

Compo11nd Freshwater TRY • K., Vnlueb weight) ·Reference and Notes • 

Polycblorlnateddlbenzo.p-dloxlns (Jlglkg) 

2,3,7,8-TCDD 0.0000038 2,691,535 0.41 TRV was calculated using .equilibrium panitioning (E~P) approach (EPA 
1993), assuming a fractional organic content of 0.04. · 

Polynuclear aromatic hydrocarbons (PAH) {Jig/kg) 

Total high molecular weight (HMW) PAH Nor applicable Not applicable 170. TRV is ERL value co~r~putect by IngerSoll et al. ( 1996) based on 28-day · 
nmphipod (H)Itlle/la azteca) toxicity tests: This TRV may be used if risk of 
total HMW PAHs Is assessed. 

Benzo(a)pyrene Nor applicable Not applicable 84 TRV Is an ERL value calculated by Ingersoll er al. (1996) based on 28-day 
H. azteca toxicity tests. · · · 

Benzo(a)anthracene Nor applicable Not applicable 19 TRY is an ERL value calcL~Iated by Ingersoll er al. (1996) based on i8-day 
H. aiteca toxicity tests. . . 

Benzo(b )fluoranthene Nor applicable Not applicable 37 TRV is an ERL value calculated by In&ersoll er al. ( 1996) based on 28-dity 
H. azleca toxicity tests. ~ 

Benzo(lc)fluoranthene · · Nor applicable Not applicable 37 TRV Is an ERL value calculated by Ingersoll et al. (1996) based on 28-day 
H. aztltca toxicity tests. 

Chrysene Nor applicable Nor applicable 30 TR V Is an BRL value' calculated by Ingersoll et al. ( 1996) based on 28-day 

I 

H. azteca toxicity tests. 

! Dibenz(a,h)anthracene·.·- · Not applicable Not applicable 10 TRV fs an BRL value calculated by Ingersoll er al. (1996) based on 28-day 
11. azllca toxicity tests. · · 

.. , 
TR V is an SRI. value calculated by Ingersoll et al. ( 1996) based on 28-day Jndeno( I ,2,.3-cd)py~ne Nor applicable Not applicable 30 
H. azteca toxicity tests: · ·· · .. · · t 

f 
.... ~ 
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(X) 

Compound 

Polychlorlnatec!'blpilenyls (PCB) ~g/kg) 

Aroclor 1016 

Aroclor 1254 

' 

Nltroaroinadcs ~g/kC) . 

I ,3-Dlnltrobenzene 

2,4-Dinitrotoluene 

2.6-Dinitrotoluene 

Nitrobenzene 

' 
Pentachloronitrobenzene . 

Phthalate esten ~g/kl) 

; Bis(2-ethylhexyl)pht~alatc 

Dl(n)octyl phthalate. 
.. 

Volatile organic compounds ().tglkg) 

I Acetone 
-

FRESHWATER SEDIMENT TOXICITY REFERENCE VALUES 

(Page 2 of7) 

---- -

Bed Sediment 

Freshwater TRV • K Value• 
TRV(dry 
weleht) Reference· and Notes •. 

tt 

TRY Is an BRL value for Total PCB calculated by Ingersoll et al. (1996) 
~' 

Not applicable Not applicable . 50 .. 
based on 28-day H. tateca toxicity tests. 

... 

Not applicable Not applicable 50 TRY Is an BRL value for.Total PCB calculated by Ingersoll et al. (1996) 
,. -· 

based on 28-day H. azt.•ca toxicity tests. .' 

,t I 

.. ,f ' 

50 20.6 41.2 TRY was calculated usinf BqP approach (SPA 1993), assuming a tra~tfo!W ~ ! 
organic content of 0.04. . · · · : 

23 51 46.9 TRV Was calculated uslnf BqP approach (EPA 1993 ), assuming a tractional~ 
organic content of 0.04. . 

60 41.9 100.6 TRY Was calculated usinf .Bc:jP approach (EPA 1993), ass~ming a tractional·'. 
organic content of 0.94. . .; 

270 119 1285.2 ' TRY was calculated uslnf BqP approach (EPA 1.993), assuming a ftactionat·i! 
organ{c content of 0.04. . . · · · · . rt 

10 ·5,890 2356 TRV was calculated uslnf BqP approach (EPA 1993), assuming a tractional~ 
organic CO!ltent of 0.04. • . ·... . . ! 

!· 

I 
.. ·~ 

. .. 
16 11,100 . 7104. TRY was calculated uslnf EqP approach (EPA 1993), assuming a fractional 

organic content of 0.04. ' . 

320 9.03 X 10 I 1.16 X 10 IO TRY was calculated usirif BqP approach (EPA 1993), assuming a tractional 
organic content of 0.04. · · . 

1100 -- jo.9SI 3.8 TRY~ calculated \lslnf BqP approach (EPA 1993), assuming a ftactlonal 
organic content of 0;04. , · · 

---- ---
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Compound 

Acrylonitrile 

Chloroform 
. ~' . ·; 

·-· 
Croton aldehyde 

1,4-Dioxane 

Formaldehyde 

Vinyl chloride 

Other chlorinated Ol'ltnlcs ~g/kg) 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopcn'tadiene 
... 

Pcntachlorobenzene-

Pentachlorophenol 

Pestlddes ~g!kg) 

4,4'-DD~ 
-

'"""'· 

FRESHWATER SEDIMENT TOXICITY REFERENCE VALUES l 
(Page 3 of·7) 

Bed Sediment 
TRV(dry 

Freshwater TRV • K •• Valueb weight) 

260 2.22 23.1 

124 53.0 262.9 

35 Not available Not calculated 

62,100 0.876 2176.0 

49.6 26.2 52.0 

3,880 II. I 1722.7 

Not applicable Not applicable 20 

0.93 6,940 258.2 

0.52 9,510 197.8 

2.75 32,148 3,536.3 

Not applicable Not applicable 7,000 

I Not ~pplicable _L~t applicable 5 

"1 
u ,, 
~ 

·Reference and Notes • 

TRV:~ calculated usln§ eqp approach (EPA 1993), assuming a fractionil · 
organic content or 0.04. . · 

TRV was calculate4 usln§ EqP approach (EPA 1993); assuming a fractional -
orga!llc content of 0.04. . · 

No TRY was calculated beca!Jse no Koc or K •• values were identified for'this 
constituent. 

•. 

TRVwu calculated usin§ BqP approach (EPA 1993), assuming a fractional · 
organic content or. 0.04. . . . . . 

TRY was calculated usln§ BqP approach (EPA 1993), assuming a fractional 
organic content or 0.04. . . . 

TRVwas calculated usinf BqP approllch (EPA 1993), assuming a fractional 
· organic content of 0.04. . 

. TRV !san LBL value (P~ud etal. 1993). -. 

TRY. wai ~lculated uslnf BQP approach (EPA 1993), assuming a fractional 
organic content or 0.04. . . ... . . 

TR V was calculated usinj EqP approach (EPA _1993 ); assuming a fraCtional 
organic conten.t or 0.04. · 

TRV wu calculatcd.uslnf BqP approach {EPA 1993), assuming a fractional 
organic content of 0.04. . · .. 

TRV Is an ABT value for H. azteca (Washington State Department of 
Ecology l994). 

TRV is an LBI; value (Pe'rsaud et al. 1993). p,p'-DDE used as a surrogate. 
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c;') 
I ..... 

0 

Comp_ound 

Heptachlor 

Hexachlorophene 

lnorganlcs (mglkc) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium .. 

Cadmium ·--- .. 
Chromium (total) 

Copper ....... ... 
Total Cyanide 

Lead 

Mercury (inorganic) 

-

FRESHWATER SEDIMENT TOXICITY REFERENCE VALUES 

(Page 4 of7) 

Bed Sediment 
TRV (dry 

Freshwater TRV • K Valueb wel2ht) Reference and Notes c 

Not applicable Not applicable 0.3 TRV is an NBLvalue (Persaud et at. 1993). The NEL was selected because 
no LEL was available. 

0.88 1,800,000 63,360 TRV was calculated usinf EqP approach (EPA 1993 ), assuming afractlonal 
organic content of 0:04. 

Not applicable Not applicable 14,000 TRV is an BRL value calculated by Ingersoll et al. ( 1996) based on 28-dlly . . . 
II. azteca .toxicity tests. 

Not applicable Not applicable 64.0 TRV Is an AET.for H., apeca (Washington State D;partment of Ecology''· A : 
1994). . . . ll ' • . 1: : 

... 
Not applicable Not applicable 6.0 TRV Is an LEL value (Persaud et al. 1993). . . 
Not applicable Not applicable 20 TRV Is a U.S. EPA Region 5 suideline value for classification of sedim~~ i 

for dctennfnlng the· suitability .of dredged sediments for open water disposi,l, 
as cited fh Hull and Suter II (1994). . · · . ..· 4~ 

Regulator)' or toxicity 'value not available. 
., l 

Not applicable Not applicable Not available ~ ~ 
" 

. ~. : 

Not applicable Not applicab.le 0.6 TRV fs an LBL value (Persaud et al. 1993). t! i 

Not applicable Not applicable 26 TRV Is an LEL value (Persaud et af. 1993). ..)' .. ~-* 
.. 

.J~ Not applicable Not applicable 16 TRV fun LEL value (Persaud ct at. 1993). .. 

Not applicable Not applicable 0.1 TRV Is a U.S. EPA Regi~n 5 guideline value for clwification of sedimen~ 1 
for.cf~;tennfning the suitability of dredged sediments for open water dispo~;· 
as Cited in Hull and Suter II (1994). - ,.JJ 

Not applicable Not applicable 31 TRV lsan LBL vaiue (Persaud et at. 1993). 

Not applicable Not applicable 0.2 No·toxlclty data available for divalent inorganic mercury. Total mercury 
used u surrogite for divalent inorganic mercury. TRY is an LEL v&lue 
(Perlaud ct a1. 1993). 

----
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Compound 

Methyl mereury 

···-
Nickel 

Selenium 

Silver 

Thallium 

Zinc 

-
FRESHWATER SEDIMENT TOXICITY REFERENCE VALUES 

(Page 5 of7) 

Bed Sediment 
TRV(dry 

Freshwater TRV • K,.. Valueb well!ht) Referenee and Notes • -
Nor applicable Not applicable 0.2 No toxicity data available for methyl mercury. Total""mercury used as 

surrogat6 for methylmerc1,1ry.: TRV is an LEL value (Persaud eral. 1~3). 

Not applicable Not applicable 16. TR'(Is an LBL value (Persaud et at. 1993). 

Not applicable Not applicable 0.1 TRV is an ABT for H. azteca (Washington State Department of Ecology 
1994). 

Not applicable Not applicable 4.5 TRV Is an ABT for H. azteca (Washington State Department of Ecology 
1994). 

Not applicable Not applicable Not available Regulatory vaiue ·or tdxlclty value not available. 

Not applicable Not applicable 110 TRV·is an BRL value calculated by Ingersoll et at. (1996) based on 28-day 
H. azteca toxicity tests. · ~ ' 
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FRESHWATER SEDIMENT TOXICITY REFERENCE VALVES 

(Page 6 of7) 

Notes. 

a Toxicity reference values are in units of micrograms per kilogram (pglkg) and milligrams per kilograms (mglkg) for organic and lnoraanic constituents, respeciivcly. 
b Values are i!l units of liters per kilogram ( L!kg). Koc • Organic carbon normalized sorption coefficient. References and equations used to caiculatc Koc values are provided in Appendix A. 
c The references refer to the study from which the TRY was identified. Complete reference citations arc provided below. 
d Freshwater ~iment TRY calculated with the following equation: 

AET 
ERL • 
EqP • 
HMV • 

Note: (continued) 

LEL 
NEL 
TRY 

---

Freshwater sediment TRY= Freshwater TRY (Table E-1) • Koc • foc,b• 

where,· 
Koc • organic carbon partition coefficient, and 
r ... b,• fraction of organic carbon in bed sediment, assumed to be 4 percent • 0.04. 

Koc values discussed in Appendix A. 

Apparent Effects Threshold 
Effects Range-Low 
Equilibrium Partitioning 
High molecular weight 

Lowest Effect Level 
No.Bft'cct Level 

. Toxicity Reference Value 
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TERRESTRIAL PLANT TOXICITY REFERENCE VALUES 

(Page 1 of 14) 

- ----- --

.. 
Basis for TRV ·.· :':·. · · 

: •'•, 
··.;'• ...... :.' . . . :· . -: : ::·F~~~.' . _: ;·'· .. :· . ·: ··~·::~···:: 

·!I • .. 
.-:• 

·:::·.·· ~ 

:.;}~~:r:. ... · . .:·:.~:· .. ·.. . . ·::· 

Co~ pound 
Duration and Test · Conc~ri~8:tion • Uncertainty:(. ·.,.: Rei'erence and Notes 4 

Endpoint • Organism ·· '· . ·<·:-·::-::. · Factor~ ··f : .. ':: ... :5~:: .. ~,-~: ... :~--~ •,·••. ,;,:.,~·-·. 

"• t· .. 

Polyehlorlnated~p-dloxlns (JJg/kg) : .. 

2,3,7,8-TCDD .. -- -- .. - Toxicity value·not iden~ed. 

Polyauelear aromatic hydrocarbons (P AH) (J.tg/kg) ; 

.. 
Total high molecular weight (HMW) Chronic NOA'EL Wheat 1,200 Not 1,200 BCJ.lZO(a)pyreno'toxicity)JSCd as 
PAH applicable representative toxicity o'r'all HMW 

~~.'Ibis TR.V may bi~d to 
c~cterize risk of totalHMW P AHs ... 
to terrestrial plants. :-t~: 

... 
Benzo(a)pyrene Chronic NOAEL. Wheat 1,200 Not· 1,200 .Sims and Overcash ( 1983) 

applicable .. . . 
Benzo(a)anthracene Not available .. -- .. 1,,200 Toxicity value not availahle. , 

B~o(a)pyreno used as swrogate. 

Benzo(b )tluoranthene Chronic NOAEL Wheat 1,200 Not 1,200 ~iins and:·overcash ( 1983). 
applicable .. .. 

Bcazo(k)tluorantbene Not available -- - -· ' 
1,200. Toxicity value not avililable. •' 

. [f•. ·aenzo(a)pyrcne used as surrogate . 
"' 

Cluysene Not available -- .. -- '1,200 . Toxicity value not ava~le. 
Bcnzo(a)pyrcne used~ surrogate. . . 

-·· ....... 
Dibenz( a,h)anthraccne Not available -- ·- -· ·t,200 ToxicitY value not av.uable. 

~enzo(a)pyrene used as ~ogate. ; .. 

lndeno(l,2,3-cd)pyrene Not available , -· -- -- 1,200 Toxicity value not available. 

-------~ 

Benzo(a)pyrene used a.s surrogate. 
-- ~--- -- --- - ------- --- ---- -- ----- -- --- -- . --
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--- --------- ----

Compound 
., 

Polychlorinated biphenyls (PCB) (.uglkg) 

Aroclor 1016 

Aroelor 1254 
-. 

Nltroaromatlcs (.uglka} 

1,3-Dinitrobcnzene 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

Nitrobenzene 

Pentacbloronitrobcnzcne 

Phthalate esters {llglkl)~ 
" 

Bis(2-etbylhexyl)phtbalatc 

Di(n)octyl phthalate 
,:,. 

Volatile organic compounds (.ug/kg) 
. 

Acetone 

Acrylonitrile 

Chloroform 
-~--

TERRESTRIAL PLANT TOXICITY REFERENCJ.j: VALUES 

(Page 2 of 14) 

- --
. ~ :=:: :' . . ···' 

Basis for TRV 

Concen~~~·tlon Duration and Test Uncertainty ' ·mvc 
Endpoint • Organism Factor b 

.. -- -- ·- 10,000 

Chronic NOAEL Soybean 10,000 Not 10,000 
shoot weight applicable 

.. ·- -· -- -
-- -- -- -- -
.. -- -- -- -
.. -- -- .. -. 

.. .. -- ·- ~ 

. 

.. ·- -· -- -. .. -- -- ·- ~ 

: .. .. -- -- ·- -
.. .. -· -- -
.. -- -- ·- . -

- ---- -------- --- ------

·-
~ 

'• 
-

: ... ·. =·.h~ii .. ~.: .. ·:· ··: :-"'' 
.,. ... 

. · . ·.::::)·. :,;:.· .. ,~:=····· .. 

' . . . Reterence and Not~ 41 

=, :-: ...... :~;=~·f..'·· p:;· .. :.·· . ~· ... ! 
·; i· 

·. " 

No toxicity value available, Aroclor . 
_1254 TRVadopted as sturOgate. . 

Value for toxicity of Aroclor 1254 
(Weber and Mrozek 1979). 

. .• 

~ 

T9xicity value not available. . 
Toxicity value not avai!aJ)lc.. 

Toxicity .value not availa1>1c. 

Toxicity value not avaiiable. : 
A 

Toxicity value not available. I 

Toxicity value not available. 

Toxicity value not available. 

... 
Toxicity valu·e not available. 

Toxicity value not available. 

Toxicity value not availabl~. 
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TERRESTRIAL PLANT TOXICITY REFERENCE VALUES 

(Page 3 of 14) 

Basis for mv · ·++·:.:" · : .:.~ ::;,::,.;·. ·.:.(:.;. · · ',',~\:<::·:'·:::·;y~;i:'i;'\:':rr ., ''::i'l,) 

C d Duration and . Test c' .{.:' tl Uncertainty :· TRV c . . Rd-er~~ce llD~ N~tes d 
ompoun E d . t • 0 1 oncen.4 a on F b : , , . • , , .. · n pom rgan sm ··.:. · . · actor · ·.. . . . . · · ":;~~· ·· · · · 

Crotonaldchydc •· -- -- -- - :roxicity value not av~lc. 

1,4-Dioxanc · · -- -- -- -- - ·Toxicity value not available. .. 

Fonnaldchyde -- -- -- -- - .. Toxicity value not available. 

Vinyl chloride -· . _ - -- -- -- -- •• . · Toxicity value not availiibte. 

Other chlorinated or&anlcs (JJg/kg) 

Hcxachlorobcnzene -- -- -- -- - .Toxicity value not available. 

Hcxacblorobutadicnc -- -- •• -- - Toxicity value not available. 

Hcxachlorocyclo~l_t~diene Acute EC50 Lettuce 10,000 0.01 . : 100 Hulzcbos etal. (1993) 
growth 

Pcntachlorobcnzcnc -- •• -- -- - Toxicity value not avaiiablc. 

Pentachlorophenol. Chronic LOAEL Rice 17,300 0.1 1,730. Nagasawaetat(l981) 

PestJddes (Jlelke) 

4,4'-DDB · ·-· · -- -- - -- ; - . Toxicity value not av~ilable. 

Heptachlor Chronic NOAEL Carrot 1,000 '·Not 1,000 Ahrens and Kring (1968). 
applicable : 

Hexachlorophene ... :-.--. -- -- •• -- - Toxicity value not av~il~~le~ __ 
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Compound 

... 
Inorpnlcs (m~g) 

Aluminum 

·-

Antimony 

Arsenic 
\ 

Barium 
... 
.... 

Beryllium 

Cadmium 

Olromium (hexavalent) · · 

Copper , . '. !,"':-r ::. 

Cyanide, total 

Lead : 

Mercury (inorganic) 

Methyl mercury 

.·-
TERRESTRIAL PLANT TOXICITY REFERENCE VALUES 

(Page 4 of 14) 

: 
. . · ..... , .. : . ::·.·:r:··· . ... 

Basis for TRV 
.. 

Duration and Test ConcentratiQn 
Uncertainty . TRV 1 :R~ference and NQtes 4 

Endpoint • Organism Factor b 
: ::· ....... ·.:· . 

Subchronic White clover 50 O.lc s Mackay et at. (1990) 
NOAEL seedling 

establishment 

Not specified Not spec!fied 0.1 e 
.. o.s Kabata-Pendias and Pendias ( 1992) 5 

Chronic LOAEL Com yield 10 0.1 1 Woolson et al. (1971) 
I (weight) 

Chronic LOAEL Barley shoot 500 O.Ole s Chaudry et al. (1977) 
growth 

Not specified Not specified 10 O.Olc 0.1 Kabata-Pcndiu and Pen~ (1992) 

Chronic LOAEL Spruce 2· O.lc 0.2 Burton et al. (1984) 
seedling 
growth ... 

•. 

Subchronic Lettuce 1.8 0.01 0.018 ~dema and Hazen (1989) . 
EC50 growth 

Chronic LOAEL Barley . 10 0.1 1.0 Toivonem and Hofstra ( 1979) 

-- -· .. - Toxicity value not available. 

Chronic LOAEL Senna 46 0.1 4.6 ~sbnayya and Bedi (19S6) 

Acute Barley . 34.9 O.Olc 0.349 P~da et al. (1992) 
NOEC 

-- ... .. .. . . - Toxicity value not available. 
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Nickel 

Selenium 

Silver 

Thallium 

Zinc 

Compound 

.. ~ 
.. 

TERRESTRIAL ~LANT TOXICITY REFERENCE VALUES 

(PageS of 14) 

Basis for TRV : 

Duration and Test Concentration 
Uncertainty ·.TRV'· 

Endpoint • Organism Factor 11 

Chronic NOAEL Bush bean 25 Not . 25 
shoot growth applicable · · 

S\.lbchronic Alfalfa shoot 0.5 0.1 . 0.05 
NOAEL weight 

Not specified Not specified . 2 o.ot• 0.02 

Not specified Not specified 1 o.or• · 0.01 . 

Chronic LOABL Spring barley 9 0.1 ,. 0.9 

~-~ -

-=··: • .. 

Reference and Notes 4 

-r. 

Wallace et at. (1977) 

·wan et at. (1988) 

~bata·Pendias and Pendias ( 1992) 

· Kabata·Pendias and P~ ( 1992) 

Davis, Beckett, and Wollan (1978) 
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TERRESTRIAL PLANT TOXICITY REFERENCE VALUES 

(Page 6 ofl4) 

Notes: 

a To evaluate exposure duration, the following general guidelines were used: Chronic duration represents exposures occurring about 10 or more days, including exposure during a 
criticollife stogc. such us germinotion and shoot development. Subchronic duration generally lasts 2 days through several days, however a sensitive life stage is not exposed. 
Acute duration generally includes exposures occurring 0 to 2 days. 

b Uncertainty factors are used to extrapolate a toxicity value to a chronic NOAEL TRY. See ChapterS (Section 5.4) of the SLERAP for a discussion on the use of uncertainty 
factors. . · 

c TRY was calculated by multiplying the toxicity value with the uncertainty factor. 
d The references refer to the source of the toxicity value. Complete reference citations are provided below. . 
e Best scientific judgment was used to identify uncertainty factor. Sec Chapter 5 (Section 5.4. 1.2) for a discussion on the usc ofbcst scientific judgement. Factors evaluated include 

test duration, ecological relevance of endpoint, and experimental design. 

ECSO 
HWC • 
LOAEL • 
NOAEL • 
NOEC • 

Effective concentration for 50 percent of the test organisms. 
High molecular weight 
Lowest Observed Adverse Effects Level 
No Observed Adverse Effects Level 

0 TRV • 
I 

No Ob~ed Effects Concentration 
Toxicity .. Rcferencc Value 

...... 
00 

. ........_ 
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SOIL INVERTEBRATE TOXICITY REFERENCE VALUES 

Com~ound 
Duration and 

Endpoint• 

Potycbtorlnateddlbeiiz~p-dlox ins (Jlg/kg) 

2,3,7,8-TCDD . Chronic (85-day); no 
mortality reported at 

5,000 ~g/kg 

Polynuclear aromatic: hydrocarbons (PAH) (J.tg/kg) 

TRV 

Test Species 

Earthworm 
(AIIo/obophora 

callg/nosa) 

(Page 1 of 12) 

.. 

~ 
'r. 

~ 

" . ..,._. ~-Uqc:ertalnty·t·,_ .. '·'·'-1::·_ ·· 
Conc:ent~tihli" . F~ctor b : fRv.~:~.' :t>;_ :. .. :;··. :·· .. :·jererence and Notes d . ft 

5,000 0.1• soo: 

-~ 
!' 

Toxlcitfvalu~ for 2,3,7,8-TCDD (Reinecke and Nish · -~ 
1984). UF applied to concentration beausc mortality ~ · 
only endpoint avail~ble ~d data not subjected to - · p : 
statistical analysis. . · :! J 

~ ( 

1 1 1 1 1 1 
Benzo(a) pyrene used as surrogate.for HMW PAH :_ J ., 

1 
I compo~nd.s. ~ ~l 

-~ 

25,000 TotaiHMWPAH Not available 

Benzo(a)pyrene 

Benzo(a)anthracene-

Benzo(b )ftuoranthcne 

Benzo(lc)ftuoranth~e 

Chrysene 

Dibenz(a,h)anth~e .. 

lndeno( 1,2,3-ed)pyrene 

Chronic {28-day) 
NOAEL for growth: 

Not available 

Not available 

Not available 

Not available 

Not available 

Not available 

Woodlouse 
(Porce/lio 
scaber) 

25,000 Not 
applicable 

25,000 I van Straalen and Verweij { 199 I) 
~ 

25,000 

25,000· 

~s.ooo 

25,000 

25,00~ 

.·)~ .. t' 

p 

Toxicity vatu~ not available. TRV for benzo(a)pyrepe ~ 
used u surrogate. · : . :: 11 , 

Toxici~ value not available. TRV,for benzo(a)p~e . -~ 
used u surrogate. ~ 

Toxicity ~alue not 'available. TRV for benzo(a)pyiene J 
used u surrogate. · · · ~ • : 

• . .. . . .. . •:_ ·.;!I 
Toxictl)' value not available. TRVfor benzo(a)pyrene & 
used u surrogate. · . · P 

. u 
Toxicity value not available. TRY for benzo(a)py,cne J 
used u IUn'Ogate. . • · =-= · · ' · . . 

25,000 I Toxicity value not available. TRY for benzo(a)pyrene 
used as surrogate. 
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SOIL INVERTEBRATE TOXICITY REFERENCE VALUES . . 

(Page 2 of 12) 

------ ------ ---.. . ·::. -· ... ·:=:·:: . '\' ;,;· 
TRV .. 

·-
Duration and . Uncertainty '. 

.. 
Compound Endpoint• · Test Species Concentration Factor b · mv• .. .. .. . Refer~ilce au·d Notes d 

Polychlorinated biphenyls (PCB) (J.Ig/kg) 

Aroclor I 0 16 Acute median LC50 Earthwonn 251,000 0.01 2,.Sto Rhett et al. (1989). Par. collected for Aroclor XXXX. 
(Eiseniafoetida) 

Aroclor I 254 Acute median LC50 Earthwonn 251,000 0.01 2,510 Rhett~ il, (19S9.). Data collected for Aroclor XXXX. 
(Eisenia foetida) .. 

Nltroaromatlcs (}.le1Jcg) ~-

1 ,3-Dinitrobenzene -- ·- .. .. 2,260 Toxicity value not available. Nitrobenzene used~ 
surrogate.. 

-
2,4-Dinitrotoluene .. .. .. . . - Toxicity value not available. 

' 2,6-Dinitrotoluene .. .. .. .. - Toxicity value not available. .. 

Nitrobenzene Subchronic Earthworm 226,000 · 0.01• 2,260 Neuhauser et al. '(1.986). -
(I 4-day) LC50 (species 

uncertain) .. 
. ':. 

Pcntachloronitroben~ene .. ·- .. .. Toxicity value not available. (~ . .. . . ··-
Phthalate esters ~rJkg) 

Bis(2-ethylhexyl)phthalate -- .. .. . - - · Toxicity value not a~lable. · · : f:. 
Di(n)octyl phthalate .. .. .. .. - Toxicity value not available . 

Volatile oreaalc compounds (J.Ig/kg) I .. 

Acetone -- .. -- -- - Toxicity value not available. 

Acrylonitrile .. -- .. -· ;.. T!>xiclty value not available. .. 
Chlorofonn ·- -- -- -- - Toxicity value not available. 

-------
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C1 
I 

N ..... 

.. 
Compound 

Crotonaldehyde 

1,4-Dioxane 

Formaldehyde 

Vinyl chloride 

Other cblorlnated organics· {).lg/kg) 

Hexachlorobenzcne 

Hcxachl.orobutadicne 

Hcxachlorocyclopcntadicnc 

Pcntachlorobcnzcne 

Pentachlorophenol 

· Pesticides V£""1): ~ . 

4,4'-DDE 

Heptachlor 

Hexachlorophene 
I 

In organics (mg/kg) 
: I Aluminum 

SOIL INVERTEBRATE TOXICITY REFERENCE VALUES -· 

(Page 3 of 12) 

-------

TRV 
... ·., 

::'~:.!;:-::.:::: ··~ . . \. _:.: . -:-;· .. ·.: .· . 
::,·::,'' .. :· . 
. ·. ..=:··. :· .. :··.· .::.: . 

Duration and 
Conceni~~lon : 

. Uncertainty'' .. , .... · ·:··: ·:~,;.;_, · ·.):\~:h· · · ,:,~}\tererince and. Notes d Endpolnt 1 Test Species .... Factor b. •. TRV~ 

.. .. - -- - ToXicity value not available .. 

-· -- -- -- - Toxicity:value not available. 

-· -- -- -- - Toxicity value not available. 

-· -- -- -- - Toxicity value not available. 

. -· 
- -- -- - - Toxicity value not available. 

-- -- - - - Tox~city value not available. 

-- -- -- -- - Toxici~ value not available. 

LC50 of unspecified Earthwonn 115,000 o.o1• 1.tso van Ocst~l ct al. (1991) ··-
duration (species 

uncertain) 

Chronic (21-day) Earthwonn 10,000 Not 10,1)()0 van Oeste! et al. (1988) 
NOAEL for hatching (Eisenia andrei) applicable 

success 

... 

.. ·, -- -- - - - Toxicity value not available. 

.. -- -- -- - Toxic!~ value not available. 
·= .. -- -- -- - Toxicity yalue not available. 

·- _'I__ -- ol -:___ I_ ____ - __ _I_~- . ·Toxicity value notavailabte. 

~ 
,. 

~ j 
I 

j 
---

,I 

~ 
·; ... 't· 
~ 

~ 
~ 

~ I 

i 
:l 
:f 

~ 
~ 

ti 
~ 
:1-

:I" 
~ 
; 

~ 
" ~ 

;~ :. 
ti 
). 

~. 
! 
•l 

!! 

:~ 
. ··- ·-:1 

' 

,., 



(j) 
I 

N 
N 

0 -~ 
\' 

.. 
SOIL INVERTEBRATE TOXICITY REFERENcE VALUES 

(Page 4 of 12) .. 

TRV ::::: .;.:· : ·:t::::·•: . .. 

Duration and .,: Uncertainty . . · · ·· · ·· ... '·::(;r:. ·. , .. •: - ;:. 
Compound Endpoint I Test Species Concenihitlon Factor b . mv.• .;:,: . . ;:::::;':Reference and.Notes d 

Antimony -- •• •• •• - Toxic;iiy value not .available. . .. .. 

Arsenic Chronic (56-day); Earthworm 25 0.0 I" 0.2S Fischer and Koszorus (1992) • 
reduced cocoon (Eisenlafetida) 

production reported .. . 
at single · ~· 

concentration tested f: 

Barium -· •• •• •• - Toxicity value not available. ~ 
Beryllium -- •• •• · •• - Toxicity value noravailable. .. 

1

{ 

Cadmium .. .. Chronic (4-month) Earthwom1 10 Not 10 Bengtsson and etal. (1986) _ .. ' 
NOA EL for cocoon (Dendrobaena applicable • 

production rubida) 

Chromium (hexavalent) Chronic (60-day); . Earthworm 2 0.1" 0.2 A~basl and Son! (1983) . ~ 
survival reduced 25 · (Octochaetus ·· · 

percent at lowest pattoni) - _ t{ 
tested concentration 

I~---------------------+-------------4----~----~~---------+--------~----~------------------~~----------~~-
Copper Chronic (56-day) Earthworm 32.0 Not 32.0 Spurgeon et al. (1994) ~ 

·· NOAEL for cocoon (Eiseniafetida) applicable · · -- t 
production ' ~ 

Cyanide, total .• ii'1;, -- - - - - Toxlcltyvaluenotavailable. ··~i' . ~ ·. ~· 
~--------------------+-------------r---------~~--------~--------~----~--~----------------------------fl~. 

Lead Chronic (4-month) Earthworm . 100 Not 'tOO Bengtsson et al. 1986 it· 
NOAEL for cocoon (Dendrobaena applicable : . · 

'. production ntbida) '-:at:.• .. · -.. ..;· . 

Mercury Not available -- -· •• 2.S Toxicity value not available. TRV for methyl mercury l 
• l used as a surrogate. · 

L..-------------'---------'---------Ji.------.L-----..i.----L----....;;--------------~ ... 

~ 
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Cofi!P_ound 

Methyl mercury 

Nickel 

Selenium 

Silver 

Thallium 

Zinc 

.. •! 

SOIL INVERTEBRATE TOXICITY REFERENCE VALUES 

Duration and 
Endpoint• 

Chronic ( 12-week) 
NOAEL for segment 

regeneration and 
survival 

Chronic (20-week) 
NOAEL for cocoon 

production 

Chronic; reduced 
cocoon production at 

single tested 
concentration 

Chronic (56-day) 
NOEC for cocoon 

production 

TRV 

Test Species 

Earthworm 
(Eisenia foetida) 

Earthworm 
(Eiseniafoetlda) 

EarthwoJ11l 
(Eisen Ia foetida) 

Earthworm 
(Eisetrlafetida) 

(Page 5 of 12) 

Concentration 

2.5 

100 

77 

199· 

Uncertainty 
Factor b 

Not 
applicable 

Not 
applicable 

O.lc 

Not 
applicable 

•.!· ·,::-::. 

.fit~:<.•···· . : . d 
. ":!: Reference and Notes 

2.$ 

tOO 

7.7 

Beyer et al. (1985). Wet weight NOAEL of I mglkg 
converted to cotresponding dry weight NOAEL based on; 
60 peri:cnt moisture content. Uncertainty factor ofO.I 
used because segment regeneration may not be a sensitive 
endpoinL. 

Malecki et al. (1982) 

Fischer and Koszorus (1992) 

Toxicity value not available. 

Toxicity value not available. 

199 . I Spurgeon et al. (1994) 
:., 

L:· 
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SOIL INVERTEBRATE TOXICITY REFERENCE VALUES. 

(Page 6 of 12) 

Notes: 
a ·duration, the following general guidelines were used: Chronic duration represents exposures occurring about I 0 or more days, including exposure during a critiC?~~ life stage 

encompassing a sensitive endpoint. Subchronic duration generally lasts 2 days through several days, however a sensitive lifo stage is not exposed. Acute duration generally incl~des · 
exposures from 0 to 2 d:1ys. . · 

b Uncenainty factors are used to extrapolate a toxicity value to a chronic NOAEL TRY. See ChapterS (Section 5.4) of the SLBRAP for a discussion on the use ofuncenainty factors. 
c TRY was calculated by muliiplying the toxicity value with the uncertainty factor. ~' 
d The references refer to the source of the toxicity value. Complete reference citations are.provided below. . 
e Best scientific judgment uscJ to identify uncertainty factor. See Chapter S (Section 5.4.1.2) for a discussion on the·use of best scientific judgement. Factors evaluated include test duration, 

ecological relevance of measured effect, experimental design, and availability of toxicity data. · 

HMW • 
LC50 
NOABL • 
NOEC • 
UF • 
TRY 

High molecular weight 
Concentration lethal to SO percent of the test organisms. 
No Observed Adverse Effects Level 
No Observed Effects Level 
Uncertainty Factor 
Toxicity Reference Value 

,{ 

.. c... .i(.. 

=·~· i·., .• 
;~ ··~.J( 

-~··.::~ .-: ... 
" If.. ·~ 

-r.; 

~ 

~·. 

ri 

• ~ 
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MAMMAL TOXICITY REFERENCE VALUES 

(Page 1 of 1~) 

----- ----- --·--

Basis for Toxicity Referen~e Val~e:~'\1) · .. .. ·:;:;':fit~:-\:· : . . . ....... ·. 

'TJ~se • Com~uad, Duration and Endpoint • Test ·uncertainty ·;: 

Organism 
,··. ... 

:·::· .. :···: Factor• · ····. 

Polycblorlnateddlbeazo--p-dloxlns V-lglkg BW-day) 

2,3,7,8-TCDD 
;. : ; 

Chronic (multigenerational) Rat 0.001 Not 0.001 
NOAEL for reproduction applicable 

Polynuclear aromade hydrocarbons (PAH) V-lg!kg BW-day) 

Total high molecular weight (H M W) .. .. -- -- . 100 
PAH 

.. 
Benzo(a)pyrene Acute (I 0 days) LOAEL Mouse 10,000 0.01 . 100 

(reproductive effects) 

Benzo(a)anthracene Single dose LOAEL Mouse 16,666 0.01. 167 
(gastrointestinal effects) 

Bcnzo(b )fluoranthenc .. -- - .. -
Bcnzo(Jc)fluoranthcne .. .. . - - .... 

Oryscne ·- .. . - .. -
Dibenz(a,h)anthracene Subchronic ( 15 days) LOAEL Rat 200 o.o1• 2 

•· (reduced growth rate) 

lndcno(l ,2.3-cd)pyrcile . .. .. - .. -

. • .:::.}~\>·:~:~~:;,: :_ .. · . . 
. ·•~:::•·:(·: ·Reference and Notes • 

I· 

. :;;;;:~;:: . ..·:. n I ·:··:.· '· 

~ I 

Murray et al. (1979). TRV based on toxic:ity of·; 
2,3,7,8-TCDD. li 

··-,. 
·•· 

TRV based on benzo(a)pyrene toxicity. This 
. TRV should be assessing the ri~ of Total HMW 
. P~H •. · · ~ 

J; 

MackenZie and Angevine (I 98 I) 1; 
f. 

Bock and-King (I 959) 
.. 

ToxiCity value not available. ·. !I 
Toxicity value not available. a ..,, 
.. t: Toxicity value not available. 

·Haddow eta!. (1937). 
:. 
" • -~ 

Toxicity value not avai!ab!e. " 
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MAMMAL TOXICITY REFERENCE VALUES 

(P~ge 2 of 15) 

Basis for Toxicity Reference Value (TRV) 
TRY 

Compound Duration and Endpoint • Test Doseb Uncertainty 
On~anlsm Factor • ' 

Polychlorinated biphenyls (PCB) (t-tg/kg BW-day) 

A roc lor I 0 16 Subchronic ( 14.5 weeks) LOAEL Mink 20.6 0.01 0.206 
(mortality) 

. 
Aroclor 12S4 Subchronic ( 14.5 weeks) LOAEL Mink 20.6 0.01 '0.206 

(mortality) 

Nltroaromatlc:s ~elkl BW-day) . 
1,3-Dinitrobenzenc Chronic (16 weeks) NOAEL Rat 1,051 1.0 1,051 . 

2,4-Dinitrotoluenc Chronic (24 months) NOAEL Dog 700 1.0 '· 700 

2,6-Dinitrotoluene . Single dose LOA EL (mortality) Dog 4,000 0.01 .400 

Nitrobcnunc -- -- .. .. -
Pcntachtoronitrobenzenc Chronic (2 years) NOAEL Mouse 458,333 1.0 458)33 

Phthalate estert ~g/k& BW-day) 

Bis(2-crhylhexyl)phthalate Chronic (2 years) NOAEL Rat 60,000 1.0 60,000 

Di(n)octyl phthalate Chronic (I 05 days) NOAEL Mouse 7,~00,000 1.0 7,50,0,000 

Voladle organic compounds (,ug/kg BW-day) 

Acetone Subchronic (90 days) NOAEL Albin.o Rat,. 100,000 0.1 10,000 
male 

Acrylonitrile Chronic (2 years) LOAEL Rat 4,600 0.1 
., 

460 
(lesions and other organ effects) 

Chlorofonn Chronic (80 weeks) NOAEL Mouse 60,000 1.0 60,000 

.. 
Reference and Notes • 

l -:· .. •• 
::.:_ .... ! 

l 
t 

j 
. Aulcrich et aJ. (198S). TRY based on toxicity of i 
· 3,4,5-hcxacblorobiphenyl. · · . I~ . 

Aulcrich et aJ. (1985). ·TRY based on toxicity of .. . ' 
3;4,5-hcxachlorobiphenyl.1·. 

':• 

Cody ctal. (1981) I• . 

. Ellis ct aJ. (1979) · 
.. 

Lee ct al. (1976) 

Toxicity value not available. 
. -· 

·National Toxicology Program ( 1987) 

I" . 

:c.rpentcretal. (1953). 

.Heindel c~ al. (J 989) '· 

• :J:: 

i U.S. EPA (1986) 
·' .. 

Quast ct ai.' (I 980) 
i 
~ 

' 

Roc et at. (1979) 



Compound 

Crotonaldehyde 

1,4-Dioxane 

Formaldehyde 

Vinyl chloride 

MAMMAL TOXICITY REFERENCE VALUES 

(Page 3 of 15) 

Basis for Toxicity Reference.Valu~ (f~V) · ... ·~\,:/:;!>.< · 
... 'TRV · 

Duration and Endpoint • Test · UncertaintY , . .'· '· -:>/=t.::·, · 
Or-g_anlsm · Factor • .. , · 

.. ·· .. '· . 

,~~' '~·;;·~;;;._nee IDANot"' 

... ····· ·•·,·,,· 

Acute (4-hour) LDSO Rat· I 8,000 0.01. 80 . I: Rinehart (1967) 

Chronic (23 months) LOAEL 
(lung tumors) 

<;Juinea Pig I 1,069,767 0.1 106;777- l·k~h-Ligeti and Argus (1970) 

Acute (single dose) LOAEL 
(mortality) 

Chronic (2 years) NOAEL 

Rat 

Rat 

230,000 

1,700 

.. 
0.01 2;300 Tsuchiyi et al. (1975) 

0.1 170 · Feron et at. (1981) 

Other chlorinated OI'Janlc:s Vl&lkg BW-day) 

c;') 

;) 
Hexachlorobcnz.cne · 

~ II Hexachlorobutadiene 

Hexachlorocyclopentadlene 

Pentachlorobcnzene · 

Pentachlorophenol 

Pestlddes ~efkl BW-day) 

4,4'-DDE 

Heptachlor 

HexachlorOphene 

lnorpnlc:s (mglkg OW-day) 

Aluminum 

Chronic (>247 days) NOAEL 

Chronic (2 years) NOAEL 

Subchronic ( 13 weeks) NOAEL 

Chronic (180 days) NOAEL 

Subchronic (62 days) NOAEL 

Subchronic (5 weeks) NOAEL. 

Subchroni~ (60 days) LOAEL 
(mortality) · 

Acute LDSO 

Chronic (>I year) LOAEL 
(mortality) 

Rat 1,600 

Rat 200 

Rat 38,000 

Rat 1,250 

Rat 3,000 

Rat . 10,000 

Rat 250 

Rat 560,000 

Rat 0.66 

1.0 1,600 Grant et ~. (1977) 

1.0 200· K0ciba et al. (1977) 

0.1 3,800 J.IMfo et at. (1984) 

1.0 1,250 · Linder et at. (1980) 

0.1 300 Schwetz et al. (1978) 

0.1 1,000 Komburst et al. (1986) 

0.01 2.5 ·areen (1970) 
•!t 

0.01 5600 Meisler (1994). 

0.1 0.066 Schroeder and Mitchner ~1975) 

~ 

-~ 
• '1 

j 
·i 

-~ 

... 
·I 
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MAMMAL TOXICITY REFERENCE VALUES 
' !', 

(Page 4 of 15) l .. 
I 

Basis for Toxicity Reference Valu-;d'RY.): ~.-;. ;._,:::~k::-: · -:.' ~,,,,,,._,·,·::··'\St:::·:;:_; · !'· 
. . . :·: . .. .. ::. tit'V:' .16-• k . ··.:· Reference and Notes • · 

Compound Duration and Endpoint • Test . Dose 11
. Uncertalntr ~11¥f\~?" · · '<(<·· · · j 

1 Organism Factor' . ·· · 

Antimony Chronic ( 4 years) LOAEL Rat 0.66 0.1 0.066 Schroeder e~ al. (1 970) 
(mortality) · . 

Arsenic Chronic (2 years) NOAEL Dog l.2S 1.0 1.25 Byron et aJ.. (1967) 

Barium Chronic ( 16 months) NOAEL Rat O.Sl 1.0 0.51 Peny et al. (1983) 

Beryllium Chronic (>I year) NOAEL Rat 0.66 1.0 0.66 Schroeder and Mitchner (T97S) 

Cadmium Chronic (>I 50 days) LOAEL Mouse· 0.417 0.1 0.0417 ~chroeder ~d Mitchner (1971) 
(mortality) 

I : !. 
Chromium (hexavalent) 

. ~ . 

Copper 

Total Cyanide 

Lead 

Mercury (inorganic) 

Methyl mercury 

Nickel 

Selenium 

Chronic (I year) NOAEL Rat 1.0 0.06 MacKenzlnt aJ. (1958) •• 

Subchronic ( 183 days) NOABL I Mink I 6.85 I 0.1 · I 0.685 . I Aulerich et aJ. (1982) 

Chronic (2 years) NOAEL I Rat I 24 I 1.0 I 24 I H9ward and Hanzal (19SS~. 

Chronic (>I 50 days) LOAEL I Mouse I . 6.25 I 0.1 I' 0.625 I ·schroeder-and Mitchner (1971 )· 
(mortality) 

Chronic (6 months) NOAEL 
(reproduction) · 

Subchronic (93 days) NOAEL 

Chronic (2 years) NOABL 

Chronic(> I 50 days) LOAEL 

Mink '1.01. 

Rat . 0.032 

Rat 8 

.Mouse 0.01 

1.0 :t.OI Aulerich et al. (1974) 
: . •• . ' j,!.l 

1.0 0.032 Verschuuren ~t aJ. (1976) 

1.0 8 Ambrose 'et al. ( 1976) 

0.1 0.001 'Schroeder and Mitchner (1971) 

1-" 

(mortality) · ,;I 
I I~ 

Silver 

Thallium 

Chronic ( 125 days) LOAEL 
(hypoactivity) 

Subchronic (60 days) LOAEL 
(testicular function) · 

Mouse 3.75 

Rat 1.31' 

0.1 0.37S. Rung by ~d Danscher ( 1984) 

o.oJ• 0.0131 .Fonnlgll et al. (1986) 
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Notes: 
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b 
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d 
e 

Compound 

MAMMAL TOXICITY REFERENCE VALUES 

(Page 5 of 15) 

I Bull for Toxicity Reference Value'(T~V) .:, .. -.. !"'" .. :,~·':· ,. ::':.:::· · 
.. . . ' .. · TRV 

I I .Po$e b I . Duration and Endpoint • 

Subchronic (I!_ weeks) NOAEL 
.'I,. 

T4!St 
Organism 

Mouse 

.t::;·.<::: 
Uncertahity ~: 

Factor• · .. ·:·:·· .. ·~·~. i::./t:·: 

104 0.1 . 10.4 

.-.:~·: := .:·. ~.:.:.::~~~r·:.::~: :· 
Reference and Notes 4 

· .. :/{'.":: 

Maita et at. (1981) 
._c. 

The duration of exposure is defined as chronic if it represents about I 0 percent or more of the test animal's lifetim.e expecrMcy, Acute exposures represent single exposure or multiple 
exposures occurring within about two weeks or less. Subchronic exposures are defined as multiple exposures occurring for less than 10 percent of the test animal's lifetime expectancy but 
more that 2 weelcs. . · · · 
Reported values, which were dose in food or diet, were converted to dose based on body Weight and Intake rate using Opresko, Sample. and Suter 1996. · .• ,, 
Uncertainty factors are used to extrapolate a toxicity value to a chronic NOAEL TRY. See ChapterS (Section ~.4) for a dlscunlon on· the usc ofuncertainty factors. The TRY was 
calculated by multiplying the toxicity value by the uncertainty factor. . · · · 
The references refer to the study or studies from which the endpoint and doses were identified. Complete reference cltitlons are provided at tho end of this table.· 
Best scientific judgement used to identify uncertainty factor. See ChapterS (Section 5.4.1.2) for a discussion oft~c use ofbcst sclentiflcjudgcment ·Factors. evaluated include test 
duration, ecological relevance of endpoint, experimental design, and availability of toxicity data. . . ~·· 

HMW • 
LD50 • 
LOAEL • 
NOAEL • 
TRY • 

High molecular weight 
. Lethal dose to SO percent of the test organisms. 

Lowest Observed Adverse Effect Level 
No Observed Adverse Effect Level 
Toxicity Reference Value 
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Compound Duration and 
Endpoint • 

Polychlorlnateddlbenzo{p)dloxlns (11g/kg BW-day) 

2,3, 7,8· TCDD 
i 

Subchronic (I 0 weeks) 
NOAEL 

Polynuclear aromatic hydroc:arbons (PAll) (.ug/kg BW-day) 

Total high molecular weight (HMW) --
PAH 

Bcnzo(a)pyrene Acute 
NOAEL 

Bcnzo(a)anthracene Acute LD50 

Bcnzo(b )fluoranthene --

Bcnzo(k)fluoranthene Acute LD50 

Chrysene Acute 
LOAEL 

Dibenz(a,h)anthracene Acute LD50 

lndcno( 1,2,3-cd)pyrene Acute 
LOAEL 

.. ·~ 

BIRD TOXICITY REFERENCE VALUES 

(Page 1 of 13) 

Basis for TRY 
·TRV Refe~nce and N9tes' 

Test Doseb · Uncertainty 
Organism Factor« .. 

Ring-necked 0.01 . ~ot applicable O.O·J Nosek et al. (1992). TRV based on toxicity of 
pheasant hen 2,3,7,8-TCDD. I 

-- ·- .. 0.14 TRV based on toxicity ofbenzo(k)fluoranthene. lfTRVs 
are not available for all individual HMW PAHs, this TRY 
should be used to as~ess potential risk of Total HMW 
PAH. 'I' 

.:o I 

Chicken 100 0.01 BrunstrOm et al. (1991). 
embryo 

Chicken 79 0.01 0.79 BrunstrQm et at. (I 99 I). ·l 
embryo i' .t 

-- -- -- 0.14 No toxicity data available for benzo(b) fluoranthene .. 
Benzo(k).fluoranthene used as surrogate. 

Chicken 14 0.01 0.14 BrunstrOm et al. (I 99 I). 
embryo 

Chicken 100 0.01 1.0' 13runstr0m et at. (199 I). 
t 

embryo 

Chicken 39 0.01 0.39 Brunstrllrn ~~ at. (I 991 ). ·t. 

embryo 
.• 

Chicken 100 0.01 1.0 · Brunstrllm etal. (1~91). 
embryo •. 

---
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Compound Duration and 
Enc!I!_olot • 

Polyeblorlaated blptienyls (PCB) {Jtg/kg BW·day) 

Aroclor 1016 

Aroclor 1254 

Nltroaromadc:s ~c/kg BW-day) 

1 .3-Dinltrobenzcne 

2,4-Dinltrotoluene 

2,6-Dinitrotoluene 

Nitrobenzene 

Pentachloronitrobenzene 

Phthalate esten ~c/kg BW-day) 

Bis(2-ethylhexyl)phthalate 

Di(n)octyl phthalate 

Chronic (3 monlhs) 
LOAEL (embryonic 

mortalily) · 

Acule LD50 

Chronic (35 weeks) 
NOAEL 

Subchronic (4 weeks) 
NOAEL 

Voladle organic: compounds (~g/kg OW-day) 

BIRD TOXICITY REFERENCE VALUES 

(Page 2 of 13) 

Basis for TRY .·. , :::::'.-j: .:· · 

Test I · . Dosi:i;: .:; I ·.Uncertainty 
. ··.:.:> c O__lllanlsm · .... =,:.:,:':.:, Factor· 

Ring dove 

Red wing 
blackbird 

720 

42.2 

0.1 

0.01 

~:~ ~.;.'~;~:.:~~':" aa~Nt' 
No toxicity data available. Aroc:1or 1254 TR V ~ as 
surrogate.· 

:I 
II 
I 

72 Pcakall'et at. (1972). TRY based on toxicity of Aroclor :) 
'1254 .. 

0.422 I Schafer~l972) ~ 

- , 1 Toxicity value not available. bl~ 
:) 
" Toxicity vatu~ not avail.able. 

ToxicitY value not available. ... 

Chicken 68,750 Not applicable I 68,750 I Dunn-et at. (1979) 

Ring dove 1,110 0.1 I Pcakall (1.974) 
~. 

Ill 

- ·I Toxicity value not available. 

Acetone Acute (S days) NOABL I Cotumix quail I 5,200,000 0.01~ .. 52,ooo.I'Hillancf.~mardese(1986) 
Acrylonitrile - 1 ToxicitY value not available. 
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BIRD TOXICITY REFERENCE VALVES 

(Page 3 of 13) 
~ 

Basis for TRV ·· ::·. ; .. ;.·'.:: :.:' · ·: ·,·: ·. · :)\\\':\:::;; · ...... . 

Compound Duration and Test Doseb .·. . Uncertainty TRV. . t: . ', .:· ' . . '·.R~ference and N~tes • 
Endpoint' On~anlsm Factor c , . , . ·. .. :: h . 

Chlorofonn •· •• -- -- - Toxicity value not available. 

Crotonaldehyde •• •· •• •• - Toxlcltf..~alue not available. -

1,4-Dioxane •• -· -- -- - . . Toxicity ':alue not available. 

Fonnaldehyde •• -- -· -- - Toxicity value not avaliable. _ . -
Vinyl chloride -· -· -- - - Toxicity "'lue not available. _ 

Other ehlorloated or&anlcs (Jtg/kg BW-day) 
tr-------------------------~-----------------~----------r-------~---------~------~------~------------------------------11~ 

Hexachlorobenzene Acute (5 days) NOAEL Cotumix quail 22,500 0.0 I · 225 Hill and Camardese (1986) ' 

Hexachlorobutadiene Chronic (3 months) Japanese quail 3185 Not applicable · 3185 Schwertz et al. (1974) •· 
NOAEL •. 

Hexachlorocyclopentadiene •• ·- -· -· - Toxicity .value not available. 

Pentachlorobenzene •• •• -- -- - Toxicity value not available. ·~ 

Pentachlorophenol Acute (5 days) NOAEL Quail 403,000 0.01 · .iJ,030 . Hill and'-Camardcsc(l986) .. 

Pestfddes {l.te/kc BW;:Cfay) · · · · 

4,4'-DDE · · Acute (5 days) LOABL Cotumi}C quail 84,500 0.01 · 845 Hill and Camardcsc(l986). Test data for 1,1'-DDE used 
(mortality) ai a surrogate for 4,4' -DOE. 

. ... ,: 
Heptachlor Acute (5 days) LOABL Quail 6,500 O.QI ·: 65 Hill an~ Camardese(l986) . .: 

(mortality) · · 

Hexachlorophene Acute LD50 Bobwhite 575,000 0.01 · 5,150 · Melster(l994)· 
quail ' .__ ____________ J__ __ , -· __ ..__ _ __.________ ----------- ,__JL___ __ __._ ___________________ ____u 
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Compound 

lnorpnlcs (mglkc BW-day) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium (hexavalent) 

Copper 

Total Cyanide 

Lead 

Mercury (inorganic) 

Duration and 
Endpoint • 

Acute (4 -days) 
NOAEL 

.. 

Chronic·(7 months) 
NOAEL 

Subchronic (4 weeks) 
NOAEL 

.. 

Chronic (90 days) 
NOAEL 

Chronic (5 months) · 
NOAEL 

Subchronic (10 weeks) 
NOAEL 

Acute LDSO 

Acute (7 days) LOABL 
(altered enzyme levels) 

Acute (5 days) LOABL 
(mortality) 

BIRD TOXICITY REFERENCE VALUES 

(Page 4 of 13) 

Basts for TRV ::· .. .. {,', .. ·:·: 
' 

,•,·. . .. 
·TRV 

.. 
Reference and· Notes • 

Test Do$i'::;· Uncertainty 
Organism ' ' Factor• .. f 

Ringed Turtle 165 0.01 ,. 1.65 Carriere et at. ( 1986) 
Dove 

.. .. - - · · Toxicity value not available. Ridgeway and Kamofsky -, 
· (1952) reported LD50 for doses to eggs; however, that '! 

·value could not be converted to a dose based on . 
post•hatching environmental exposure. 

•' 
U.S. Fish and Wildlife Servic~ '( 1969) 

• I 

Brown-headed · 2.46 1.0 2.46 ,• 

cowbird ~ 

.I 

One day old 208.26 0.1 20.8 Johnson· ~t at. ( 1960) .. 
chick .. 
.. . . .. - Toxicity value not available. 

Mallard drake 11.3 Not applicable . 11.3 White and Finley (1978) 
I 

.' 

Hueltlne etal. (19SS) .. TRV based on trivalent Black duck 1.0 Not applicable . 1.0 ; 

·chromium. .i 
t-day old 46.97 0.1 4.7 Mehring .et al. (1960) 

.. .. ' 

chicks .. 

American 4 0.01 . 0.04. 
·. ·,co . 

Wi~ey~ et at. (1986). Sodium cyjnide is used as a 
kestrel surrogate for total cyanides. ..... ~. ·' 

Ringed turtle 25 0.01 0.25 Kendall and Scanlon (1982) 
dove 

Cotumix quail 325 0.01 3.25 · Hill and Camardcse (1986) 
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BIRD TOXICITY REFERENCE VALUES 

(Page 5 of 13) 

Basis for TRY 

Compound -.. -:···. .· TRV 
Duration and Test Dose ... ,, ' Uncertainty "'4'1 \•'I"~ 

Endpoint • Organism ... Fadorc . ~· 

Methyl mercury Chronic (3 generations) · Mallard 0.064 0.1 0.0064 
LOAEL (mortality) 

Nickel Subchroni~ (5 days) Cotumix quail 650 0.1 65 
NOAEL 

Selenium Chronic (78 days) .. Mall~rd 0.5 1.0 0.5 
NOAEL 

Silver Subchronic ( 14 days) Mallard 1,780 0.1 178 
NOAEL 

? w 
-'=" 

Thallium Acute LDSO Starling 35 0.01 0.35 

Zinc Chronic (44 weeks) Leghorn hen 130.9 1.0 130.9 
NOAEL and New 

Hampshire 
rooster 

·:>· 

. . .. ,·. : .· .. ::-:;;~~:::~;:~:::::' :: .. :'. ~ ., nJ; 

::. 
, R:e.t'erence an(fNot~ • 

_, . 

; ... ··: .. 

Heinz(l979) -
.. 

Hill and ~mardcse (1986) 

He{nz et' at. (1987) 

U.S. EPA (1997) 
.. 

Schafer (1972) 

Stahl ct at. (1990) ... 
. . l, 

. . ~c.. 
. ' .r;·, 

...,,_ 

- --
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Notes: 

a 

b 
c 

d 
e 

BIRD TOXICITY REFERENCE VALUES ,,, 
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. . 
The duration of exposure is defined as chronic if it represents about I 0 percent or·more of the test animal's lifetim~ e~pectancy. Acute exposures represent single exposure or multiple 
exposures occurring within about two weeks or less. Subchronic exposures arc defined as multiple exposures occurring for less than tO percent of the tC$t animal'alifctime expectancy but 
more that 2 weeks. · · · · 
Reported value which were dose in diet or water were converted to dose based on body weight and intake rate using Opresko, Sample, and Suter ( 1996). . . 
Uncertainty faCtors are used to extrapolate a reported toxicity value to a chronic NOAEL TRV. Sec ChapterS (Section 5.4) of' tho SLBRAP for a discussion on the usc of uncertainty 
factors. The TRV was calculated by multiplying the toxicity value by the uncertainty factor. A "not applicable" uncertainty factor is equivalent to a value equal to 1.0. · 
The references refer to the study from which the endpoint and doses were identified. Complete reference citations·arc provided below .. 
Best scientific judgement used to identify uncertainty factor. Sec Chapter S (Section 5.4. I .2) for a discussion on the usc of' best scientific judgement. Factors evaluated 
include test duration, ecological relevance of endpoint, experimental design, and availability of toxicity data. . . . . ; 

HMW • 
LOAEL • 
LDSO • 
NOAEL • 
TRV • 

High molecular weight 
Lowest Observed Adverse Effect Level 
Concentration lethal to SO percent of the test organisms. 
No Observed Adverse Effect Level 
Toxicity Reference Value 

_:i 

!' 
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SITE-SPECIFIC SOIL SCREENING LEVELS21 

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 TR.Vs developed during the ecoscreen. EBSLs are determined by assembling 
a reliable set ofTR.Vs 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. If multiple COPECs are present at a site, the SLHQs equal to or greater than 
0.3 for each COPEC in a media indicate a potential for ecological risk. 

21See Section 4.3 for limitations of ecologically-based media screening levels. 
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