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EXECUTIVE SUMMARY 

 2000 to develop 
op risk assessment 

n and to support 
se action. In 2008, 

 the Kentucky Department for Environmental 
ent of Energy was 

l risk assessments 
perfund guidance, 
ucting Ecological 
r it is meant to be 

sion Plant (PGDP). The 
hods for obtaining 
scribed. Revision 
al information on 

this document. 

This ERA guidance document describes the input from ecological risk assessors that is required for PGDP 
decision documents. Ecological risk input to decision documents includes summaries of ERA and 
screening results, evaluations of the adverse effects on ecological receptors of the proposed remedial 
actions and the effectiveness of proposed exposure controls, and the requirements of monitoring plans. 

 

An Ecological Risk Assessment Working Group (ERAWG) was chartered in April
effects-based threshold concentrations for no-action and action decisions and to devel
and analysis methods to support decision making for sites requiring further evaluatio
verification that cleanup goals have been reached following implementation of a respon
another ERAWG comprised of representatives from
Protection (KDEP), U.S. Environmental Protection Agency (EPA), and U.S. Departm
assembled to update the document in accordance with new guidance. 

The ERAWG agreed that the overall process of designing and conducting ecologica
(ERAs) would continue to follow an eight-step process concordant with current EPA Su
Ecological Risk Assessment Guidance for Superfund: Process for Designing and Cond
Risk Assessments, Interim Final. This document is not intended to be prescriptive, rathe
a guidance document describing the ERA process for Paducah Gaseous Diffu
ERAWG agreed upon sources and types of published data, model parameters, and met
site-specific data that are required in various steps of the ERA process, and these are de
1 of this document incorporates updates to the no-action levels and provides addition
guidance from EPA and KDEP issued after the development of the initial version of 

ES-1 
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1. INTRODUCTION 

ents (ERAs) and 
aducah, Kentucky. 
sessment Working 
resentatives of the 
 Fish and Wildlife 
Service, and U.S. 
 on (1) criteria to 
methods for sites 
ent in accordance 

as comprised of representatives of KDEP, EPA, and DOE. By documenting 
 incorporates the 
oval of ecological 

ument describing 
r conducting risk 
ance is similar in 

s when they differ. 
state and federal 
 both source and 

prehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) and the Resource 

or integrator units 
d to be consistent 
ment. If additional 
tions are expected 

ll as guidance for 
nalysis activities supporting risk 

management decisions at PGDP. The eight-step process to be followed by ERAs for all PGDP sites is 
described in Chapter 2. Screening benchmarks for soil, surface water, and sediment are provided. These 
benchmarks are for use in all ERAs conducted in accordance with this guidance. Chapter 2 includes 
model receptors and values of exposure parameters for use at all PGDP sites and guidance on selecting 
toxicity reference values (TRVs). Guidance is also provided for the conduct, use, and reporting of each of 
the eight steps of PGDP ERAs. Chapter 3 describes the data, results, and information about ecological 
risk that should be included in CERCLA and RCRA decision documents for PGDP sites. 

 

                                                     

This document presents guidance for designing and conducting ecological risk assessm
related ecological risk analyses at the Paducah Gaseous Diffusion Plant (PGDP) in P
This ecological risk guidance reflects the consensus of the PGDP Ecological Risk As
Group (ERAWG). The original ERAWG chartered in April 2000, was comprised of rep
Kentucky Department for Environmental Protection (KDEP), Kentucky Department of
Resources, U.S. Environmental Protection Agency (EPA), U.S. Fish and Wildlife 
Department of Energy (DOE). The charter directed the ERAWG to reach consensus
support no-action and remedial action decisions and (2) risk assessment and analysis 
requiring evaluation and verification. The ERAWG assembled to update this docum
with new guidance in 2008 w
ERAWG consensus on decision criteria, guidelines, and methods, this guidance
requirements of the Commonwealth of Kentucky and EPA and promotes prompt appr
risk plans and reports for PGDP sites. 

This document is not intended to be prescriptive, rather it is meant to be a guidance doc
the ERA process for PGDP. This consensus guidance supplements existing guidance fo
assessment activities at PGDP. For ERAs at PGDP sites, this ERAWG consensus guid
many areas to previous documents but takes precedence over these previous document
The PGDP ERA method document supplements and is concordant with existing 
guidance documents. The methods in this PGDP ERA methods document apply to
integrator1 units at PGDP and remedial activities being conducted under the Com

Conservation and Recovery Act of 1976 (RCRA) regulations. ERAs for PGDP source 
that were or are currently being conducted according to earlier guidance are expecte
with the initial steps of the ERA process as described in this PGDP ERA methods docu
evaluation is required for these sites to support risk-management decisions, those evalua
to conform to this guidance. 

This document presents the updated 2008 ERAWG-consensus criteria values as we
designing and conducting risk assessments and related ecological risk a

 

1 Integrator units are those units or areas that accumulate contaminants from source units or areas. 
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2. DESIGNING AND CONDUCTING 
ECOLOGICAL RISK ASSESSMENTS AT PGDP 

ll ERAs at PGDP, 
ceptors, exposure 
ent endpoints and 
nt guidelines. The 
ant with the EPA 

p process for designing and conducting ERAs at Superfund sites (EPA 1997a). The review by the 
f this guidance 

ocess is illustrated 

s the EPA’s ERA 
7a). Although the names of the eight steps are identical, some of the activities within 

P process differs 
lent, EPA governs 
rocess to ERAs at 

sed on ecological 
mplete, such as 

DOE 2001), then 
posed remedial actions for ecological receptors will be more 

uncertain. Given the greater uncertainty when proceeding with remediation before the PGDP ERA 
will be based on more conservative exposure and effect 

(TCLs) likely will be lower and more costly to 
on that no further 
ollowing the early 

NG FOR ECOLOGICAL EVALUATION 

ith ecological risk 
 a screening level, 
cus resources and 

the presentation of 
rmat for any requested electronic copies of the data to be included with 

the ERA. 

The consensus of the ERAWG is that PGDP sites with any amount of vegetation are potential nesting or 
feeding habitat for ecological receptors and, thus, require at least a screening-level risk assessment. Some 
sites may not require a screening for ecological risk from soil because no habitat and no exposure 
pathways for ecological receptors currently exist at the site. Sites meeting the general guidelines here can 
be considered for exclusion from the screening process. Each site meeting the criteria still needs to be 
discussed with risk managers and regulators, as these criteria are not prescriptive and some sites meeting 
them still may need to undergo evaluation. 

The 2001 ERAWG reached consensus on specific elements potentially required for a
including specific decision criteria, such as screening benchmarks; model re
assumptions, and parameters for preliminary risk calculations; and formats for assessm
ERA reports. PGDP ERA rules are consensus statements clarifying potentially importa
ERAWG also agreed that ERAs at PGDP must follow an eight-step process concord
eight-ste
2008 ERAWG confirmed the use of the eight-step process and updated some aspects o
with new ecological risk information and screening levels. The EPA eight-step ERA pr
in Figure 1. 

The eight-step process for ERAs at PGDP agreed upon by the ERAWG supplement
process (EPA 199
the steps are different. This site-specific consensus document specifies where the PGD
slightly from the EPA process in the sequencing of activities. Where this document is si
(EPA 1997a). A description of the eight-step process and directions for applying the p
PGDP are given below. 

The PGDP ERA process should be complete to justify a decision to remediate a site ba
risks alone. If a decision is made to remediate a site before the PGDP ERA process is co
when high risk to human health has been established during scoping activities (
evaluations of the protectiveness of pro

process is complete, remedial goal options 
assumptions, and site-specific target cleanup levels 
achieve than would result following completion of the PGDP ERA process. A decisi
action is necessary to protect ecological receptors, on the other hand, may be justified f
steps of the PGDP ERA process (Steps 1, 2, and 3). 

2.1 SCOPI

Prior to ecological evaluation of a site, a scoping meeting should be conducted w
assessors from the regulatory agencies. Some aspects of ecological evaluation, even at
are site-specific, and discussions regarding the site held prior to the evaluation will fo
efforts in the appropriate direction. The scoping meeting should include discussion of 
the dataset for the ERA and the fo

2-1 



 

 

 

Figure 1. EPA Eight-Step Process for Designing and Conducting ERAs 

SM

Source: EPA 1997a. Ecological Risk Assessment Guidance for Superfund: Process for Designing and 
Conducting Ecological Risk Assessments, Interim Final. 
DQO = data quality objective 

DP = Scientific/Management Decision Point 
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Sites considered for exclusion should have all of the following characteristics: 

 All areas of soil contamination shallower than five ft are covered with concrete, pavement, or a 

 Routes for off-site migration of soil also are incomplete due to the presence of concrete, pavement, or 

sonably expected to 
remain in place.  

t. The purpose of 
decision that site 
tion is necessary. 
 when there is no 
 (not reducing or 
 to minimize the 

gative error. That is, the screening-level risk assessment is intentionally 
is identified in a conservative screening-level risk 

assessment, then risk managers can confidently conclude that no further action (i.e., investigation, 
uired at the site. A screening-level risk assessment is an appropriate risk analysis 

 prior to the remedial investigation 

lements: 

e reconnaissance, 
s who are familiar 
ry CSM describes 
as opposed to the 

larger PGDP), and the contaminants known to exist at the site. The preliminary CSM should identify fate 
and transport mechanisms by which site contaminants potentially move off-site, and briefly discuss the 
ways that site contaminants act on likely receptors. 

Based on the preliminary CSM, the ecological risk assessors identify the potentially complete exposure 
pathways and endpoints for the screening assessment. The potentially contaminated source media at the 
site, such as soil, surface water, sediment, and groundwater, are described, and the classes of receptors 
potentially exposed to these media are identified. As determined in the scoping described in Section 2.1, 
only those source media that are potentially contaminated and to which receptors are potentially exposed 

building. 

a building. 

 Features and structures preventing the existence of complete pathways are rea

Groundwater at these sites still should undergo screening for ecological risk, as described in Section 2.3. 

2.2 SCREENING-LEVEL RISK ASSESSMENT (STEPS 1 AND 2) 

Steps 1 and 2 of the ERA process at PGDP constitute a screening-level risk assessmen
the screening-level risk assessment is to evaluate whether existing data justify a 
contaminants do not pose a risk to ecological receptors, or whether additional evalua
Because the consequences of incorrectly deciding that there is risk (further evaluation)
risk are less severe than the consequences of incorrectly concluding there is no risk
eliminating risk) when there is risk, the screening-level risk assessment is designed
likelihood of the latter, false ne
conservative (EPA 1997a). If no potential for risk 

remediation) is req
during scoping, prioritization, and work plan development activities
(RI)/feasibility study (FS) or equivalent. 

Steps 1 and 2 of the ERA process contain the following e

 Site visit (if needed),  
 Screening-level problem formulation [preliminary conceptual site model (CSM)], 
 Screening-level effects evaluation (toxicity threshold benchmarks), 
 Screening-level exposure estimate (site maximum concentration data), and 
 Screening-level risk calculation (site concentration data screens).  

In Step 1 of ERAs for PGDP sites, ecological risk assessors use available information to develop a 
preliminary CSM. Available information includes observations made during sit
historical documents, existing data, and professional judgment of other technical expert
with the site (e.g., biologists, hydrogeologists, chemists, and engineers). The prelimina
the environmental setting of the individual site, the site’s immediate surroundings (
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need to be screened in Steps 1 and 2. Subsurface soils to a depth of five ft should be s
soil at a site likely will be removed and not replaced or if site-specific informat
ecological receptors are exposed to potentially significant levels of contamination (e.
and waste piles). For PGDP ERAs, surface soil is defined as no deeper than 01 ft belo
(bgs). For ERAs, use of samples collected in the 0-6-in

creened if surface 
ion indicates that 
g., burial grounds 
w ground surface 

ch bgs depth is preferred over the 0-1-ft depth 

a are required. For 
are concentrations 
ect. The screening 

ther Action (NFA) 
ening benchmarks 

cyclic aromatic hydrocarbons (PAHs)]. If 
mpared to surface 
P NFA levels for 

 a given exposure 
GDP NFA levels 

aximum site concentration for a substance 
half of 

ct. Therefore, it is 
e NFA values. If 
ce them. Existing 

 Warehouse. All 
ge Environmental 
t of contamination 
the nature of the 

mpling results are suspected of not being representative 
alues), then 

ach the Step 2 
d accepted for use 
wever, these data 

 
isting data are not 

1 and 2 of PGDP 
site and the reported 

detection limits for all members of the group reported as nondetected are summed to give the group total 
concentration. The group total concentration is compared to the screening benchmark for the group (e.g., 
total PAHs) when at least one member of the group is detected. If toxicity equivalency factors for effects 
on ecological receptors are available for a group of related chemicals, then they should be used to adjust 
concentrations when calculating group totals or to compare individual chemicals against the standard 
benchmark. 

PGDP ERA Rule 1Assume shallow groundwater discharges to surface water. Provide justification that 

when those results are available. This shallower depth range should be considered when additional 
sampling of a unit is done for the purposes of ecological investigation. 

The exposure pathways and endpoints for the site specify which ecological effects dat
PGDP ERAs, the screening-level effects data are screening-level benchmarks, which 
of substances in abiotic media that are associated with little to no adverse ecological eff
benchmarks used to make the screening-level risk calculations are the PGDP No Fur
levels. There are NFA levels for substances in soil, sediment, and surface water. Scre
are also available for some classes of chemicals [e.g., total poly
groundwater potentially discharges to surface water, groundwater concentrations are co
water screening benchmarks. There are not any NFA levels for constituents in air. PGD
soil, sediment, and surface water are described in Appendix A. 

In Step 2 of ERAs at PGDP sites, the maximum site concentrations for substances in
medium are compared to the screening-level benchmarks for those substances [i.e., P
(PGDP ERA Rule 2)]. For the NFA screen at PGDP sites, the m
reported as detected in any sample is the larger of the maximum detected concentration and one 
the maximum reported detection limit for the substance in samples reported as nondete
highly recommended that there be some existing data with detection limits below th
existing data do not have adequate detection limits, new data may be collected to repla
data should be considered valid until newer data are collected to replace them. 

Site concentration data for PGDP sites are those data present in the Paducah Data
relevant concentration data for a site should be gathered and entered into Oak Rid
Information System (OREIS) before conducting the screen. Although data on the exten
need not be complete before screening, representative samples are required and 
contamination at the site should be defined. If sa
of the site or data quality is unsatisfactory (e.g., detection limits routinely exceed NFA v
additional data may be required for the screening evaluation needed to re
Scientific/Management Decision Point (SMDP). Data sets that have been evaluated an
in human health risk assessments for PGDP sites are acceptable for use in ERAs; ho
should not be screened against background and human health preliminary remediation goals, and essential
nutrients should not be eliminated before conducting the ecological NFA screen. If ex
used, the reasons for not using the data should be explained. 

NFA levels are available for some groups of substances for some media. For Steps 
ERAs, the maximum concentrations for all members of a group detected at a 

groundwater does not discharge to surface water if groundwater data are not screened in Steps 1 and 2. 
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Screens are conducted for surface soil, sediment, surface water, and groundwate
potentially discharges to surface water) at the site if they potentially result in expo
receptors. The comparison of site concentrations to screening benchmarks for abiotic m
the primary exposure routes for receptors at the site are the same as those for receptors a
the lab experiments that generated the data used to derive the screening benchmar
constitute the screening-level risk calculations and should include calculation of the
quotient (screening HQ). If the site maximum concentration (the numerator) is greater 
benchmark (the denominator), then the substance has an HQ > 1 for that medium. Due 
nature of the NFA levels and their relationship t

r (if groundwater 
sure to ecological 
edia assumes that 
t the test site or in 
ks. These screens 
 screening hazard 
than the screening 
to the conservative 

o more general endpoints than may exist at the site, the 
inguish them from 

are the maximum site concentrations for substances in a given 

HQs generated during the screening step should be referred to as screening HQs to dist
the receptor-specific HQs generated during a baseline ERA. 

PGDP ERA Rule 2In Step 2, comp
exposure medium to the screening-level benchmarks and generate screening HQs. If detected in at least 
one sample, the maximum site concentration is the larger of the maximum detected concentration and 
one-half of the maximum reported detection limit. 

Chemicals with known additive synergistic effects or that bioaccumulate are retained as chemical of 
ting compounds is 

the ERA process, information will not be complete, and some constituents will not 
have NFA levels. There may not be site chemistry data for all classes of constituents. There may be 

 occur at the site, 
s of Steps 1 and 2 

 support a decision 
 to continue evaluating ecological risk. If any constituent in an abiotic medium to which 

A level or if there 
 will be required 
. At SMDP 1, the 
s. If constituents 

a gaps, or other uncertainties at this point in the process are large 
enough, then additional data could be required for decision making even though no constituent exceeds an 
NFA level. 

Another important piece of information risk managers need at the first SMDP is the nature of the habitat 
and ecological setting of the site. At SMDP 1, risk managers may decide that sites do not require 
additional evaluation, even though one or more substances are identified as chemicals of potential 
concern (COPCs), if exposure pathways are not complete or actions will be taken to eliminate the 
exposure pathway. 

potential ecological concern and evaluated further in Step 3. The list of bioaccumula
based on the list developed for the Great Lakes and is presented in Appendix A. 

2.2.1 Steps 1 and 2 Uncertainties 

At Steps 1 and 2 of 

incomplete information about what animal and plant species actually or potentially
including threatened and endangered (T&E) species. The document recording the result
should discuss these uncertainties. 

2.2.2 Use of Steps 1 and 2 

The screening results and site information for the given unit are used at the SMDP 1 to
whether
organisms are potentially exposed is present at a concentration exceeding the PGDP NF
is not an NFA level for a constituent, then further evaluation of the potential for risk
unless the decision to take an action (such as soil or sediment removal) has been made
results of the screening evaluation should be discussed with the regulatory agencie
exceed NFA levels, there are critical dat
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2.2.3 Reporting Steps 1 and 2 

The documentation of Steps 1 and 2 for PGDP sites should include the following: 

description and map, if appropriate;  

hanges to the dataset made to refine the raw data to that used in the risk 
assessment; 

f screening results; 

ually or potentially occurring at the site, including T&E plant and animal 

on of the uncertainties should identify constituents for which there are not NFA levels or 
COPCs for further 
ect additional data 
an be documented 

 surface soil samples were collected, the report needs 
to state the following: “The potential risk from exposure to surface soil was not quantified in this risk 

exposure to this medium was not quantified because 
ide the scope of the current investigation.” (Note that a similar 

when data are not 
ond Step 2, 

The purpose of Problem Formulation (Step 3) is to provide sufficient information to support a risk 
 the need for additional evaluation of ecological risk. Important inputs to 

, an understanding 
athways by which 
ent endpoints. The 
ints, and questions 
Step 3 SMDP, the 

risk assessors provide their conclusions and recommendations based on professional judgment. 

2.3.1 Reevaluation of COPCs (Step 3a) 

The further evaluation of COPCs identified in Steps 1 and 2 of the EPA eight-step process is called the 
“Refinement of COPCs,” and it occurs after the screen. Some evaluation of COPCs beyond the 
comparison with screening values appears with the results of the screening, as described in previous 
sections. Those evaluations should be repeated as part of the Problem Formulation step (Step 3) for the 
BRA. According to EPA’s amended guidance, Step 3a of the process represents an opportunity to present 

 Brief habitat 

 Preliminary CSM; 

 Discussion of all c

 Tables o

 List of wildlife species act
species; and 

 Discussion of uncertainties. 

The discussi
analytical chemistry data. Chemicals without NFA levels are automatically retained as 
evaluation in the baseline risk assessment (BRA) (step 3a). The decision whether to coll
for screening, proceed with the ERA, or conduct no further evaluation or other action c
in the report. 

When reporting risks from PGDP sites at which no

assessment and is, therefore, unknown. The risk from 
the investigation of this medium falls outs
caveat also will apply when considering risk from potential exposure to groundwater 
available because of the scope of the investigation.) Ecological assessment does not move bey
if maximum site concentrations do not exceed their NFA levels. 

2.3 ERA PROBLEM FORMULATION (STEP 3) 

management decision concerning
this decision (SMDP 2) are the identification of COPCs that warrant further evaluation
of the effects of COPCs on ecological receptors, identification of complete exposure p
COPCs are brought into contact with ecological receptors, and identification of assessm
outputs of the Problem Formulation step are the final list of COPCs, assessment endpo
and hypotheses potentially requiring further evaluation in an ERA. In support of the 
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a “reasoned toxicological approach for the elimination of one or more COPCs from fut
(EPA 2000a). The purpose of this step is to sharpen the focus of the evaluation on tho
an

ure consideration” 
se COPCs that can 

d should be evaluated because of the potentially significant risk they pose to ecological receptors at the 

the following activities: 

/or referenced site 
;  

anism sampled (if 

lculate preliminary HQs for bioaccumulating constituents and for selected PGDP wildlife 

nd assumptions [e.g., area use factor (AUF), ingestion rates, and 
diet]; 

 chain uptake. 

uded in Step 3a for PGDP ERAs, EPA explicitly 
rvative” exposure 
ed as part of the 
 on the site and 
om regulators and 

ight activities potentially 

th Risk Methods 
of inorganic chemicals and naturally occurring 

clide as presented 
oncentrations less 
 screening. 

trations exceeding 
background criteria may be used to evaluate the extent of contamination. The representativeness of the 
site data set, including the number and spatial distribution of samples, should be evaluated if the 
frequency of exceedances is considered in Step 3a of PGDP ERAs. 

Site-specific tissue concentrations—Direct Risk to Organism. If data is available on the concentrations 
in tissues within species found at a site, that data may be compared to available tissue residue benchmarks 
to provide a refined screen for direct risk to that organism. Tissue residue benchmarks for assessing 
ecological risk should be based on “no effect” levels to the organism, not based on effects of human 
consumption. Tissue residue benchmarks available for the bird and mammal PGDP receptor species are 

site. 

Step 3a of ERAs for PGDP sites include 

 Compare site and background concentrations;  

 Evaluate frequency and distribution of concentrations exceeding benchmarks and
values

 Evaluate site-specific tissue concentrations against benchmarks for direct risk to org
available); 

 Ca
receptors;  

 Evaluate site-specific exposure data a

 Consider alternative toxicity data and benchmarks for receptors exposed by direct contact; 

 Compare site and reference concentrations; and 

 Evaluate site-specific tissue concentrations (if available) to calculate risk from food

In contrast to the eight activities potentially incl
identifies only one activity in this step: review and consideration of “realistic conse
assumptions (EPA 1997a). The first four activities listed for Step 3a may be includ
uncertainty evaluation of the screening assessment, if this is appropriate based
information available. The last four of the eight activities generally require input fr
should be completed after regulatory review of the results of the screening. The e
included in Step 3a for PGDP ERAs are briefly described here. 

Comparison of site and background. Consistent with the revised Human Heal
Document, the maximum detected concentration 
radionuclides may be compared to the background dataset for that chemical or radionu
in Appendix A of the human health document. Constituents with maximum detected c
than background can be eliminated from further consideration as COPCs after the initial

Frequency and distribution. The frequency of occurrences in site samples of concen
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presented in Table A.10 and A.11. Sources of fish tissue residue levels include t
Residue-Effects Database [(ERED), located at http://el.erdc.usace.army.mil/ered/]; the EPA PCB Residue
Effects Level Database [(PCBRes), located at http://www.epa.gov/med/Prods_Pubs/pcbres.htm
USEPA MED-Duluth Toxicity/Residue Database (l
http://www.epa.gov/med/Prods_Pubs/tox_residue.htm). Additional benchmarks may be obtained from 
scientific literature in which critical tissue

he Environmental 
 

]; and the 
ocated at 

 residues are developed. Tissues collected for comparison 
issue for large fish 

en those receptors 
 differs from the 
r ERAs at PGDP 

tivorous mammal, 
vorous mammal, 
edatory bird, and 
ups that occur or 
ment as screening 
eliminary HQs are 
 should be scoped 

ing the HQ calculations to ensure that appropriate receptors are 
selected for the site under consideration. Preliminary HQs for model wildlife receptors should be 

than 1.0 as well as 
s also should be 

ribed in Appendix 

 given in Table 1. 
eight/day), AUFs, 
eant to protect all 
tain 100% of their 
rous/vermivorous 

 invertebrates that 
s are assumed to eat only small 

biota. Mammalian 
rous predators are 
sediment-dwelling 
s are not included 
l values for these 
 also protective of 

 the maximum detected concentrations and the 
appropriate benchmarks associated with no effect [the no observed adverse effect level NOAEL)]. For 
wildlife receptors, these benchmarks are TRVs expressed as a daily dose. TRVs based on NOAELs for 
wildlife are presented in Table A.8 in Appendix A. Published, observed, or estimated NOAELs for test 
species are the benchmarks for all model receptors except carnivorous fish (PGDP ERA Rule 3). 
Benchmarks for carnivorous fish are body burdens (tissue concentrations) associated with no adverse 
effect (Jarvinen and Ankley 1999). ERAs for PGDP sites will need to explain how all benchmarks are 
derived and selected, including NOAELs estimated from other benchmarks [e.g., lowest observed adverse 
effect levels (LOAELs)]. TRVs based on LOAELs for wildlife are presented in Table A.9 in Appendix A. 
Equations for calculating preliminary HQs are presented in Appendix C. 

should be matched to the tissue used to generate the benchmark, for example, muscle t
or mammals, whole body for small fish, or insects, etc.  

Preliminary HQs. Preliminary HQs are calculated for individual wildlife receptors wh
are present at PGDP sites. This set of preliminary HQs is based on individual receptors
screening HQs based on general endpoints that were generated during Steps 1 and 2. Fo
sites, the ERAWG has selected the following model wildlife receptors: arboreal insec
insectivorous bird, ground-dwelling insectivorous/vermivorous mammal, pisci
piscivorous bird, granivorous mammal, granivorous bird, predatory mammal, pr
carnivorous fish. Preliminary HQs are required only for those wildlife receptor gro
potentially occur at a given site. If the preliminary HQs are presented in the same docu
Steps 1 and 2, the receptors listed in Table 1 must be used for the calculations. If the pr
calculated during the beginning of the BRA, the receptors and parameters for the site
with the regulators prior to perform

calculated for all COPCs for which the screening HQ calculated in step 2 was greater 
for all bioaccumulative COPCs (regardless of their screening HQ). All those COPC
included in the food chain modeling for wildlife receptors. Food chain modeling is desc
C. 

The parameters for the receptor model species used to calculate preliminary HQs are
Parameters for model species [i.e., body weights, specific ingestion rates (kg/kg body w
and diets] should be conservative because the risk assessment for model species is m
species in the group. It is assumed that model receptors spend their entire lives and ob
diet or drinking water at the facility (i.e., AUF equals 1). Ground-dwelling insectivo
mammals and insectivorous/vermivorous birds are assumed to eat only soil-dwelling
bioaccumulate contaminants from soil. Predatory mammals and bird
mammals such as shrews that bioaccumulate contaminants from ingested soil or 
piscivorous predators and carnivorous fish are assumed to eat only fish. Avian piscivo
assumed to eat only fish for evaluations of surface water and groundwater, and only 
invertebrates for evaluations of sediment. Receptors representing reptiles and amphibian
in this table due to the lack of risk assessment parameters for these receptors. Unti
parameters are available, it is assumed that assessments protecting other receptors are
reptiles and amphibians. The sources of values in Table 1 are provided in Appendix B. 

Preliminary HQs for wildlife receptors are calculated using
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 are not available, 
n with KDEP. The 
ng substances and 
ion factors (BAFs) 
ANL 2009). EPA 
 values, or values 

GDP North-South 
to-fish bioconcentration factors 

mple only and not 
oved values. Biotransfer factors used in PGDP ERAs should be fully documented. 

 weight of model 

If site-specific tissue data or appropriate biotransfer factors derived from PGDP data
conservative biotransfer factors should be compiled from sources selected in cooperatio
ERAWG has not identified preferred biotransfer factors, but a list of bioaccumulati
biotransfer factors is available from the KDEP. Other possible sources of bioaccumulat
are Sample et al. (1998), HAZWRAP (EPA 1995), and the LANL Ecorisk database (L
has published biotransfer factors (EPA 1999a), and the PGDP ERAWG has used these
derived as specified therein, for use in deriving site-specific cleanup goals for the P
Diversion Ditch. Table C.1 lists soil-to-invertebrate BAFs and water-
(BCFs) provided by KDEP and other sources. These values should be considered as exa
as appr

PGDP ERA Rule 3When calculating preliminary HQs, do not scale TRVs for body
receptors. 

Site-Specific Exposure Assumptions. Site-specific exposure assumptions also may
Step 3a. Preliminar

 be considered in 
y HQs calculated using conservative exposure assumptions likely overestimate risk. If 

site-specific data are available, they can provide a more accurate preliminary risk assessment. Alternative 
HQs may be calculated using site-specific values for exposure parameters and compared to preliminary 
HQs. Site-specific exposure data include estimates of central tendency [e.g., mean and 95% upper 
confidence limit (UCL)]. 
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Alternative Benchmarks. Alternative toxicity data and benchmarks include such value
wildlife receptors, National Oceanic and Atmospheric Administration and Ont
Environment effects-based values for sediment, 

s as LOAELs for 
ario Ministry of 

and lowest chronic values for aquatic biota for surface 

ip between COPC 
 reference site and 
on of any data for 

ts between the site 

 for comparison include minimum, maximum, mean, and 95% 
se the comparison 

e Concentrations-bioaccumulation. Site-specific data that are available should be 
 or animal tissues, 
sing abiotic site 

s and mammals are 

 situ toxicity and 
est species are of 
re native species. 

concentrations for 
ed substances are calculated using one-half the reported detection limit for all results reported as 

entration data for PGDP sites are those data present in OREIS. All 
relevant concentration data for a site should be gathered and entered into OREIS before conducting Step 

qualified as valid. 
marks. Also, the 
 to the number of 

2.3.2 ERA Study Focus and Scope (Step 3b) 

I t a PGDP site, the ERA process continues with Step 3b, ERA Study Focus 
and Scope. This is the problem formulation step for the site-specific assessment of ecological risk and 
should be included with the baseline ERA. Where Step 3a focuses the ERA on the subset of COPCs at a 
site that more likely poses a risk to ecological receptors, Step 3b narrows and sharpens the focus of the 
required site investigation onto the important exposure pathways and receptors that are potentially 
exposed to these COPCs. Step 3b of the ERA process includes the following activities: 

 Summarizing ecotoxicity of COPCs,  
 Identifying assessment endpoints, 
 Describing habitat, 
 Presenting the CSM, and  
 Specifying risk questions and hypotheses for the site. 

water. The LOAEL-based TRVs are presented in Table A.9. 

Reference Site Comparison. The reference site comparison evaluates the relationsh
site and reference site concentrations primarily for aquatic systems. Both the choice of
the types of studies to be conducted should be scoped with regulators prior to collecti
toxicity and population studies. The reference site comparison is not a background screen because the 
reference site is used primarily for collecting media for comparison of toxicity test resul
and the reference site and as a reference site for field data such as population studies.  

The site and reference site data presented
UCL concentrations; frequency of detect; detection limits; and distribution type. Becau
to a reference site or sites is not a strict screen, concentration data for organic compounds detected in 
reference site samples can be compared to site data. 

Site-Specific Tissu
considered in Step 3a. If data are available for the concentration of constituents in plant
then those data may reduce the uncertainties in preliminary HQs calculated u
concentration data and generic BAFs. Available benchmarks for tissue residues in bird
presented in Table A.11. 

Site-Specific Effects Data. Other potentially useful data are TRVs derived from in
laboratory toxicity test results for site media. Toxicity data for standard laboratory t
limited value because these species are not necessarily as sensitive to contaminants as a

For all activities conducted as part of Step 3a of PGDP ERAs, mean and 95% UCL 
detect
nondetected concentrations. Site conc

3a. Site concentration data used in ERAs and other ecological risk activities must be 
An important consideration is the relationship between detection limits and bench
appropriateness of using statistical manipulation of data must be considered in relation
samples. 

 

f any COPCs are identified a
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These elements are common to the EPA eight-step ERA process (EPA 1997a; EPA 2000a). 

Ecotoxicity Summaries. Ecotoxicity summaries of COPCs in Step 3b are meant to
These profiles support the selection of assessment endpoints; therefore, they should b
toxicity of the COPCs to groups of organisms (communities, guilds) and the COPCs
potential. Toxicity profiles for COPCs should include 

 be brief profiles. 
riefly describe the 
’ bioaccumulation 

a discussion of published data on the relative 
toxicit ary 

rates, and aquatic 

rds and mammals. 

ground-dwelling 
datory mammals, 

at are potentially 
long with generic 
s at a site that are 

t risk because they 
 assessed. Because 

munities at a site can be evaluated in an ERA, care must be taken in selecting 
nsulting members 

 to ensure that the site investigation addresses the important risk 
questions. Th p 3b, and concurrence on 
the ass urces trustees and parties to 
the Federal Facility

ssful reproduction 

act on  
. 

ommunities. 
roduction, growth, 
unity structure or 
tory toxicity tests, 

sidue concentrations related to impaired reproduction, growth, and survival. These measures 
reflect assessment endpoints for populations. If a T&E or otherwise legally protected species is an 
assessment endpoint, then the endpoint should be stated in terms of survival and reproduction of 
receptors. 

If an individual COPC or class of COPCs can be identified as the potential cause of risk to an endpoint 
receptor, then the COPC can be explicitly named in the assessment endpoint. The ERAWG recommends 
that the assessment endpoint explicitly name the source medium or media containing the COPCs so as to 
link the assessment endpoint to potential remedial action decisions, because remedial actions are applied 
to source media.  

y of various groups of organisms when exposed by the same routes. There are two prim
exposure routes of interest for potential receptor groups at PGDP sites: 

 Direct contact for plants, soil-dwelling invertebrates, sediment-dwelling inverteb
biota; and 

 Ingestion by consumers, such as granivorous (seed-eating) birds, and carnivorous bi

Predators include arboreal insectivorous mammals, insectivorous birds, 
insectivorous/vermivorous mammals, piscivorous mammals, piscivorous birds, pre
predatory birds, and carnivorous fish. 

Assessment Endpoints. Assessment endpoints are valued ecological resources th
exposed and susceptible to the COPCs at a site. Policy goals are given in Table 2, a
assessment endpoints. Assessment endpoints are the species populations or communitie
investigated to evaluate the risk from exposure to the COPCs. Resources that are not a
are not exposed or not susceptible to the adverse effects of the COPCs should not be
not all populations or com
assessment endpoints. Assessment endpoints for PGDP sites should be selected after co
of the ERAWG and other stakeholders

is is one of the critical decisions made at the SMDP following Ste
essment endpoints for PGDP sites should be obtained from natural reso

 Agreement. 

The assessment endpoints for PGDP sites are stated in terms of the survival and succe
of guilds or communities at the site. For example, 

Protection of carnivorous mammal populations at the site from negative imp
survival and reproduction from exposure to the COPCs in surface soil

Assessment endpoints can be stated as in terms of adverse effects on populations or on c
Adverse effects on populations can be inferred from measures related to impaired rep
and survival. Adverse effects on communities can be inferred from changes in comm
function. The measures used in BRAs for wildlife receptors at PGDP are TRVs, labora
and tissue re
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Assessment endpoi must be justified on the basis of the following factors: 

 ghly exposed to the COPCs, 

 P plete exposure pathways fr ptor. 

GDP ERAs 

al  

nts for ERAs at PGDP sites 

 The COPCs that are present and their concentrations, 

 Mechanisms of toxicity of the COPCs to different groups of organisms, 

 Ecologically relevant receptor groups that are potentially sensitive or hi
and  

otentially com om source to rece

Table 2. Generic Assessment Endpoints for P

Policy Go s Assessment Endpoints 
The conservation of thr
and endangered species and

eatened 
 their 

No adverse impact to any federal- or state-designated threatened or
(flora and fauna) and no adverse i

habitats. 

 endangered species3 
mpacts to their critical habitats.  

  
Protection of soil-invertebrate populations from negative impac
resulting from exposure to COPCs in surface

l 
 and 

ts on nutrient cycling 
 soil.  

impact on survival and 

 from negative impact on survival and 
soil. 

 from negative impact on survival and 
edia. 

ive impact on survival and 
edia.  

ct on survival and 
dia. 

t on survival and 
edia. 

The protection of terrestria
populations, communities,
ecosystems. 

 survival and 

 

Protection of omnivorous mammal populations from negative 
reproduction resulting from exposure to COPCs in surface soil. 

Protection of herbivorous mammal populations
reproduction resulting from exposure to COPCs in surface 

Protection of carnivorous mammal populations
reproduction resulting from exposure to COPCs in source m

Protection of amphibian and reptile populations from negat
reproduction resulting from exposure to COPCs in source m

Protection of herbivorous bird populations from negative impa
reproduction resulting from exposure to COPCs in source me

Protection of omnivorous bird populations from negative impac
reproduction resulting from exposure to COPCs in source m

Protection of carnivorous bird populations from negative impact on
reproduction resulting from exposure to COPCs in source media. 
 
Protection of benthic invertebrate populations from negative impacf aquatic t on survival and 

urface water.  

pact on survival and 
rface water.  

pact on survival and reproduction resulting 
from exposure to COPCs in sediment and surface water. 

quatic organisms from negative impact on 
survival and reproduction resulting from exposure to COPCs in sediment and surface water. 

Protection of bird populations that feed on aquatic organisms from negative impact on 
survival and reproduction resulting from exposure to COPCs in sediment and surface water. 

The protection o
populations, communities,
ecosystems. 

Protection of bird populations that feed on aquatic vegetation from negative impact on 
survival and reproduction resulting from exposure to COPCs in sediment and surface water. 

reproduction resulting from exposure to COPCs in sediment and s and 

Protection of amphibian and reptile populations from negative im
reproduction resulting from exposure to COPCs in sediment and su

Protection of fish populations from negative im

Protection of mammal populations that feed on a

COPC = chemical of potential concern; ERA = ecological risk assessment; PGDP = Paducah Gaseous Diffusion Plant 

                                                      

3 If threatened and endangered species not included on the federal list are listed by the Commonwealth of Kentucky.  
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the site. Endpoint 
st be susceptible to the adverse effects of the COPCs 

ites are important 
for the site. The 
e site and specific 
form (provided in 

 photographs, 
uld be taken when 
 sites. 

ental system and 
ontaminants from 
STM 1995). The 

edia to assessment 
ose pathways that 
source media, fate 

edia, exposure routes and receptors, is an expected element of all 
2 is an example of a CSM exposure pathways diagram, and it is not representative of 

any site at PGDP. Food web diagrams are useful and should be included in the report if wildlife receptors 
 however, it is not 

ies in Step 3 of the ERA process are primarily associated with the COPCs that remain 
centration data or 
n some classes of 
estigation can be 

given site are used 
to support the decision at SMDP 2 whether to continue evaluating ecological risk. Generally, if any 

biotic medium to which organisms potentially are exposed is judged to be a COPC in 
 ecological receptors will be required. The 

orandum, and the SMDP it triggers should 
e site investigation. Thus, Step 3a supports the decision 

a means site-
which requires a work plan documenting Steps 3b and 4 of the process 

and describing how the data collected will be used in Step 7 to make a remedial decision for the site. 

2.3.5 Reporting Step 3 

The documentation of Step 3 for PGDP sites should include the following: 

 Site and, if available, reference site concentration data; 
 Preliminary HQs, BAFs, and ingestion rates for wildlife receptors;  
 Discussion of alternative benchmarks; 

The assessment endpoint receptors must be present at, or must potentially occur at, 
receptors must be exposed to COPCs, and they mu
when exposed at low doses relative to other potential endpoints. 

Habitat Description. The habitats occurring at, or potentially occurring at, PGDP s
factors to consider in selecting assessment endpoints and developing the CSM 
description of the habitats at PGDP sites should include general information about th
information about terrestrial and aquatic habitats at the site. EPA provides a useful 
Appendix E) for recording habitat characteristics during a site visit (EPA 1997a). The use of
as well as maps and written site descriptions, is recommended. Photographs of sites sho
feasible and made available in association with ERAs and decision documents for PGDP

Conceptual Site Model. A CSM is a written or pictorial representation of an environm
the biological, physical, and chemical processes that determine the transport of c
sources through environmental media to environmental receptors within the system (A
CSM for PGDP sites must define the potential pathways of exposure from source m
endpoint receptors. The CSM should distinguish potential exposure pathways from th
are evaluated in the ERA for the site. A diagram of the exposure pathways, including 
and transport mechanisms, exposure m
PGDP ERAs. Figure 

are potentially exposed by ingestion at the site. Figure 3 is an example of a foodweb;
representative of any site at PGDP. 

2.3.3 Step 3 Uncertainties 

The uncertaint
following the reevaluation (Step 3a). As with Steps 1 and 2, there will not be site con
alternative benchmarks for all constituents. The potential adverse effects of COPCs o
receptors may be unknown. Data gaps must be clearly identified so that the site inv
designed to collect the data necessary to answer the risk questions.  

2.3.4 Use of Step 3 

The results of the refinement of COPCs and the problem formulation (Step 3) for the 

constituent in an a
Step 3a, then further evaluation of the potential for risk to
results of Step 3a should be communicated in a technical mem
occur before submittal of the work plan for th
bout what assessment endpoints will be evaluated further in the ERA. Further evaluation 

specific ecological investigation, 
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Figure 3. Example of a Foodweb for Wildlife Receptors 
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 Discussion of site-specific data and exposure assumptions; 
 following reevaluation; 

oints and justification; 

l; 


 site and reference 
sed to reevaluate 
r toxicity data for 
teps 1 and 2. The 
on or other action 

uired, the additional elements of Step 3a 
and the problem formulation (Step 3b) can be incorporated into the work plan for the site investigation. 

 be obtained and documented before 

es the study design and DQOs for the site investigation. For PGDP 
nalysis plan (SAP) are the primary products of Step 4. 

 sufficient detail for risk managers to evaluate its 
ient confidence to 
rk plan and SAP 

  Measurements 

ns defined in Step 
ects, or both. The 
osure of or effects 
ed below assume 

s at PGDP sites with wildlife receptors that are potentially exposed through ingestion of 
s in the tissues of 
Contaminant body 
s used in ERAs at 
e DQOs for tissue 

analysis. Abiotic media sample collocated with tissue samples should be collected because they may be 
helpful in developing remedial goals, if required later in the remedial process. If tissue samples cannot be 
collected, then the estimation of dose ingested through media will be done using the information in 
Appendix C. 

Concentration measurements for endpoint-receptor tissues (e.g., organ, muscle, bone, feather, eggshell, or 
hair) may be used to confirm or monitor exposure to specific COPCs. If appropriate concentration-effects 
data are available for the COPC and the endpoint receptor from the ongoing monitoring programs at 
PGDP, then exposure measurements should include concentrations in appropriate receptor tissues. 

 Ecotoxicity profiles for COPCs
 Assessment endp
 Habitat descriptions; 
 Conceptual site mode
 Risk questions and hypotheses; and 
 Discussion of uncertainties. 

The documentation of Step 3a results should include tables that compare side-by-side
site concentrations, benchmark concentrations, preliminary HQs, and other data u
COPCs. The discussion of uncertainties should include the lack of site concentration o
COPCs. The results of Step 3a may be provided in the same document as screening S
decision about whether to conduct a site investigation or to conduct no further evaluati
can be documented in the same report. If further evaluation is req

Concurrence on assessment endpoints and risk questions should
completion of Step 4, ERA Study Design and Data Quality Objectives (DQOs).  

2.4 ERA STUDY DESIGN AND DATA QUALITY OBJECTIVES (STEP 4)  

Step 4 of the ERA process identifi
sites, the ERA work plan and the sampling and a
The work plan and SAP must specify the study design in
adequacy for collecting the data necessary to answer the risk questions with suffic
support remedial action decisions for the site. Final regulatory approval of the wo
represents the outcome of the Step 4 SMDP.  

2.4.1 Study DesignExposure and Effects

A site-specific study is designed in Step 4 of the ERA process to answer the risk questio
3. Site investigations for ERAs at PGDP sites are required to measure exposure, eff
measurements specified in the study design must be directly relevant to evaluating exp
on the assessment endpoints defined in Step 3. Most of the lines of evidence describ
consideration of contaminant levels present at the site. 

For ERA
contaminated media, measurements should be made of the concentrations of COPC
organisms that those receptors potentially eat (PGDP ERA Rule 4) whenever feasible. 
burdens in prey are expected to be the primary and most typical exposure measurement
PGDP sites. Particular attention should be given to detection limits when establishing th
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Receptor-tissue sampling should be designed not to adversely impact the receptor populations. Particular 
eptor tissues.  

sed to the COPCs 
exposed at the site 
s, as quantified by 
s may be required 

osure concentrations of COPCs in some media for some endpoint receptors. Particular 
lishing DQOs for 

posed to COPCs, 

attention should be given to detection limits when establishing DQOs for analysis of rec

Organisms living in direct contact with contaminated media are assumed to be expo
present. For these receptors, the concentrations in the abiotic media to which they are 
must be measured. Toxicity tests reduce the uncertainty about bioavailability of COPC
analytical chemistry data for abiotic media. Special sampling and analytical technique
to measure the exp
attention should be given to sampling design and analytical detection limits when estab
abiotic exposure media. 

PGDP ERA Rule 4For the study design for PGDP sites with wildlife receptors ex
include the collection and chemical analysis of prey tissue from the site. 

There are numerous types of measurements of effects on various biological levels from the chromosome 
 COPCs at PGDP 
s of survival and 
nce. 

Analytical chemistry data provide estimates of current exposure concentrations and are essential to the 
t include measures 

le 5). Collocated 
pretation of the toxicity test and population/community study results 

y direct contact to 

to the community. While measures of suborganismal effects on receptors exposed to
sites are possible, the most likely effects measurements for PGDP ERAs are measure
reproduction of organisms: toxicity tests and measures of population/community abunda

interpretation of the toxicity tests and population/community studies. PGDP ERAs tha
of effect must also include chemical analysis of collocated samples (PGDP ERA Ru
analyses are important to the inter
even though analytical data overestimate the bioavailability of some COPCs. 

PGDP ERA Rule 5For the study design for PGDP sites with receptors exposed b
COPCs, include collocated analytical chemistry data where in situ, laboratory toxicity tests, or 
population/community studies are specified. 

Toxicity Tests. For ERAs at PGDP sites with endpoint receptors that are potentially expos
contact with contaminated media, direct tests must be made of the toxicity of the expo
ERA Rule 6). Toxicity tests on abiotic media should use organisms that are representati
receptors. Standardized toxicity tests using commercially supplied test species are 
sediment, and surface water (see the following text box). The selection of standardized

ed by direct 
sure media (PGDP 
ve of the endpoint 
available for soil, 
 tests instead of in 

situ tests using local species should be justified and the differences between local and test species in their 
amples from reference locations are required to identify impacts due to 

ed. Even carefully 
r both the test site 

he reference site must be compared to the laboratory control group run as part of the toxicity test. 
Some test methods include criteria for an acceptable response at an unimpacted site (for example, at least 
80% survival). If the toxicity tests selected do not contain these criteria, the criteria need to be established 
by the project team during development of DQOs prior to running the toxicity tests. 

sensitivity to COPCs discussed. S
site-related COPCs present at the site, and these locations need to be carefully select
selected reference sites may be impacted by unknown stressors; therefore, the results fo
a d tn

STANDARDIZED TOXICITY TESTS 

Examples of standardized toxicity tests for surface soil, sediment, and surface water are, respectively, as 
follows: 
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 American Society for Testing and Materials (ASTM) E 1676-97, Standard guide for conducting 
laboratory soil toxicity or bioaccumulation tests with the Lumbricid earthworm, Eisenia fetida 
(ASTM 1998); 

 
 EPA Test Method 100.0, Hyalella azteca, 10-day survival test for sediments (EPA 1994a); and 
 
 Fathead minnow, Pimephales promelas, larval survival and growth test, EPA Method 1000.0 

(EPA 1994b). 
 

PGDP ERA Rule 6For the study design for PGDP sites with endpoint receptors exposed by direct 
contact to COPCs, include in situ or laboratory toxicity tests. 

Laboratory tests indicate whether the media collected from the site cause toxicity to 
and quantify the magnitude of the toxic effect relative to media from reference locatio
controls. Samples from each site also should be submitted to laboratory analysis t
concentrations of potential 

the test organisms 
ns and laboratory 

o quantify the 
COPCs at both sites. Screening toxicity tests do not produce definitive 

g toxicity tests are 
ns are believed to 
trations exceeding 

ival, reproduction, 
he primary effects 
stated in terms of 
duced growth as a 

al significance in some circumstances, such 
en overwinter survival 
e possibility of adverse 

 must be carefully 
s on a population (e.g., 

aquatic insects). Because reduced emergence potentially leads to reduced survival and population size, 

 things: 

 those observed in 
ring at the site. 

 boratory 
control group, or the reference site also will be considered as potentially impacted and comparisons 
between the investigation site and reference site will be not be used to demonstrate “no impact” at the 
investigation site.  

 The substances responsible for any observed toxicity above reference site levels are those COPCs present 
at concentrations above reference site levels and above benchmarks associated with adverse effects. 

 Effects on the test species are caused by contaminants in the tested medium and not artifacts of the 
test conditions or test organisms. 

benchmark concentrations associated with specific levels of adverse effects. Screenin
considered to be chronic tests (EPA 1994a; EPA 1994b; ASTM 1998), and test duratio
be sufficiently long for adverse effects on sensitive life stages to be observed at concen
ecological screening values (ESVs). 

The measurement endpoints in toxicity tests used in PGDP ERAs typically will be surv
growth, emergence, or combinations of these endpoints. Survival and reproduction are t
of interest because they are directly related to the assessment endpoints, which are 
survival of the population and survival of individuals, in the case of T&E species. Re
result of chronic exposure to contaminants can have ecologic
as when a population experiences severe size-based predation pressure or wh
depends on achieving a certain pre-winter size. Growth effects indicate only th
effects on a population, so toxicity tests with growth as the only measurement endpoint
justified. Likewise, emergence is an indirect measure of potential adverse effect

reliance on emergence as the only measurement endpoint must be justified. 

Using toxicity tests as a line of evidence in the risk characterization for PGDP sites assumes three

 Effects observed in laboratory tests of site media using surrogate species, beyond
tests of reference site media, will represent effects on assessment endpoints occur

 Effects observed for the reference site will not exceed the criteria for comparison to the la
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If these assumptions make toxicity tests unacceptable to risk managers as a basis for r
then toxicity 

emedial decisions, 
tests should not be selected, and population/community studies must be designed to answer 

munity studies to 
d description and 

0b; DOE 1993). 
site to establishing 
nthic invertebrate 

communities and fish have been impacted are available, but these methods do not define the cause of the 
990). Therefore, careful selection of metrics and reference sites is required to ensure that 

mprise the DQO 
ure pathways, the 

s to be used to answer the ERA 
ta requirements for the site investigation. The study design, approved at the Step 4 

SMDP, defines the acceptable level of decision error. Guidance for sampling design is available from 
 the DQO process 
. 

nswer 
e reference site or 
observed levels of 
rpret. Most native 

may not be as 
sensitive to contaminants as are native species. Site-specific tissue concentration data reduce the uncertainty 

 modeling uptake and bioaccumulation. Accurate site-specific exposure parameters, such as 
out risk estimates 

 Multiple lines of 
tes. The weighting 
ty control groups, 

The work plan, including the SAP and quality assurance/quality control plan, for PGDP sites must 
ions. The numbers 
edures detailed in 

the SAP. The work plan should describe precisely how the resulting data will be used in the risk 
characterization for the site and will constitute the basis for a conclusion about risk at the site. Approval 
of the work plan at the Step 4 SMDP signifies that the proposed field investigation design and methods 
provide acceptable data and levels of decision error to support the risk management decisions for the site. 

2.4.5 Reporting Step 4 

The ERA work plan and its appendices are the expected mechanism for recording and seeking approval of 
the DQOs and study design for the site investigation. The methods for collecting and controlling samples 

the risk questions. 

Population/Community Measures. If ERAs at PGDP sites require population/com
evaluate effects of COPCs on receptors, then the work plan must provide a detaile
justification of the study. The EPA DQO process should be implemented (EPA 200
Preliminary data on population variability, both temporally and spatially, is a prerequi
DQOs for population studies. Standardized methods of evaluating whether be

impacts (EPA 1
the results of population/community studies will answer the risk questions. 

2.4.2 DQO Process 

According to the EPA process document, Steps 3 and 4 of the eight-step ERA process co
process (EPA 1997a). The final COPCs, the nature of their effects on biota, the expos
assessment endpoints, questions to be answered, and the measurement
questions define the da

EPA, Kentucky state agencies, and the U.S. Geological Survey. The basic elements of
are described in EPA’s Guidance for the Data Quality Objectives Process (EPA 2000b)

2.4.3 Uncertainties of Step 4 

The uncertainties in Step 4 of the ERA process relate to the efficacy of the study as designed to a
the risk questions. Tests can confirm or deny toxicity from site media in excess of th
laboratory control group, but uncertainty remains about the ecological significance of 
effect. Natural variability makes short-term field studies of effects difficult to inte
species are difficult to rear successfully in the laboratory, and laboratory test species 

associated with
ingestion rates and foraging areas, are also difficult to obtain, so there is uncertainty ab
even when exposure estimates are based on site-specific tissue concentration data.
evidence are useful and recommended for reducing the uncertainty of ERAs at PGDP si
for lines of evidence, as well as the criteria for comparison of toxicity tests to toxici
should be set during the scoping process. 

2.4.4 Use of Step 4 

prescribe the site investigation required to complete the ERA and answer the risk quest
and types of measurements specified in the work plan are made according to the proc
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for toxicity tests and analytical chemistry are described in the RI work plan and field sampling plan for 
t

  purpose, 

 trations, 



terization (Step 7) 

s about the timing of the document other than it 

he probability of 
 are evaluated for 

uld describe the methods 
for verifying the study design. A memorandum from the ecological risk assessor to the risk manager 

e design is verified, then the risk manager must 
the memorandum should describe the 

ning uncertainties 
reported.  

S (STEP 6) 

, Step 6 of the ERA process, is the implementation of the site 

owing approval of 
ted in the report 

ACTERIZATION (STEP 7) 

d during the site 
nd effects data to 

assess the risk to the assessment endpoints (risk estimation). The risk characterization also presents 
information necessary to interpret the risk assessment and to decide upon adverse effect thresholds for the 
assessment endpoints (risk description). This presentation should include a qualitative and quantitative 
summary of risk results and uncertainties. 

2.7.1 Risk Estimation 

The lines of evidence, for which data were collected in the site investigation, are integrated in the risk 
characterization to support a conclusion about the significance of ecological risk. The different possible 

he site. The work plan or SAP should include the following: 

 The number and location of samples of each medium for each

 The comparison of analytical detection limits and threshold concen

 The full description of toxicity tests and population/community study designs, and 

 A description of how the results of site investigations will be used in the risk charac
to answer risk questions. 

Neither the ERAWG nor EPA has specific requirement
must follow Steps 1 through 3 and precede the ecological site investigation (EPA 1997a). 

2.5 VERIFICATION OF FIELD SAMPLING DESIGN (STEP 5) 

Verification of Field Sampling Design, Step 5 of the ERA process, evaluates t
successfully completing the study as designed. In this step, measurement endpoints
appropriateness and implementability. The work plan or SAP for the ERA sho

should describe the outcome of the verification. If th
approve the site investigation. If the design cannot be verified, 
revised study design and how it was verified. The verification process and any remai
about the study design should be discussed when the results of the site investigation are 

2.6 SITE INVESTIGATION AND DATA ANALYSI

Site Investigation and Data Analysis
investigation designed in Step 4 and verified in Step 5. An SMDP during or following the site 
investigation and data analysis is only required if changes to the SAP are required foll
the work plan. Approved alterations in the work plan for PGDP sites are documen
containing the risk characterization (i.e., the baseline ERA report). 

2.7 RISK CHAR

Risk Characterization, Step 7 of the ERA process, is conducted after data collecte
investigation have been analyzed. The risk characterization evaluates the exposure a
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lines of evidence are abiotic medium and tissue concentration data, toxicity test results, and 

ocess for each site 
ements are briefly 

ed in Step 7. Factors confounding the results of the site investigation should be discussed. Any 
Step 6) should be 

HQs for wildlife 
using the HQ equations 

 concentrations to 
 LOAELs.  

oint estimates are 
expected to be of 

lue for ERAs at PGDP sites because adequate data are typically lacking. If sufficient data exist 
bilistic risk estimates, they can be reported and used in PGDP ERAs to address the 

uncertainty of point estimates of risk. ERAs presenting probabilistic risk estimates must have an approved 
 risk assessments 

 context. The risk 
or effects on the 
ded by threshold 
 in Steps 1 and 2, 

threshold concentrations for wildlife receptors are calculated using the conservative assumptions used to 
late HQs must be 
) can be used to 
DD) = TRV] and 

 
contaminated. A site-specific model needs to be developed for each site with more complex multimedia 

estimate generated 
ations, also can be 

tion may be useful for risk managers in estimating 
potential risk reduction, particularly for sites with contaminant concentrations elevated minimally above 
background.  

ERAs for PGDP sites should include estimates for the upper bound on the threshold concentrations for 
adverse ecological effects, i.e., those concentrations in environmental media that are associated with a 
probable effect (EPA 1997a). These upper-bound threshold concentrations are calculated using the site-
specific exposure assumptions identified in Step 3a, Reevaluation of COPCs, and toxicity benchmarks 
associated with potential adverse effects on test species (e.g., LOAELs). Upper-bound thresholds must be 
calculated on a site-specific basis and presented in the ERA report. 

population/community data. 

The weight given to the different lines of evidence is determined during the scoping pr
and established in the DQOs (Step 4); thus, the inferences made from the measur
describ
alterations to the study design during Field Verification (Step 5) and Site Investigation (
described. 

If site-specific tissue concentration data are available from the site investigation, 
receptors preying on those tissues are calculated. These HQs are calculated 
(Appendix C) with appropriate exposure estimates and TRVs. In Step 7, the full range of risk estimates 
can be provided by calculating HQs using the central tendency and maximum tissue
estimate exposure and TRVs associated with a range of adverse effect from NOAELs to

ERAs for PGDP sites will not present only probabilistic estimates of exposure; p
required. The ERAWG concurs that probabilistic methods of quantifying risk are 
limited va
to calculate proba

work plan and include the documentation specified in EPA guidance on probabilistic
(EPA 1997b). 

2.7.2 Risk Description 

For PGDP ERAs, the risk characterization should put the level of risk at the site in
description should identify threshold concentrations in source or exposure media f
assessment endpoint. EPA indicates that the range of potential effects be boun
concentrations associated with no effect and probable effect (EPA 1997a). As discussed
PGDP NFA levels bound the range at the lower end for receptors exposed by direct contact. Lower bound 

calculate preliminary HQs in Step 3a. All site-specific parameter values used to calcu
described and the source of the values identified. The HQ equations (Appendix C
calculate threshold concentrations by setting the HQ equal to 1 [average daily dose (A
solving for the medium concentration. This formula applies only to sites at which a single media is

exposures. 

Residual risk, which is the difference between the risk estimate for the site and a risk 
using the same method but with background concentrations as the exposure concentr
presented in the Step 7 risk description. This informa
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 substance should 
remedial decision. 
 observed toxicity 
posure of wildlife 

 may be inaccurate or imprecise. Nevertheless, if the DQOs for the 
on were achieved, risk managers should have sufficient confidence in the conclusions of 

management decision. 

ecological significance of the estimated risk to 
nts in the absence of any remedial action. In the final step of the EPA eight-step ERA 

process, risk managers use the results of the risk characterization and the conclusions of the professional 

GDP sites is reported in the ERA, which may be included in the RI/FS, or 

 Step 8 for PGDP 
guidance on risk 
risk to ecological 

minants of 
concern (COCs) in place with controls on exposure and monitoring. This decision can be documented in 

ssment concludes there is no risk to ecological receptors, then the results of 
 the decision documents, justifying no further evaluation or other actions 

table risk, then the 
rocess. If the risk 
o provide input to 

ROCESS 

The ERA process for PGDP sites includes up to eight steps and five SMDPs. Several documents report 
the results of these steps and the decisions made by risk managers at the SMDPs. Decisions whether to 
continue the ERA process occur after the screening-level ERA (Steps 1 and 2) and again after Step 3, 
Problem Formulation. The ecological risk assessment input (Step 8) to the risk management decision to 
remediate the site should occur after the risk characterization (Step 7). Ecological risk assessors for PGDP 
sites continue to support the risk management decision making process by providing input to decision 
documents. 

 

2.7.3 Step 7 Uncertainties 

At Step 7 of the ERA process for PGDP sites, the uncertainty about the risk posed by a
have been reduced to a level that allows risk managers to make a technically defensible 
Uncertainty will, however, remain at the risk characterization step. The actual cause of
and reductions in populations may be unknown, and the actual expected level of ex
receptors to contaminated site media
site investigati
the ERA to make a risk 

2.7.4 Use of Step 7 

The risk characterization provides information to judge the 
assessment endpoi

ecological risk assessor to determine whether remedial action is required. 

2.7.5 Reporting Step 7 

Step 7 of the ERA process for P
as a separate document. Neither the ERAWG nor EPA has specific requirements about the timing of the 
document, other than it must follow Steps 1 through 6 (EPA 1997a). 

2.8 RISK MANAGEMENT (STEP 8) 

Step 8 of the ERA process is Risk Management. The role of ecological risk assessors in
sites is to advise risk managers during the final SMDP. EPA provides additional 
management (EPA 1999b). If the risk characterization (Step 7) concludes there is 
receptors, the risk management decision is whether to remediate the site or to leave conta

the ERA report. If the risk asse
the ERA can be summarized in
to address ecological risk. If the ecological assessment concludes that there is unaccep
ecological risk assessors continue to provide input as part of the decision making p
managers conclude there is unacceptable risk, then ecological risk assessors continue t
risk management decisions following the completion of the RI. 

2.9 SUMMARY OF ERA P
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3. INPUT TO DECISION DOCUMENTS 

ents for sites with 
ns of the adverse 

 controls; and the 
 the selection of 
esponding RCRA 

engineering evaluation/cost assessments, and site management plans (EPA 1999c). Ecological risk 
o, FSs, NFA decision documents, proposed plans, RODs, and 5-year review 

d in the following subsections. 

site 
ied in the ERA for 
ness of alternative 

 action. TCLs for 
cuments. Ecological 

an environmental 
to derive cleanup 

ted for remedial action 

d be discussed.  

 data on natural 
ioactive decay, on 
t PGDP sites. 

The detailed evaluation of alternative response actions in the FS for PGDP sites with ecological COCs 
pacts on ecological resources. Impacts on the ERA 

assessment endpoints must be evaluated so that risk managers will be able to compare, on an equivalent 
rces that are not 
ust be evaluated. 

 will allow those 

3.2 NO FURTHER ACTION DECISION DOCUMENTS 

NFA decision documents will generally require a summary of site risks. Two of the three CERCLA NFA 
decision documents identified by EPA guidance on RODs require risk summaries: those where remedial 
action is not necessary for protection because there is no risk and those where no action is necessary 
because previous response actions at the site have reduced or eliminated risk (EPA 1999c). According to 
EPA, NFA decision documents for sites where there is “No CERCLA authority to take action” do not 
include a summary of site risks (EPA 1999c). 

Ecological risk assessors should provide input to CERCLA and RCRA decision docum
ecological resources. This input includes summaries of ERAs and screenings; evaluatio
effects on habitats, ecological receptors, and the effectiveness of proposed exposure
requirements of monitoring plans. Decision documents and documents supporting
response actions include FSs, proposed plans, records of decision (RODs), their corr
documents, and other remedy selection decision documents, such as those documenting NFA decisions, 

analyses for, and inputs t
documents are discusse

3.1 FEASIBILITY STUDY 

The FS for a PGDP site requires input from ecological risk assessors. Typically, the FS for a PGDP 
will include a summary of the findings of the ERA for the site, TCLs for COCs identif
the site, and qualitative evaluation of impacts on ecological resources and effective
response actions.  

Site-specific TCLs should be derived in the FS for each site considered for remedial
PGDP sites should be reported in the FS for the site, as well as later decision do
TCLs for sites having an ERA are typically the highest concentration of a substance in 
medium that is protective of assessment endpoints. The assumptions and data used 
levels must be justified in the FS. If an FS is produced for sites that have been selec
before an ERA, then the ecological TCLs for the site should be reported as part of the development of 
remedial goal options in the FS, and the assumptions and data used to derive them shoul

Until PGDP develops a substantial body of relevant published and site-specific
attenuation, degradation should not be included in the calculation of cleanup goals. Rad
the other hand, should be considered when developing cleanup goals for radionuclides a

should include a qualitative evaluation of im

basis, the risks of cleanup alternatives and the NFA alternative. Ecological resou
assessment endpoints but which are potentially impacted by response actions also m
Evaluating all identifiable impacts to all ecological resources for each alternative
alternatives to be compared. 
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The summary of site risks in NFA decision documents must include a summary of r
receptors. The summary should provide sufficient information to support the dete
remedial action is needed to ensure protection of ecological receptors. The summary s
basis for concluding that ecological receptors will not experience unacceptable exposures to

isks to ecological 
rmination that no 
hould explain the 

, and effects 
from, hazardous substances. The summary should correlate with current and potential future site 

te.  

a summary of the 
public involvement in the remedy 

 
ection of the plan 

 provide a brief, 
 the nature and extent of risk to ecological receptors. The 

n should not include extensive 
tables of risk calculations, which are more appropriate to the ROD. If ecological risks are a basis for the 
s e, then the proposed plan should include streamlined risk summary tables 
l

plan for PGDP sites should include the following: 

usions concerning 
pecies.  

For sites that have been selected for remedial action before an ERA is conducted, site-specific TCLs 
e proposed plan or ROD for the site. TCLs must be conservative estimates of 

FA values. PGDP 
rotect all potential 

te-specific TCL values may be based on a more limited set of receptors, and 
more sensitive receptors protected by NFA values may not occur at the site. 

3.4 RECORD OF DECISION 

The Summary of Site Risks section of RODs for PGDP sites should include a summary of risks to 
ecological receptors (EPA 1999c). The ROD should summarize the ERA at an appropriate level of detail 
for the complexity of the site and the risks identified. Each of the eight steps of the ERA process for 
PGDP sites should be summarized. 

conditions and uses of resources at the si

3.3 PROPOSED PLAN 

Proposed plans for PGDP sites and the equivalent for early actions should include 
ecological risk findings (EPA 1999c). The proposed plan facilitates 
selection process. Among other things, the document explains the reasons why the lead agency
recommends the preferred alternative for addressing contamination at the site. A major s
is the Summary of Site Risks, including risks to the environment (i.e., ecological risk). 

The Summary of Site Risks section of the proposed plan for PGDP sites should
descriptive narrative summary regarding
proposed plan is targeted to the general public. Therefore, the proposed pla

elected remedy at a PGDP sit
ike those suggested by EPA (1999c) (Appendix D). 

The summary of the ERA in the proposed 

 Ecological COCs in each medium, 
 Current and reasonably anticipated future habitats and land use, 
 Assessment endpoints, 
 Exposure pathways for ecological receptors, and 
 Summary of risk characterization. 

The summary of the risk characterization should address the basis for the concl
ecological risk for receptors exposed to each medium and the potential for risk to T&E s

should be reported in th
concentrations in environmental media that will protect all or most ecological receptors potentially 
exposed at the site. Site-specific TCLs may be larger than the corresponding PGDP N
NFA values are not site-specific and, therefore, must be sufficiently conservative to p
receptors at PGDP sites. Si
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The summary of the ERA in RODs for PGDP sites will contain tables of risk assessme
results. The summary of the screening-level risk assessment (Steps 1 and 2) should
screening-level benchmarks (PGDP NFA levels) and COPCs identified in the scre
concentrations (range, mean, and 95% UCLs) should be included in support of the su
through 3. Tables clearly summarizing preliminary HQs, TRVs, alternative benchmarks, relevant site-
specific exposure parameters and effects data, and the conclusions of the reevaluation o
should be included in the ROD. The summary of the problem formulation should inc
text, brief descriptions of site habitats, the CSM, exposure pathways, assessment endpo
for their selection. The types, number, and DQOs of samples and analyses for the site investigations 

nt parameters and 
 include tables of 
en. Tables of site 
mmary of Steps 1 

f COPCs (Step 3a) 
lude, as tables or 
ints, and the basis 

conducted to answer ecological risk questions should be summarized. Tables of results of site-specific 
ntration data 

units, there is no need to include calculations for units 
alculation, such as 
e NFA site’s risk 

ell as 
in the FS and proposed plan for the site. For sites that have been selected for remedial action before an 

t in environmental 
cussed above for 
 higher than NFA 

Input from ecological risk assessors to monitoring plans will be required if RODs for PGDP sites with 
 monitoring as part of the selected response action. The monitoring required to 
 must address the assessment endpoints and risk questions selected in Step 3 of the 

p 4, Study Design 
 addressed by the 

ear reviews. 

According to EPA and DOE guidance, 5-year reviews at PGDP sites should identify, collect, and compile 
continue to be fully protective of 

hum  2001). For PGDP sites remediated under CERCLA 
g-Term Stewardship Program, information and data 

c ments established 
d these data will be 
collected under the auspices of the stewardship program and the five-year review requirement 
incorporated into this program as a reporting tool. 

According to DOE, five-year reviews at PGDP sites will include the following actions: 

 Evaluate whether the remedy is operational and functional; 

 Evaluate those assumptions critical to the effectiveness of remedial measures or the protection of 
human health and the environment (made at the time of the remedial decision) to determine, given 
current information, whether these assumptions are still valid; 

studies on effects (e.g., toxicity tests) and risk calculations based on site-specific tissue conce
will support the summary of the risk characterization.  

When calculating residual risks for a group of 
previously agreed to be NFA based upon an approved risk assessment (or alternative c
a screening assessment); however, the documentation should include by reference th
results. 

The site-specific TCLs for ecological receptors at a PGDP site should be reported in the ROD as w

ERA, these TCLs will be conservative estimates of concentrations of substances presen
media that will protect ecological receptors potentially exposed at the site. As dis
proposed plans, TCLs are often equal to PGDP screening NFA values, but also may be
values. 

ecological risk specify
address ecological risk
ERA process. The work plan for monitoring programs should repeat PGDP ERA Ste
and DQO Process, to ensure that the measurements will answer the risk questions being
monitoring with sufficient confidence to support risk management decisions during 5-y

3.5 FIVE-YEAR REVIEW 

the necessary information and data to determine whether remedies 
an health and the environment (EPA 1999c; DOE

authorities and monitored under the DOE’s Lon
ollected to assess remedy performance will be based primarily on monitoring require
uring the implementation and closeout phases of the CERCLA process. In general, 
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

r there are opportunities to optimize the long-term performance of the remedy or 

valuation of those 
 the basis for the 

e operational and functional. Performance indicators, therefore, must 
include measures relevant to the exposure of ecological receptors identified in the ERA as being at risk 
from COCs in one or more medium at the site. 

 

 Determine whether “fixes” are required to address any identified deficiencies; and 

 Evaluate whethe
reduce life-cycle costs. 

Each of these four review activities must consider ecological risk at the site. An e
parameters established as appropriate indicators of performance at the site serves as
determination of whether remedies ar
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PGDP NO FURTHER ACTION LEVELS 

ia used to screen 
 [i.e., chemicals of 

vative estimates of chemical concentrations 
re not necessarily 

 for the combined 
idual radionuclides 

e relative abundance of radionuclides is a 
ls resulting in the 

ociated RESRAD-

ber of chemical 
me from various sources, which were identified and unanimously 

). Representatives 
rotection Agency 

lected values. The 

assessment (ERA) 
hether or not they 
evaluated through 

bioaccumulate is based on the list developed for the 

stituents by direct 
contact with the medium. NFA levels do not protect receptors potentially exposed by ingestion to 

have accumulated in the tissue of their food items. The presence of substances that 
Step 3 of the ERA process for PGDP sites, but these 

e ERA proceeds to Step 3. 

S  on the following 
h

for soil;  

(3) Values selected from among KDEP screening values, LANL soil screening values [minimum 
ecological screening level (ESL)], Oak Ridge soil screening values, and values in EPA’s Hazardous 
Waste Combustor Guidance based on professional judgment. 

The NFA value for any particular chemical may be chosen from a lower tier if the value from the higher 
tier is not appropriate for use at PGDP. Chemicals for which a lower tier value was selected over a value 
available from a higher tier are footnoted with the rationale for the selection. The source for each value is 
noted in the screening table next to the value.  

No Further Action (NFA) levels for chemicals are concentrations in abiotic med
constituents detected at a site to identify those constituents that require further evaluation
potential concern (COPCs)]. NFA levels are generally conser
that will not adversely affect ecological receptors with high probability. NFA levels a
acceptable cleanup goals because of their potentially extreme conservatism. 

The NFA level for radionuclides is a threshold “no effect” dose. The threshold dose is
exposure to all radionuclides present at a site. NFA levels cannot be derived for indiv
unless a relative abundance of radionuclides is specified and th
site-specific property. For any specified distribution of radionuclides at a site, NFA leve
threshold dose can be derived using DOE Standard 1153-2002 (DOE 2002) and the ass
BIOTA software (available at http://web.ead.anl.gov/resrad/home2/biota.cfm). 

NFA levels for soil, sediment, and surface water are provided for a limited num
constituents. The available NFA levels co
agreed upon by the members of the Ecological Risk Assessment Working Group (ERAWG
of Kentucky Department for Environmental Protection (KDEP), U.S. Environmental P
(EPA), and U.S. Department of Energy developed the hierarchy of sources and the se
agreed-upon NFA levels are briefly described here. 

The ERAWG agreed that for Paducah Gaseous Diffusion Plant (PGDP) ecological risk 
substances that potentially bioaccumulate will be considered in Step 3 of the ERA, w
exceed NFA levels. As part of Step 3a, these substances that bioaccumulate will be 
food-chain modeling. The list of substances that 
Great Lakes Water Quality Initiative. The list of substances that bioaccumulate for PGDP appears in 
Table A.1. NFA levels are based on the risk to organisms that are exposed to single con

substances that 
bioaccumulate is not necessarily sufficient to trigger 
substances should be considered if th

oil NFA levelsThe soil NFA levels for chemicals (Table A.2) are selected based
ierarchy:  

(1) EPA Eco-SSLs; 

(2)   EPA Region 4 screening values 
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The soil NFA levels for radionuclides (Table A.3) are calculated from the NFA do
consensus NFA dose for receptors exposed to radionuclides in PGDP soil is 0.1 rad
recommended National Council on Radiation Protection (NCRP) threshold dose for 
(1 rad/day) times a safety factor of 0.1 (NCRP 1991). In lieu of site-specific rad
abundance data, the PGDP NFA levels for soil are radionuclide soil-screening benchm
plants and animals using RESRAD-BIOTA, Version 1.21, for soil for the terre

se. The ERAWG 
/day, which is the 
soil invertebrates 
ionuclide relative 
arks for terrestrial 

strial animal and plant 
y. The calculated 

r chemicals. 

The sediment NFA levels (Table A.4) for chemicals come from the following 

(

screening values, 
ed on professional 

tic environment is 
 dose (Table A.5). 
P sediment is 0.1 

is the recommended NCRP threshold dose for aquatic receptors (1 rad/day) times a safety 
, the PGDP NFA 

and 
riparian animal receptors with the default dose adjusted to the ERAWG consensus value of 0.1 rad/day. 

radionuclides are used in the same way as sediment NFA 

The surface water NFA levels (Table A.6) come from the following 
hierarchy of sources:    

(

eening values, and 
ment  

 (Table A.7). The 
surface water is 

0.1 rad/day, which is the recommended NCRP threshold dose for aquatic receptors (1 rad/day) times a 
safety factor of 0.1 (NCRP 1991). In lieu of site-specific radionuclide relative abundance data, the PGDP 
NFA levels for surface water are generated using RESRAD-BIOTA, Version 1.21, for surface water for 
the riparian animal receptor with the default dose adjusted to the ERAWG consensus value of 0.1 rad/day 
to correspond to PGDP surface water NFA radiological doses of 0.1 rad/day. The radionuclide screening 
benchmarks are derived for parent isotopes and all short-lived daughter products using the radionuclide 
exposure model of Blaylock et al. (1993), thus, including internal and external exposures from all major 
alpha, beta, and gamma emissions for each isotope. Screening benchmarks for small fish are used because 
vertebrates are thought to be more sensitive than invertebrates (NCRP 1991). The calculated PGDP 

receptors with the default dose adjusted to the ERAWG consensus value of 0.1 rad/da
PGDP soil NFA levels for radionuclides are used in the same way as soil NFA levels fo

Sediment NFA levels
hierarchy of sources:  

1) EPA Region 4 values and 

(2) Values selected from among KDEP screening values, Oak Ridge sediment 
consensus TECs, and values in EPA’s Hazardous Waste Combustor Guidance bas
judgment  

The ERAWG consensus NFA dose for receptors exposed to radionuclides in the aqua
0.1 rad/day. The sediment NFA levels for radionuclides are calculated from the NFA
The ERAWG consensus NFA dose for receptors exposed to radionuclides in PGD
rad/day, which 
factor of 0.1 (NCRP 1991). In lieu of site-specific radionuclide relative abundance data
levels for sediment are generated using RESRAD-BIOTA, Version 1.21, for sediment for the aquatic 

The calculated PGDP sediment NFA levels for 
levels for chemicals. 

Surface water NFA levels

1) The Kentucky Warm Water Aquatic Habitat criterion  

(2) The federal NRWQC chronic CCC  

(3) EPA Region 4 values 

(4) Values selected from among KDEP screening values, Oak Ridge surface water scr
values in EPA’s Hazardous Waste Combustor Guidance based on professional judg

The surface water NFA levels for radionuclides are calculated from the NFA dose
ERAWG consensus NFA dose for receptors exposed to radionuclides in PGDP 
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surface water NFA levels for radionuclides are used in the same way as surface water NFA levels for 
chemicals. 
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Table A.1. List of Substances that mulatea 

ical Class Chemical 

Bioaccu

Chem

Metals Mercury 

 Selenium 

Dioxins/Furans 2,3,7,8-TCDD 

 2,3,7,8-TCDF 

Semivolatile Organics rachlorobenzene 1,2,4,5-Tet

 Hexachlorobenzene 

 Hexachlorobutadiene 

 Hexachlorocyclohexane 

 Pentachlorobenzene 

Pesticides/PCBs 4,4’-DDD 

 4,4’-DDE 

 4,4’-DDT 

 alpha-BHC 

 beta-BHC 

 delta-BHC 

 gamma-BHC 

 alpha-Chlordane 

 Chlordane 

 gamma-Chlordane 

 Aroclor-1016 

 Aroclor-1221 

 Aroclor-1232 

 Aroclor-1242 
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1. List of Substances that Bioaccu a (Continued) 

al Class Chemical 

Table A. mulate

Chemic

 Aroclor-1248 

 Aroclor-1254 

 lor-1260 Aroc

 Polychlorinated biphenyls (PCBs) 

 Dieldrin 

 Toxaphene 

a Source July 8, 2008 e-mail from Brett Thomas, Region 4. 



Table A.2. PGDP Soil NFA Screening Values  
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Analyte 
FA Screening Value 

) 
Source for Screening Value PGDP N

(mg/kg
  

Inorganics  

inum 
If s  is less than 5.5, use 50; 
oth se no evaluation needed 

Eco-SSL; EPA Region 4 

ny 0.27 Eco-SSL 
18 Eco-SSL 

 330 Eco-SSL 
2.5 LANL ESL 
0.5 EPA Region 4 

mium 0.36 Eco-SSL 
mium (III and total) 26 Eco-SSL 

hromium (VI) 130 Eco-SSL 
  

t 13 Eco-SSL 
28 Eco-SSL 

arrative statement  Eco-SSL 
m 50 EPA Region 4 

d 11 Eco-SSL 
m 2 EPA Region 4 

ese 220 Eco-SSL 
y 0.1 EPA Region 4 

olybdenum 2 EPA Region 4 
Nickel 38 Eco-SSL 

ium 0.52 Eco-SSL 
 4.2 Eco-SSL 

tium 0.2 EPA Region 4 
m 1 EPA Region 4 

50 EPA Region 4 
  

1,000 EPA Region 4 
 400 EPA Region 4 

nium 5 EPA Region 4 
adium 7.8 Eco-SSL 

46 Eco-SSL 
s 

ine 10 EPA Region 4 
complex 5 EPA Region 4 

ide, free 0.9 EPA Region 4 
rine 30 EPA Region 4 

4 EPA Region 4 
500 EPA Region 4 

1 EPA Region 4 
arbons  

Benzene 0.01 EPA Region 4 
Biphenyl 60 EPA Region 4 
Ethylbenzene 0.03 EPA Region 4 
Toluene 0.01 EPA Region 4 
Xylene 0.1 EPA Region 4 
   
Phenolic compounds  
2,3,4,5-Tetrachlorophenol 20 EPA Region 4 
2,4,5-Trichlorophenol 4 EPA Region 4 
2,4,6-Trichlorophenol 10 EPA Region 4 

Alum
oil pH
erwi

Antimo
enic Ars

Barium
Berylliuma 
Boron 
Cad
Chro
C
 
Cobal
Copper 
Iron n
Lanthanu
Lea
Lithiu
Mangan
Mercur
M

Selen
Silver
Techne

alliuTh
Tin 
 
Titanium

sten
 

Tung
Ura
Van
Zinc 
Mineral pollutant
Brom
Cyanide, 
Cyan
Fluo
Iodine 
Sulfur 
Thiocyanates 
Aromatic hydroc



 

Table A.2. PGDP Soil NFA Screening Values (Continued) 
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nalyte 
Value 

(mg/kg) 
 for Screening Value PGDP NFA Screening 

A
Source

  

2,4-Dinitrophenol 20 EPA Region 4 
enol 20 EPA Region 4 
 7 EPA Region 4 

4-Nitrophenol 7 EPA Region 4 
s (total) 0.01 EPA Region 4 

  
   

2.1 Eco-SSL 
05 EPA Region 4 
  
  

 hydrocarbons  
  

29 Eco-SSL 
1.1 Eco-SSL 

rocarbons  
loride 0.4 EPA Region 4 
hane 0.02 EPA Region 4 

ne 0.1 EPA Region 4 
loroaniline 20 EPA Region 4 

2,4,5-Trichloraniline 20 EPA Region 4 
aniline 100 EPA Region 4 

roaniline 20 EPA Region 4 
20 EPA Region 4 

lorinated 
s (total) 0.1 

EPA Region 4 

  
2 EPA Region 4 

0.1 EPA Region 4 
02 EPA Region 4 

o-2-butene 1000 EPA Region 4 
e 0.1 EPA Region 4 

Dichloromethane 0.4 EPA Region 4 
zene 0.05 EPA Region 4 

ene 10 EPA Region 4 
Nitrobenzene 40 EPA Region 4 

nylamine 20 EPA Region 4 
) 0.02 EPA Region 4 

100 EPA Region 4 
05 EPA Region 4 
  

   
Tetrachloroethylene 0.002 EPA Region 4 
trans-1,4-Dichloro-2-butene 1000 EPA Region 4 
   
Trichloroethylene 0.001 EPA Region 4 
Vinyl chloride 0.01 EPA Region 4 
Pesticides 
Sum of 4,4’-DDT/4,4’-DDD/4,4’-
DDE 0.021 

Eco-SSL 

Aldrin 0.0006 EPA Region 4 

3,4-Dichloroph
3-Chlorophenol

Chlorophenol
 

Pentachlorophenol 
Phenol 0.
 
 
Polycyclic aromatic
 
LMW PAHs 
HMW PAHs 
Substituted hyd
Carbon tetrach
1,2-Dichloroet
1,2-Dichloropropa
2,3,5,6-Tetrach

2,4-Dichloro
3,4-Dichlo
3-Chloroaniline 
Aliphatic ch
hydrocarbon
 
Chloroacetamide 
Chlorobenzene 

rm 0.Chlorofo
cis-1,4-Dichlor
Dichlorobenzen

Hexachloroben
Hexachlorocyclopentadi

N-nitrosodiphe
PCBs (total
Pentachloroaniline 
Pentachlorobenzene 0.
 



 

Table A.2. PGDP Soil NFA Screening Values (Continued) 
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Analyte 
Value 

(mg/kg) 
 for Screening Value PGDP NFA Screening Source

  

Atrazine 0.0002 EPA Region 4 
lpha 0.0025 EPA Region 4 
eta 0.009 EPA Region 4 

aryl 0.00003 EPA Region 4 
0.00002 EPA Region 4 

drin 0.0049 Eco-SSL 
Endrin 0.00004 EPA Region 4 

 (lindane) 0.00005 EPA Region 4 
0.002 EPA Region 4 

  
  

tants 
0.000007 EPA Region 4 

0.05 EPA Region 4 
0.05 EPA Region 4 

Cyclohexane 0.1 EPA Region 4 
lphthalate 100 EPA Region 4 

thylphthalate 200 EPA Region 4 
hthalate 200 EPA Region 4 

 960 EPA Region 4 

  
0.1 EPA Region 4 
0.3 EPA Region 4 
0.1 EPA Region 4 
0.1 EPA Region 4 

BHC, a
, bBHC

bCar
Carbofuran 
Diel

gamma-BHC
Maneb 
 
 
Other pollu
Acrylonitrile 
Catechol 
Cresolsb 

Diethy
eDim

Di-n-butylp
Ethylene glycol
   
 
Pyridine 
Styrene 
Tetrahydrofuran 
Tetrahydrothiophene 

a Eco-SSL for beryllium was reviewed but lower LANL value which considers toxicity to plants was considered more appropriate for PGDP 

BHC = benzene hexachloride 
DDT = dichlorodiphenyl trichloroethane 
HMW=high molecular weight 
LMW=low molecular weight 
mg/kg = milligrams per kilograms 
NFA = No Further Action 
PAH = polycyclic aromatic hydrocarbon 
PCB = polychlorinated biphenyl 
PGDP = Paducah Gaseous Diffusion Plant 

screening.  



 

 
Table A.3. PGDP Soil NFA Screening Values for Radionuclides 

 NFA 
Radionuclide (pCi/g soil) 

  
Americiu

-137 2.
m-241 2.16E+03 

08E+01 
13E+02 

um-237 8.14E+02 
m-238 5.27E+03 

ium-239 1.27E+03 
ium-240 1.27E+03 
tium-99 2.19E+03 

9.98E+03 
5.13E+03 
2.75E+03 
1.57E+03 

NFA = activity (pCi/g) resulting in dose of 0.1 rad/day assuming secular equilibrium of parent an

Cesium
Cobalt-60 6.
Neptuni
Plutoniu
Pluton
Pluton
Techne
Thorium-230 
Uranium-234 
Uranium-235 
Uranium-238 

d
daughter products. 
NFA values from RESRAD-BIOTA, Version 1.5, Report for Level 2 (default values except dose
for plant adjusted to 0.1 rad/day) RESRAD-BIOTA software is available at 
http://web.ead.anl.gov/resrad/home2/biota.cfm. 
pCi/g = picocuries per gram 
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Table A.4. P ediment NFA Screening Values  
  

Analyte  

PGDP  
Screening 

Va Uni
Source for Screening 

Value 

G P SD

 NFA

lue ts 
Inorganics  
Aluminum 25, m KDEPa  

ony 12 m EPA Region 4b 
enic 7. mg/kg EPA Region 4 

ium 1 m EPA Region 4 
hromium 52 m EPA Region 4 

m KDEP 
 18 m EPA Region 4 

2 m KDEP 
d  3 m EPA Region 4 

anese  1, m Oak Ridgec  

ry  0. m EPA Region 4 
lmercury 0.00 m EPA Region 5d  

15.9 mg/kg EPA Region 4 
m 0. mg/kg EPA Haze  

m EPA Region 4 
dium 0. m KDEP  

1 mg/k EPA Region 4 
ounds 

57 g/kg TECf  
6 g/kg EPA Region 4 
9  EPA Region 5 
5  KDEP  

cene 1  TEC 
pyrene 1  TEC  

Benzo(k)fluoranthene 655 g/kg KDEP 
Benzo(b)fluoranthene 655 g/kg KDEP 
Bis(2-ethylhexyl)phthalate 182 g/kg EPA Region 4 
Carbon disulfide 23.9 g/kg  EPA Region 5 
Carbon tetrachloride 1450 g/kg  EPA Region 5 
Chlordane 1.7 g/kg EPA Region 4 
Chloroform 121 g/kg  EPA Region 5 

000   g/kg 
Antim g/kg 
Ars 24 
Cadm g/kg 
C .3 g/kg 

gCobalt 50 
er

/kg 
Copp .7 g/kg 
Iron 00 g/kg 
Lea 0.2 g/kg 
Mang 673 g

g/k
/kg 

Mercu
ethy

13 g 
M 001 g/kg 
Nickel 
Seleniu 1 
Silver 2 g/kg 
Vana 2 g/kg 
Zinc  

omp
24 g 

Organic c  
Anthracene .2 
Acenaphthene .7 
Acetone .9 g/kg 
Benzene 7 g/kg 
Benzo(a)anthra 08 g/kg 
Benzo(a) 50 g/kg 
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Table A.4. PG NFA Screening Values (Continued) 

Analyte 

PGDP  
Scree

Value Units 
Source for Screening 

Value 

DP Sediment 

 NFA
ning 

Chrysene 16   EPA Region 5  6 g/kg 
4,4’-DDD 3.

DE 3.
3  EPA Region 4 

 EPA Region 4 
3 g/k EPA Region 4 

 3. g/k EPA Region 4 
1 g/kg KDEP  

thracene 33 g/kg TEC  

enzene 50  KDEP 

enzene 17  KDEP 

chlorobenzene 12  KDEP 

oethane 0.5  KDEP  
e 26   EPA Region 5 

hene 19   EPA Region 5 

 EPA Region 4 
halate 29 g/kg EPA Region 5 

ins, total equivalent 0.0 g/kg EPA Region 4 
3  EPA Region 4 

ixed) 1.9 g/kg EPA Region 5 
Ethylbenzene 3,600 g/kg KDEP 
Fluoranthene 42.3 g/kg TEC 
Fluorene 77.4 g/kg TEC 
gamma-BHC (Lindane) 3.3 g/kg EPA Region 4 
Heptachlor epoxide 2.47 g/kg TEC 

g/kg 
g/k4,4’-D 3 g 

g4,4’-DDT .3  
Total 4,4’-DDT 3 g 
Diazinon .9 
Dibenzo(a,h)an
1,2-Dichlorob g/kg 
1,3-Dichlorob 0 g/kg 
1,4-Di g/kg 
1,1-Dichlor 75 g/kg 
1,2-Dichloroethan 0 g/kg 
1,1-Dichloroet .4 g/kg 

g/kDieldrin 3.3 g 
Diethylpht 5  
Diox 025  
Endrin .3 g/kg 
Endosulfan (m 4 

 

A-14 



 
 

A-15 

 

Table A.4. PG nt NFA Screening Values (Continued) 
 

Analyte 

PGDP  
Scre

Value Units 
Source for Screening 

Value 

DP Sedime

 NFA
ening 

Indeno(1,2,3-cd)pyrene 6 g/kg KDEP  55  
Malathion 6  KDEP 

alene 176  TEC 
nanthrene 2 g/kg TEC 

1,  EPA Region 4 
CBs 3 g/kg EPA Region 4 
 5 g/kg KDEP  

ne 9 g/k  EPA Region 5 
6  KDEP 

e 0.  KDEP 
e 2 g/kg KDEP 

17 g/kg KDEP 
ane 518 g/kg  EPA Region 5 

112 g/kg  EPA Region 5 
0.00001 g/kg KDEP 

1880 g/kg KDEP 
ppendix D, 2002) 

ion 5 
ste Combustor guidance 1994 

loride 
DDT = dichlorodipheny ichloroethane 
mg/kg = milligrams per kilogram 
NFA = No Further Action 
PAH = polycyclic aromatic hydrocarbon 
PCB = polychlorinated biphenyl 
PGDP = Paducah Gaseous Diffusion Plant 
TCDD = tetrachlorodibenzo-p-dioxin 
TCE = trichloroethene 
(µg/kg = micrograms per kilogram 

 

.7 g/kg 
Naphth g/kg 
Phe 04 
Total PAHs 684 g/kg 
Total P 3 
Pyrene 3 
Tetrachloroethe 90 g 
Toluene 70 g/kg 
Toxaphen 109 g/kg 
Toxaphen .2 

0 1,1,1-Trichloroethane 
1,1,2-Trichloroeth
TCE 
2,3,7,8-TCDD 
Xylenes (total) 
a value from KDEP (KRAGS A
b value is from EPA Region 4  
c value from Oak Ridge 1997 
d value if from EPA Reg
e value from EPA Hazardous Wa
f value is consensus TEC 
BHC = benzene hexach

l tr



 
 

Table A.5. PGDP Sediment NFA Scree  for Radionuclides  

onuclide 

 Sediment 
NFA level Based on 

Riparian Animal 
(pCi/g) 

ning Values
 

PGDP

Radi

Americium-241 5.16E+03 
Cesium-137 3.13E+03 

obalt-60 1.46E+03 
um-237 7.61E+03 

netium-99 4.23E+04 
um-230 1.04E+04 

onium-238 5.73E+03 
onium-239 5.87E+03 

— 
.27E+03 

3.73E+03 
Uranium-238 2.49E+03 

C
Neptuni
Tech
Thori

Plut
Plut
Plutonium-240 
Uranium-234 5
Uranium-235 

NFA = activity (pCi/g) resulting in dose of 0.1 rad/day assuming secular equilibrium of parent 
and daughter products. 
NFA values from RESRAD-BIOTA, Version 1.5, Report for Level 2 RESRAD-BIOTA 
software is available at http://web.ead.anl.gov/resrad/home2/biota.cfm.  

pCi/g = picocuries per gram 
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Table A.6. PGDP Sur g Values 

 PGDP NFA Screening Value 

face Water NFA Screenin
 

Analyte Type (g/L) 
Inorganics 

Aluminum eshwater ESV 
ony reshwater ESV 

ic  y State “warm water” 
nic (V) er and Tsao 1996) 

 nd Tsao 1996) 
llium  

 and Tsao 1996) 
 tate “warm water” 

loride ate “warm water” 
 eshwater ESV 

) tate “warm water” 
Chromium (VI) tate “warm water” 

obalt nd Tsao 1996) 
r ate “warm water” 

ee tate “warm water” 
ulfide ate “warm water” 

tate “warm water” 
  tate “warm water” 

nese  er and Tsao 1996) 
ury  ate “warm water” 

cury, methyl uter and Tsao 1996) 
Molybdenum er and Tsao 1996) 

el ate “warm water” 
um ate “warm water” 

eshwater ESV 
tium er and Tsao 1996) 

hwater ESV 
m reshwater ESV 

uter and Tsao 1996) 
 uter and Tsao 1996) 

um er and Tsao 1996) 
State “warm water” 

nium uter and Tsao 1996) 
nic 

Acenaphthene 17 Region 4 Freshwater ESV 
Acetone 1,500 Tier II (Suter and Tsao 1996) 
Acrolein 2.1 Region 4 Freshwater ESV 
Acrylonitrile 75.5 Region 4 Freshwater ESV 
Aldrin 0.3 Region 4 Freshwater ESV 
Anthracene 0.73 Tier II (Suter and Tsao 1996) 
Benzene 53 Region 4 Freshwater ESV 
Benzidine 25 Region 4 Freshwater ESV 
Benzo(a)anthracene 0.027 Tier II (Suter and Tsao 1996) 

87 Region 4 Fr
Antim 160 Region 4 F
   
Arsen 150 Kentuck
Arse

ium
3.1 Tier II (Sut

Bar 4 Tier II (Suter a
 Freshwater ESV Bery 0.53 Region 4

Boron 1.6a Tier II (Suter
0.147b Kentucky SCadmium

Ch 600,000 Kentucky St
Chlorine 11 Region 4 Fr

bChromium (III 43.8  Kentucky S
11 Kentucky S

C 23 Tier II (Suter a
4.62b Kentucky StCoppe

Cyanide, fr
n s

5.2 Kentucky S
Hydroge

n 
2 Kentucky St

1,000c Kentucky SIro
1.12b Kentucky SLead

Manga
erc

120 Tier II (Sut
y StM 0.77 Kentuck

Mer 0.0028 Tier II (S
370 Tier II (Sut

26.04b Kentucky StNick
Seleni 5 Kentucky St
Silver 
Stron

0.012 Region 4 Fr
1,500 Tier II (Sut

Sulfide 2 Region 4 Fres
Thalliu 4 Region 4 F
Tin 73 Tier II (S
Uranium 2.6 Tier II (S
Vanadi

  
20 Tier II (Sut

y 59.71b KentuckZinc
Zirco 17 Tier II (S

Orga compounds 
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Table A.6. PGDP Surface W es (Continued) 

 ening Value 

ater NFA Screening Valu

PGDP NFA Scre
Analyte Type (g/L) 

Benzo(a)pyrene er and Tsao 1996) 0.014 Tier II (Sut
Benzoic acid uter and Tsao 1996) 

uter and Tsao 1996) 
 Freshwater ESV 
 Freshwater ESV 

her reshwater ESV 
yl)phthalate reshwater ESV  

 reshwater ESV 
yl phenyl ether reshwater ESV 

ne er and Tsao 1996) 
enzylphthalate eshwater ESV 

sulfide nd Tsao 1996) 
de reshwater ESV 

zene reshwater ESV 
y State “warm water” 

roform eshwater ESV 
opyrifos ate “warm water” 

loroethylvinyl ether  Freshwater ESV 
lorophenol eshwater ESV 

l-4-Chlorophenol eshwater ESV 
er and Tsao 1996) 

 State “warm water” 
reshwater ESV 
reshwater ESV  

y State “warm water” 
y State “warm water” 

er and Tsao 1996) 
reshwater ESV 

enzene reshwater ESV 
zene reshwater ESV 

roethane nd Tsao 1996) 
ethane reshwater ESV 

hylene reshwater ESV 
chloroethylene reshwater ESV 

otal) uter and Tsao 1996) 
ophenol reshwater ESV 

propane eshwater ESV 
opropylene  eshwater ESV 

ate “warm water” 
ethylphthalate eshwater ESV 

Dimethylphthalate 330 Region 4 Freshwater ESV 
2,4-Dimethylphenol 21.2 Region 4 Freshwater ESV 
Di-n-butylphthalate 9.4 Region 4 Freshwater ESV 
2-Methyl-4,6-Dinitrophenol 2.3 Region 4 Freshwater ESV 
2,4-Dinitrophenol 6.2 Region 4 Freshwater ESV 
2,4-Dinitrotoluene 310 Region 4 Freshwater ESV 
Endosulfan, alpha 0.056 Kentucky State “warm water” 
Endosulfan, beta 0.056 Kentucky State “warm water” 
Endosulfan, mixed isomers 0.051 Tier II (Suter and Tsao 1996) 
Endrin 0.036 Kentucky State “warm water” 
   

42 Tier II (S
Benzyl alcohol 8.6 Tier II (S
BHC, alpha 500 Region 4
BHC, beta 

Chloroethyl) et
5,000 Region 4

bis(2- 2,380 Region 4 F
 4 Fbis(2-Ethylhex 0.3 Region 

Bromoform 293 Region 4 F
4-Bromophen 12.2 Region 4 F
2-Butano 14,000 Tier II (Sut

4 FrButylb 22 Region 
Carbon di 0.92 Tier II (Suter a
Carbon tetrachlori 352 Region 4 F
Chloroben 195 Region 4 F
Chlordane 0.0043 Kentuck
Chlo 289 Region 4 Fr

y StChlor 0.041 Kentuck
2-Ch 3,540 Region 4
2-Ch 43.8 Region 4 Fr
3-Methy
Decane 

0.3 Region 4 Fr
49 Tier II (Sut

Demeton 0.1  Kentucky
4,4’-DDD 0.0064 Region 4 F
4,4’-DDE 10.5 Region 4 F
4,4’-DDT 0.001 Kentuck

0.17 KentuckDiazanon 
Dibenzofuran 

benzene 
3.7 Tier II (Sut

1,2-Dichloro 15.8 Region 4 F
1,3-Dichlorob 50.2 Region 4 F
1,4-Dichloroben 11.2 Region 4 F
1,1-Dichlo 47 Tier II (Suter a
1,2-Dichloro 2,000 Region 4 F
1,1-Dichloroet 303 Region 4 F
1,2-Trans-Di 1,350 Region 4 F
1,2-Dichloroethene (t 590 Tier II (S
2,4-Dichlor 36.5 Region 4 F
1,2-Dichlor

r
o 525 Region 4 Fr

1,3-Dichlo 24.4 Region 4 Fr
Dieldrin 0.056 Kentucky St
Di 521 Region 4 Fr
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Table A.6. PGDP Surface W es (Continued) 

 reening Value 

 
ater NFA Screening Valu

 
PGDP NFA Sc

Analyte Type (g/L) 
Ethylbenzene 453 Region 4 Freshwater ESV 
Fluoranthene eshwater ESV 

 (lindane) eshwater ESV 
y State “warm water” 
y State “warm water” 

poxide State “warm water” 
lorobutadiene reshwater ESV 

opentadiene reshwater ESV 
hloroethane reshwater ESV 

ne nd Tsao 1996) 
ne nd Tsao 1996) 
nylhydrazine reshwater ESV 

 Freshwater ESV 
ate “warm water” 

hlor ate “warm water” 
l bromide eshwater ESV 

oride reshwater ESV 
ne chloride reshwater ESV 
lnaphthalene uter and Tsao 1996) 

uter and Tsao 1996) 
ate “warm water” 

halene eshwater ESV 
e eshwater ESV 
l reshwater ESV 

enol  Freshwater ESV 
amine reshwater ESV 

nd Tsao 1996) 
ate “warm water” 

uter and Tsao 1996) 
  State “warm water” 
e hwater ESV 

late esters pendix D value 
l eshwater ESV 

nated biphenyls tate “warm water” 
uter and Tsao 1996) 

lorobenzene reshwater ESV 
lene hwater ESV 

Dioxin reshwater ESV  
rachloroethane reshwater ESV 

Toluene 175 Region 4 Freshwater ESV 
Toxaphene 0.0002 Kentucky State “warm water” 
Tributyltin 0.072 Kentucky State “warm water” 
Trichloroethene 47 Tier II (Suter and Tsao 1996) 
1,2,4-Trichlorobenzene 44.9 Region 4 Freshwater ESV 
1,1,1-Trichloroethane 528 Region 4 Freshwater ESV 
1,1,2-Trichloroethane 940 Region 4 Freshwater ESV 
2,4,6-Trichlorophenol 3.2 Region 4 Freshwater ESV 
Vinyl acetate 16 Tier II (Suter and Tsao 1996) 
   

39.8 Region 4 Fr
gamma-BHC 0.08 Region 4 Fr
Guthion 0.01 Kentuck
Heptachlor 0.0038 Kentuck
Heptachlor e 0.0038 Kentucky 
Hexach 0.93 Region 4 F
Hexachlorocycl 0.07 Region 4 F
Hexac 9.8 Region 4 F
Hexa 0.58 Tier II (Suter a
2-Hexano 99 Tier II (Suter a
1,2-Diphe 2.7 Region 4 F
Isophorone 1,170 Region 4
Malathion 0.1 Kentucky St
Methoxyc 0.03  Kentucky St
Methy 110 Region 4 Fr
Methyl chl 5,500 Region 4 F
Methyle 1,930 Region 4 F
1-Methy 2.1 Tier II (S
2-Methylphenol 13 Tier II (S
Mirex 0.001 Kentucky St
Napht 62 Region 4 Fr
Nitrobenzen 270 Region 4 Fr
2-Nitropheno 3,500 Region 4 F
4-Nitroph 82.8 Region 4
N-nitrosodiphenyl
2-Octanone 

58.5 Region 4 F
8.3 Tier II (Suter a

Parathion 0.013 Kentucky St
1-Pentanol 110 Tier II (S

9.05d KentuckyPentachlorophenol
Pentachlorobenzen 50 Region 4 Fres
Phtha

o
3 KRAGs Ap

Phen 256 Region 4 Fr
Polychlori 0.0014 Kentucky S
2-Propanol 7.5 Tier II (S
1,2,4,5-Tetrach 50 Region 4 F
Tetrachloroethy 84 Region 4 Fres
2,3,7,8-
1,1,2,2-Tet

TCDD- 0.00001 Region 4 F
240 Region 4 F
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Table A.6. PGDP Surface W  (Continued) 

 ning Valuea 

ater NFA Screening Values
 

PGDP NFA Scree
Analyte Type (g/L) 

m-Xylene 1.8 Tier II (Suter and Tsao 1996) 
Xylenes (total) 13 Tier II (Suter and Tsao 1996) 

minants of 
dge, TN. 

O3) from source: Birge, 
. J. Price 2002. ater Samples Collected 

Report. Division of Waste Management, Kentucky 
otection. 

n shall not exceed three and five-tenths (3.5) mg/L if aquatic life has not been shown to be 

ssumes a pH of 7.3 ( average of values from Birge and Price 2002).  
de 

enyl trichloroethane 
ESV = ecological screening value 
KDEP Kentucky Department for Environmental Protection 
NFA = No Further Action 
TCDD = tetrachlorodibenzo-p-dioxin 
(µg/L = micrograms per liter 

Source: Suter, G. W. II and C. L. Tsao 1996. Toxicological Benchmarks for Screening Potential Conta
Concern for Effects on Aquatic Biota, ES/ER/TM-96/R2, Oak Ridge National Laboratory, Oak Ri
a Tier II value chosen over EPA Region 4 value of 750; EPA value based on crop irrigation. 
b Hardness dependent, uses minimum hardness value from Bayou Creek system, 44 (mg/L as CaC
W. J. and D Analysis of Polychlorinated Biphenyl Mixtures (PCB) and Metals in W
from the Bayou Creek System on August 13-14, 2001. Final 
Department for Environmental Pr
c for iroThe chronic criterion 
adversely affected. 
d pH dependent, a
BHC = benzene hexachlori
DDT = dichlorodiph
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Table A.7. PGDP N urface W

dionuclide 

P Surface Water 
NFA level Based on 

Aquatic Animal  
(pCi/L) 

FA S ater Values for Radionuclides 
 

PGD

Ra
Americium-241 4.38E+01 

Cesium-137 1.05E+02 
obalt-60 3.76E+02 
unium-237 6.85E+00 
netium-99 2.47E+05 
rium-230 2.57E+02 

onium-238 1.76E+01 
onium-239 1.87E+01 

Plutonium-240 — 
.02E+01 

7.37E+02 
.24E+01 

 
 Surface water benchmark for small fish ( 0.1. Surface wate

C
Nept
Tech
Tho

Plut
Plut

Uranium-234 2
Uranium-235 
Uranium-238 2

 
PGDP Surface Water NFA = r 

is from Bechtel Jacobs Company LLC 1998. benchmark for small fish Radiological 
Benchmarks for Screening Contaminants of Potential Concern for Effects on Aquatic Biota
at Oak Ridge National Labo tory, Oak Ridge, Tennessee, BJC/OR-80, Environmental 
Management and Enrichment F ies, Oak Ridge, TN. 
NFA = No Further Action 
pCi/L = picocuries per liter 
PGDP = Paducah Gaseous Diffusion Plant 

ra
acilit
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Table A.8. NOAEL-based TRVs for PGDP Wildlife Receptors 

Mammalian TRV 
g dw/kg bw

Bird TR
g dw/kg 
bw/d) Source 

 

   (m  /d) 

V 
(m

Chemical       

 4,4’-DDT 0.147 0.227 Eco-SSLa  

1,2-Dichloroethane 50 17.2 CHPPM 

4,4’-DDD 0.147 0.227 Eco-SSL 

4,4’-DDE 0.147 0.227 Eco-SSL 

Acrylonitrile 0.46 NA CHPPM 

Aldrin 0.2 NA CHPPM 

Aluminum 1.93 100 CHPPM 

Antimony 0.059 NA Eco-SSL 

Arsenic 1.04 Eco-SSL 2.24 

Barium 51.8 Eco-SSL NA 

Benzene 26.36 NA CHPPM 

Beryllium 0.532 NA Eco-SSL 

BHC, alpha 87 L Ecorisk database NA LAN

BHC, beta 0.4 38.3 LANL Ecorisk database 

Cadmium 0.77 1.47 Eco-SSL 

Carbon tetrachloride 16 NA CHPPM 

Chlorobenzene 60 NA LANL Ecorisk database 

Chloroform 15   CHPPM 

Chromium (III and total) 2.4 2.66 Eco-SSL 

Chromium (VI) 9.24 NA Eco-SSL 

Cobalt 7.33 7.61 Eco-SSL 

Copper 5.6 4.05 Eco-SSL 

Cyanide, form unspecified 68.7 0.04 CHPPM 

Dieldrin 0.015 0.070 Eco-SSL 9 

Diethylphthalate 4583   CHPPM 

Di-n-butylphthalate 550 0.11 CHPPM 

Endrin 0.092 0.01 CHPPM 

Hexachlorobenzene 1.6 0.225 CHPPM 

Hexachlorocyclopentadiene 3.8 NA CHPPM 

HMW PAHs 0.615 NA Eco-SSL 

Lead 4.7 1.63 Eco-SSL 

Lithium 9.4   CHPPM 

LMW PAHs 65.6 NA Eco-SSL 

Manganese 51.5 179 Eco-SSL 
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Table A.8. NOAEL-basedTRVs f ildlife Receptors (Continued) 
 

Mammalian TR  
(mg dw/kg bw

Bird TR
(mg dw/kg 

bw/d Source 

or PGDP W

 
V

/d) 

V  

) 

Chemical     

Mercury (mecuric chloride) 1 0.45 CHPPM 

mercury (methyl) 0.032 0.006 CHPPM 4 

Molybdenum 0.26 3.5 CHPPM 

Nickel 1.70 6.71 Eco-SSL 

PCBs (total) 0.36 CHPPM 0.09 

Pentachlorobenzene 7.25 NA CHPPM 

Pentachlorophenol 8.42 6.73 Eco-SSL 

Phenol 60 NA LANL Ecorisk database 

Selenium 0.143 0.290 Eco-SSL 

Silver 6.02 2.02 Eco-SSL 

Tetrachloroethylene 1.4 NA CHPPM 

Thallium 0.48 0.35 CHPPM  

Tin 23.4 6.8 CHPPM 

Toluene 26 NA CHPPM 

Trichloroethylene 0.7 NA CHPPM 

Uranium 3.07 16 CHPPM 

Vanadium 4.16 0.344 Eco-SSL 

Vinyl chloride 0.17 NA CHPPM 

Xylene 2.1 NA CHPPM 

Zinc 75.4 66.1 Eco-SSL 
a Eco-SSLs in mg dw/kg/day 

 
Sources for TRVs are the Eco-SSLs,(http://www.epa.gov/ecotox/ecossl/), the Oak Ridge Risk Assessment Information System (RAIS) database 
(http://rais.ornl.gov/), the EPA Ecotox database (http://www.epa.gov/ecotox/), the LANL Ecorisk database, and CHPPM (http://chppm-
www.apgea.army.mil/documents/tg.htm).  

 



 

 

 A.9. LOAEL-base P Wildlife Receptors 
 

Chemica TRV 

d
bw/d) 

Source Mammalian TRV 
(mg ) 

Source 

 
 

 Table d TRVs for PGD

l Bird 
(mg 
w/kg 

 dw/kg bw/d

Aluminum Ochoa (1996 
W) 

Ochoa (1996 
EBW) 

1100 
EB

49 

Antimony NV A Eco SSLs N 0.59 
Arsenic  o SSLs Eco SSLs 3.55 Ec 1.66 
Barium 1996 EBW Eco SSLs 41.7 119 
Beryllium NV NA Eco SSLs 0.63 
Boron 100 Ochoa (1996 

EBW) 
Ochoa (1996 
EBW) 

93.6 

Cadmium Eco SSLs Eco SSLs 6.35 1 
Chromium III Eco SSLs Eco SSLs 15.6 58.2 
Chromium (V NA Eco SSLs I) NV 38.4 
Cobalt Eco SSLs Eco SSLs 18.3 18.9 
Copper Eco SSLs 4.68 Eco SSLs 6.79 
Lead 1.94 Eco SSLs Eco SSLs 5 
Manganese Eco SSLs Eco SSLs 377 146 
Nickel 18.6 Eco SSLs 2.71 Eco SSLs 
Selenium 0.37 Eco SSLs 0.157 Eco SSLs 
Silver 20.2 Eco SSLs 60.2 Eco SSLs 
Thallium 0.7 CHPPM database 0.96 CHPPM database 
Vanadium 0.413 Eco SSLs 5.11 Eco SSLs 
Zinc 170 Eco SSLs 298 Eco SSLs 

Notes: 
LOAEL TRVs from Eco-SSLs are interpreted from Appendix 4-1 of the Eco-SSL document. 
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Tables A.10 and A.11 present the Environmental Contaminants in Wildlife (ECW) 
birds and mammals. The Sources of these tissue residue levels include the Environment
Database (ERED, located at http://el.erdc.usace.army.mil/ered/), the EPA PCB Re
database (PCBRes, located at http://www.epa.gov/med/Prods_Pubs/pcbres.htm), and the 

tissue residues for 
al Residue-Effects 

sidue effects level 
USEPA MED-

Duluth toxicity/residu /med/Prods_Pubs/tox_residue.htm). 
 

Table A.10. es en fo  

Avian 
Blood 

Avian 
Bone 

Avian 
Brain 

Avian 
Carcass 

Avian 
iet 

Avian Egg 
Avian 

Kidney 
Avian 
Liver 

e database (located at http://www.epa.gov

Tissue R idue B chmarks r Birds
 

DAnalyte 
mg/kg mg/kg mg/kg mg/kg g/kg mg/kg mg/kg mg/kg m

Aroclor-1242       1         

Aroclor-1254         4       

Cadmium (Diet)       2   100 40   

DDD   0             5

DDE, p,p’-   50   0.1 0.1       1

DDT               10 
DDT/DDE/DDD 

              (total) 10 

Dieldrin     1   2 0.7   1 

Endrin     0.36 3 0.27       

Fluoride                 
Heptachlor 

      1.5     Epoxide     

Hexachlorobenzene       100         

Lead  0.2       3 2 10   
Mercury 

ntal)     10 0.5 20 20 (eleme     

Methoxychlor         17       

Mirex           20     
Polychlorinated 
Biphenyls (high 
risk)                 

Selenium           3   3 

TCDD, 2,3,7,8-                 

Toxaphene       40   50     
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Table A.11. Tissue Residue Benchmarks for Mammals 
 

Mammal 
Blood 

Mammal 
Fat 

al 
y 

Mammal 
Liver 

 Mamm
KidneAnalyte 

mg/kg mg/kg mg/kg mg/kg 

Aroclor-1242         

Aroclor-1254         

Cadmium (Diet)       100 

DDD         

DDE, p,p’-         

DDT         

DDT/DDE/DDD (total)         

Dieldrin         

Endrin         

Fluoride   10     

Heptachlor Epoxide         

Hexachlorobenzene         

Lead  0.2       

Mercury (elemental)     30 30 

Methoxychlor         

Mirex         

Polychlorinated Biphenyls 
(high risk)   10   4 

Selenium         

TCDD, 2,3,7,8-         

Toxaphene         
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EXPOSURE PARAMETERS FOR PGDP MODEL RECEPTORS 
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Table B.1. Ex  Parameters for PGDP Model ptors 

tor arameter V Details and Sources 

posure Rece

Recep P alue 
Little brown bat eig 5 k

Sample and Suter 1994 
Body w ht 0.007 g Gould 1955 

 Fo ges

 
 Inge

edim

kgB

 
0.20 L/kg
 
 
0% of FI

KDFWR, personal communication, lactating 
female 
 

 

oil routinely 

 
Short-tailed shre

 
eig

 
kg

 
15 g; both sexes, New Hampshire 
Schlesinger and Potter 1974, EPA 1993 

 es

Water Ingestion 

 

 

.7 kg/kg

0.29 L/kg W/day 
 
 

f F

 personal communication, 0.0255 kg/d 

EPA Region 4 

American wood eig g 154.6 g; arithmetic mean of juveniles, both 
sexes, central Massachusetts 

on 1967, EPA 1993 
 estion rate 

Water Ingestion 

Soil/sedim t 
n r

 

77 kg/k
 
 
0.10 L/kg

10.4% of

worm diet), Louisiana 
(captive)  

3 
egion 4 

ble 4-4 
 

American robin  weig 0773 kg ult, both sexes, all 

Clench and Leberman 1978, EPA 1993 
 inges

 
 
Water Ingestion 
Rate 

Soil/sediment 
Ingestion rate 
 

1.52 kg/k
 
 
0.14 L/kg BW/day 
 
 
10.2% of FIR 

n, both sexes, all ages, free 
, Kansas 

Hazelton et al., 1984, EPA 1993 
EPA Region 4 
 
 
EPA 1993 value adapted from meadowlark 
  

Marsh wren Body weight 0.0094 kg 9.4 g; juvenile, both sexes, Georgia 
Kale 1965, EPA 1993 

od in
ratea 

tion 0.9 kg/
 

Water
Rate 

stion 

 
Soil/s ent 
Ingestion rate 

W/day 

 BW/day EPA Region 4 

R Unlikely to contact s
 

w Body w ht 0.015  

Food ing
 

tion rate 1
 

BW/day KDFWR,
 

 B
Rate 

Soil/sedim
Ingestion r

ent 
te 

2.4% o
a

IR EPA 1993 value for a vole 
 

 
 

 
cock Body w ht 0.15 k

Sheld
BW/day Both sexes, winter earthFood ing

 
 

Rate 
 

en
Ingestio ate 

0. g

 BW/day 
Stickel et al. 1965, EPA 199
EPA R

 
 

 FIR EPA 1993, Ta

 
 

Body ht 0. 77.3 g; arithmetic mean, ad
seasons, Pennsylvania 

 Food tion rate gBW/day Arithmetic mea
living

 

                                                      

a All FIR values are in wet weight. 
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Table B.1. Exposure Parameters Receptors (Continued)  

Receptor 

for PGDP Model 

Parameter Value Details and Sources 
 Food inges

 
 Inge

 
edim

Ingestion rate 

g/ W/day 
 
0.27 L/kg W/day 

 
10% of FIR 

Average of three values from studies, EPA 1993 
f two values in EPA 1993 

 
EPA 1993 value for a robin 
 

tion rate 0. 87 k
 

Water
Rate 

stion  

Soil/s ent 

 

kgB

 B
Average o

Mustelid (Mink g  arithmetic mean, both sexes, all ages, 
Montana 
Mitchell 1961, EPA 1993 

  ingestion rate 

gestion 

 

Ingestion rate 
 

0.46 kg/k
 
0.08 L/kg W/day 
 
 

 FI

Mature male, farm raised 
NRC 1982 
EPA Region 4 

ngfishe  weig 0.136 kg 136 g; adult, both sexes, Pennsylvania 
Brooks and Davis 1987, EPA 1993 

 
 
 
 
Green Heron 
 
 

 
 
 
 
 
 
Mallard Duck 

Food ingestion rate 

Body weig t 

 ingestion rate 
 

Soil/sedim t 
ion r

Body weight 
 
Food Ingestion rate 
 
Water Ingestion 
Rate 
 
Soil/sediment 
Ingestion rate 
 
 

0.5 kg/kgBW/day 

0.2 kg 
 
 
 
0.6 kg/kg
 

/k

2% of FI  

 
1.134 kg
 
0.278 kg/kgBW/day 
 
0.058 L/kg BW/day 
 
 
11% of FIR 

Adult, both sexes, north central lower Michigan 
Alexander 1977, EPA 1993 
 
 
EPA Region 4 
 
 
 
EPA Region 4 
 
EPA Region 4 
 
 
EPA Region 4 
 
 
EPA Region 4 
 
EPA Region 4 
 
EPA Region 4 
 
 
EPA Region 4 
 
 

) Body weight 0.78 k 781.6 g;

Food
 
Water In
Rate 

Soil/sedim

gBW/day 

 B

ent 1% of R EPA Region 4 

 
 

 

Belted ki r Body ht  

 
 

 
 
 

h
 
 
 
Food

Water Ingestion 0.045 L
Rate 
 

en
Ingest
 

ate  

 
 
 

BW/day 

g BW/day 
 
 

R
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Table B.1. Exposure Parameters Receptors (Continued)  

meter Value 

for PGDP Model 

Receptor Para  Details and Sources 
Microtus spp.  
(Meadow Vole)

Body weight 0.02 kg h sexes, all seasons, south 

 1993 

21.2 g; adult, bot
  Indiana 

Myers and Krebs 1971, EPA
 
 
 
 

 
 
Long-Tailed Weasel 

ges
 

 Inge

edim
n r

 
Body Weig  

Food Inges on 

r inge
rate 
 

ingestion rate 

/kg
 

.21 L/kg
 
 
2.4% of FIR 
 
 
0.14 kg 
 
0.46 

 
0.085 
 
 

 F

sia 
Ognev 1950, EPA 1993 

est of 2 studies, Ernst 1968 in EPA 1993 
 
 
EPA 1993 Table 4-4 
 
 
 

 

 
PA 1993 

Bobwhite quail Body weig  0.16 kg  arithmetic mean, adult, both sexes, 
io Grande, Texas 

hery et al. 1988, EPA 1993 

 es

 

Water Ingestion 

im
 rate 

 

8 kg
 
 
  
0.13 L/kg

f

lt, both sexes, all seasons, 
southern Texas (captive ) 
Koerth and Guthery 1990 

f two values from Koerth & Guthery, 
 EPA 1993 

93, Table 4-4 value for woodcock 

Screec
 

g  kg 088 to 0.178 kg) and 
females (0.092 to 0.22 kg) 
Earhart and Johnson 1970 

 
 
 
 
 
 
 
 
Smallmouth bass 

 ingestion rate 

Rate 
 
Soil/sediment 
Ingestion rate 
 
 
Body weight 
 
Food Ingestion rate 
 
 

0.385 kg/kgBW/day 

kg BW/day 
 
 
 2.0 % of FIR 
 
 
 
0.086 kg 
 
2.0 kg/kg BW/day 
 
 

Eq. (3-3) EPA 1993, 0.016 kg/d (dry matter) 
70% water content 
EPA 1993 equation 3-15 
 
 
LANL 2009 default value for carnivorous bird 

 
 

Food in tion rate 0.3 kg

Water
Rate 

stion 0

 
Soil/s ent 
Ingestio ate 

ht
 

ti

BW/day No sex or age given, Rus

 BW/day High

 Rate 
 
Wate stion 

Soil/sediment 2.8% of IR EPA 1993 value for red fox 

 

 

Average of red fox values, E
 
 

ht 157.25 g;
winter and summer, west R
Gut

Food ing
 

tion rate 0.07 /kgBW/day Arithmetic mean, adu

 
 BW/day 

1990 ion
Highest o

Rate 
 
Soil/sed
Ingestion

ent 10.4% o

 
  

 FIR EPA 19

h owl Body wei
 

ht 0.14 From range of males (0.

Food 
 
Water Ingestion 

 
0.113 L/
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CALCULATING PRELIMINARY HQS 

Gaseous Diffusion 
indirectly (via the 
a) to chemicals of 
water potentially 

discharging as surface water. The equations used to calculate preliminary HQs are presented below. These 
ty reference value 

 receptor/day) is an 
The TRV for preliminary 

HQs for wildlife receptors at PG observed adverse effect level (NOAEL). The NOAEL 
 

s, 

HQ = ADD/NOAEL 

The preliminary ADD for wildlife receptors exposed directly by ingestion to COPCs in an environmental 
 and the maximum 

AD  (kg/kg/day or L/kg/day) 

mental medium at 
m measured tissue 

nisms exposed to the medium at the site: 

) 

If site-specific tissue lculated as the product of the maximum 
detected concentratio  biotransfer factor for the food organisms 

 For wildlife receptors exposed to COPCs in soil-dw otransfer factor is the 
unitless soil-to-in r (BAFi), and the ADD is calculated as 
follows: 

ADD = soil concentration (mg/kg) × BAFi × IR 

 For wildlife receptors exposed to COPCs in small vertebrate prey, such as small mammals and birds, 
the biotransfer factor is the unitless prey tissue BAFv, and the ADD is calculated as follows: 

ADD = soil concentration (mg/kg) × BAFv × IR 

Preliminary hazard quotients (HQs) for ecological risk assessments (ERAs) at Paducah 
Plant (PGDP) sites are calculated in Step 3a for wildlife receptors potentially exposed 
food web) and/or directly (through incidental ingestion of contaminated abiotic medi
potential concern (COPCs) in surface soil, surface water, sediment, or ground

equations also may be used to calculate HQs in Step 7 with the appropriate toxici
(TRV). 

An HQ is the ratio of the average daily dose (ADD) and the TRV. The ADD (mg COPC/kg
estimate of how much COPC is ingested per day over the period of exposure. 

DP sites is the no 
(mg COPC/kg receptor/day) is an estimate of the highest average amount of COPC that the receptor can
ingest per day over a relatively long period without experiencing an adverse effect. Thu

medium at a site is calculated as the product of the ingestion rate (IR) for that medium
measured medium concentration at the site: 

D (mg/kg/day) = medium concentration (mg/kg or mg/L)  IR

The preliminary ADD for wildlife receptors exposed indirectly to COPCs in an environ
a site is calculated as the product of the IR (kg tissue/kg receptor/day) and the maximu
concentration (mg COPC/kg tissue) in food orga

ADD (mg/kg/day) = food tissue concentration (mg/kg) × IR (kg/kg/day

 data are not available, the ADD is ca
n in the abiotic medium, the appropriate

exposed to that medium, and the IR for the receptor: 

elling invertebrates, the bi
vertebrate tissue bioaccumulation facto
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 For wildlife receptors exposed indirectly to COPCs in surface water and grou
ingestion of aquatic biota (e.g., fish and crayfish), the

ndwater through 
 biotransfer factor is the BCF for the 

contaminant in  as follows: 

rough ingestion of sediment-dwelling 
biota (e.g., cra sfer factor is the unitless BAF for the 
contaminant in invertebrate tissue (BAFi), and the ADD is calculated as follows: 

Fi × IR 

irect consumption 
. 

ns at the Paducah 
 preliminary HQs 

 substances in food at PGDP sites. EPA (1993) and other sources give 
published soil-to-
 by KDEP to be 

 Baes et al. 1984, 

fish at the site and 
sh body burdens can be estimated as the product of the maximum 

concentration of matter ingested by the fish and the biotransfer factor for fish (BAF) plus the component 
from water, which is estimated as the product of the water concentration and the BCF for fish. 

For wildlife receptors, the ADD depends on how many of the food items described above comprise the 
diet of the receptor. The general wildlife dose equation for dietary exposures (from Section 4.1.2.1 and 

k
))/BW] 

AD ose (e.g., in mg/kg-day).  

 wet weight).  

FRk = Fraction of intake of the k
th 

food type that is contaminated (unitless). For example, if the k
th 

component of an animal’s diet were salmon, FRk for salmon would equal the fraction of the salmon 
consumed that is contaminated at level Ck. If all of the salmon consumed were contaminated at 
level Ck, then FRk would equal one.  

NIRk = Normalized ingestion rate of the k
th 

food type on a wet-weight basis (e.g., in g/g-day).  

m = Number of contaminated food types. 

 fish tissue (BCFfish), and the ADD is calculated

ADD = water concentration (µg/L) × BCF (L/g) × IR 

 For wildlife receptors exposed indirectly to COPCs in sediment th
yfish and benthic insect larvae), the biotran

ADD = sediment concentration (mg/kg) × BA

When a wildlife receptor is exposed directly and indirectly by ingestion, the ADD for d
of the abiotic medium is added to the ADD for indirect consumption (ingestion of food)

Table 1 in the main text (Methods for Conducting Risk Assessments and Risk Evaluatio
Gaseous Diffusion Plant, Paducah, Kentucky) presents the values of IR for calculating
for model receptors exposed to
ingestion rates for abiotic media. Table C.1 presents a list of substances with 
invertebrate BAFs or water-to-fish BCFs, including values for substances considered
bioaccumulative. Values for BAFs and BCFs for radionuclides can be obtained from
PNNL 2003, or other literature sources. 

For carnivorous fish, the HQ is calculated as the ratio of the estimated body burden for 
the TRV body burden for fish. Fi

Figure 4.8 of EPA 1993) is provided below:  

 ADD
tot 

= _∑ [(C
k 
× FR

k 
× NIR

k
)  + (C

k 
× FS × IR

total
 (dry weight) × FR

Dtot = Potential average daily d

Ck = Average contaminant concentration in the k
th 

type of food (e.g., in mg/kg

 C-4



 
 

Cs = Average contaminant concentration in soils in the k foraging area (e.g., in mg/kg dry weight).  

F  by 100; unitless).  

IRtot 87) equations for 
 can be used to 

r this factor. If the equations for estimating FI rates on a wet-weight 
 Section 4.2 are used, conversion to ingestion rates on a dry-weight 

sary.  

BW = Body weight (e.g., in kg).

ters for Assessing 
sed Radionuclides through Agriculture, ORNL-5786, Oak Ridge 

 of Research and 
ington, DC¸ December. 

PNNL (Pacific Northwest National Laboratory) 2003. Literature Review and Assessment of Plant and 
Animal Transfer Factors Used in Performance Assessment Modeling. NUREG/CR-6825, 
PNNL-1432. Office of Nuclear Regulatory Research, U.S. Nuclear Regulatory Commission, 
Washington, DC, August. 

S = Fraction of soil in diet (as percentage of diet on a dry-weight basis divided

al = Food ingestion rate on a dry-weight basis (e.g., in kg/day). Nagy’s (19
estimating FI rates on a dry-weight basis (presented in Section 3.1)
estimate a value fo
basis presented in
basis would be neces

  

REFERENCES 

Baes, C. F., R. Sharp, A. Sjoreen, and R. Shor 1984. A Review and Analysis of Parame
Transport of Environmentally Relea
National Laboratory, Oak Ridge, TN, September. 

EPA 1993. Wildlife Exposure Factors Handbook, Vol. 1, EPA/600/R-93/187a, Office
Development, Wash
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Table C.1. Example Soil-to-Inver ater-to-Fish Bioaccumulati Factors 

i

ter-to-Fish 
ncentration Factors 

(BCF) 

tebrate and W on 
Wa

Soil-to-Invertebrate Animal  
(BAF

Bioco
) 

Analyte gsoil/kgtissue) R g) Reference (k eference (L/k
INO S RGANIC

Aluminum  E 00 EPA 1999 
y        Ce = Cs  EPA 07 0E+01 EPA 1999 

nic 6 * ln(Cs) – E 02 EPA 1999 
c (III) 10E-01 E  — 

)  E — 
 0.091 * Cs E 00 RAIS 2010 

llium 0.045 * Cs E  EPA 1999 
ium l 795 * ln(Cs) + E 03 KDEP 
ium .306 * Cs EPA 07 0E+02 KDEP 

lt .122 * Cs E 2 RAIS 2010 
.515 * Cs EPA 07 9E+03 KDEP 

e 0 E E+02 EPA 1999 
de 1. 0 D  — 

 0 D 01 RAIS-R 2010 
1.00E+00 D — 

.00E+00 D  — 
Cs) – E 05 KDEP 

ium 00E+00 D  — 
anese l .682 * ln(Cs) – E 02 RAIS 2010 
ry 3.30E+01 3 RAIS 2010 
 mercury 50E+00 E 06 KDEP 

l  E 1 EPA 1999 
enium l e ) – EPA   EPA 1999 

C  = 2.045 * Cs EPA 2007 8.77E+01 EPA 1999 
ium 2.20E-01 E 04 EPA 1999 

— 03 KDEP 
 = 0.042 * Cs E 02 DOE 1994 
2.20E-01 E 01 RAIS-R 2010 

l 328 * ln(Cs) + E 03 EPA 1999 
O  

 compounds 
5.00E-02 EPA 00 RAIS 2010 
5.00E-02 D 00 RAIS 2010 

e 1.20E+01 E 01 EPA 1999 
5.00E-02 D 01 RAIS 2010 
2.82E+00 E  EPA 1999 

hloroethane — 01 RAIS 2010 
oethane 5.00E-02 D 00 RAIS 2010 
oethene 5.00E-02 D 01 RAIS 2010 

orobenzene — 03 KDEP 
Ethylbenzene 5.00E-02 DOE 1994 5.56E+01 RAIS 2010 
Methylene chloride 5.00E-02 DOE 1994 2.31E+01 RAIS 2010 
Methyl ethyl ketone 5.00E-02 DOE 1994 3.16E+00 RAIS 2010 
4-chloro-3-methylphenol — — 1.10E+02 DOE 1994 
4-Methyl-2-pentanone 5.00E-02 DOE 1994 6.00E+00 DOE 1994 
Pentachlorobenzene — — 2.60E+05 KDEP 
Tetrachloroethene 5.00E-02 DOE 1994 5.20E+01 RAIS 2010 
Toluene 5.00E-02 DOE 1994 8.32E+00 RAIS 2010 
Trichloroethene 5.00E-02 DOE 1994 1.60E+01 RAIS 2010 
Vinyl chloride 6.20E-01 EPA 1999 5.47E+00 RAIS 2010 
Xylene, total 5.00E-02 DOE 1994 1.41E+01 RAIS 2010 
     

2.20E-01 PA 99  19 2.70E+
Antimon                 20 4.0

ln(Ce) = 0.70  1.421 PA 2007 1.14E+Arse
Arseni 1. PA 1999 —
Arsenic (V

ium
1.10E-01 PA 1999 — 

Bar Ce = PA 2007 4.00E+
E+01Bery Ce = PA 2007 6.20

Cadm n(Ce) = 0.  2.114 PA 2007 5.00E+
Ce = 0  20 5.5Chrom

Coba C  = 0e PA 2007 3.00E+0
Copper 

anid
Ce = 0  20 5.8

Cy 1.12E+0
00E+0

PA 1999 
OE 94

6.33
— Fluori  19

Fluorine 1.00E+0 OE 1994 1.00E+
Iodine 

thanum 1
OE 1994 — 

Lan OE 1994 —
Lead ln(Ce) = 0.807 * ln(  0.218 PA 2007 1.41E+
Lith 1. OE 1994 —
Mang n(Ce) = 0  0.809 PA 2007 4.00E+
Mercu
Methyl

KDEP 1.00E+0
2.51E+8. PA 1999 

N
Sel

icke 2.00E-02
n(C ) = 0

PA 1999 
 2007

7.80E
1.29E+02

+0
.733 * ln(Cs  0.075 

Silver e

Thall PA 1999 1.00E+
Tin — 2.57E+
Vanadium Ce PA 2007 1.00E-
Uranium PA 1999 1.00E+
Zinc n(Ce) = 0.  4.449 PA 2007 2.06E+

RGANICS
Volatile organic
Acetone 1999 3.16E+
Benzene OE 1994 4.27E+
Carbon tetrachlorid PA 1999 3.00E+
Chlorobenzene OE 1994 1.78E+
Chloroform PA 1999 3.59E+00
1,1,2,2-Tetrac — 1.30E+
1,2-Dichlor

r
OE 1994 4.40E+

1,2-Dichlo OE 1994 1.11E+
1,4-Dichl — 1.80E+
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Table C.1. Example Soil-to-Inver ter-to-Fish ors (Continued) 

(BAFi

ter-to-Fish 
ncentration Factors 

(BCF) 

tebrate and Wa Bioaccumulation Fact
Wa

Soil-to-Invertebrate Animal  Bioco
) 

Analyte soil/kgtissue) R kg) Reference (kg eference (L/
Semivolatile organic compounds 
Acenaphthene 

len
Ce = 1.47 * Cs E E+02 KDEP 

e  22.9 * Cs E 02 RAIS 2010 
 2.42 * Cs E 04 KDEP 

ene  1.59 * Cs E 04 KDEP 
 1.33 * Cs E 02 EPA 1999 

e e = 2.60 * Cs E 04 RAIS 2010 
ylene e = 2.94 * Cs E 04 RAIS 2010 

(k)fluoranthene  2.60 * Cs E 03 RAIS 2010 
hthalate 31E+03 E 01 EPA 1999 
ate 5.00E-02 D 01 RAIS 2010 

5.00E-02 D E+02 RAIS 2010 
e = 2.29 * Cs E 03 EPA 1999 

thracene  = 2.31 * Cs E 03 EPA 1999 
.00E-02 D 3 RAIS 2010 

ichlorobenzidine — 02 KDEP 

.00E-02 D 01 RAIS 2010 
5.00E-02 D 03 DOE 1994 

hthalate 3.13E+06 E 03 EPA 1999 
ne  3.04 * Cs E 04 KDEP 

e = 9.57 * Cs E 02 RAIS 2010 
rene e = 2.86 * Cs E 04 RAIS 2010 

5.00E-02 D 1 RAIS 2010 
ethylphenol 00E-02 D E+02 DOE 1994 

henol .00E-02 D E+01 DOE 1994 
hthalene 40 * Cs E 01 RAIS 2010 

 .00E-02 D 01 RAIS 2010 
 00E-02 DOE 94 E+00 RAIS 2010 

lamine 00E-02 DOE 94 E+01 RAIS 2010 
achlorostyrene — 02 KDEP 

rophenol .63 * Cs E 03 KDEP 
ne  = 1.72 * Cs E 04 KDEP 

5.00E-02 D 01 RAIS 2010 
 = 1.75 * Cs E 03 RAIS 2010 

MW PAHs  = 3.04 * Cs E  — 
 e = 2.6 * Cs E  — 

d PCBs 
5.60E-01 D 03 RAIS 2010 

Aroclor-1254 1.13E+00 EPA 1999 2.30E+05 EPA 1999 
Aroclor-1260 5.80E+00 DOE 1994 1.23E+04 RAIS 2010 
Total PCBs 2.80E+02 KDEP 2.53E+04 RAIS 2010 
alpha-BHC 2.60E+00 DOE 1994 7.10E+02 DOE 1994 
beta-BHC 2.60E+00 DOE 1994 7.20E+02 DOE 1994 
delta-BHC 2.60E+00 DOE 1994 6.90E+02 DOE 1994 
gamma-BHC (Lindane) 2.00E-02 DOE 1994 1.00E+03 DOE 1994 
alpha-Chlordane 1.60E+00 DOE 1994 2.68E+04 RAIS 2010 
gamma-Chlordane 1.60E+00 DOE 1994 2.68E+04 RAIS 2010 
     

PA 2007 3.89
Acenaphthy Ce = PA 2007 2.71E+
Anthracene Ce = PA 2007 1.68E+
Benzo(a)anthrac C  =e

Ce =
PA 2007 3.57E+

Benzo(a)pyrene PA 2007 5.00E+
C PA 2007 3.02E+Benzo(b)fluorant

g,h,i)per
hen

Benzo( C PA 2007 1.10E+
Benzo Ce = PA 2007 4.99E+
Bis(2-ethylhexyl)p 1. PA 1999 7.00E+
Butylbenzylphthal
Carbazole 

OE 1994 1.63E+
OE 1994 1.70

Chrysene 
n

C PA 2007 3.17E+
Dibenzo(a,h)a

uran 
Ce PA 2007 9.60E+

E+0Dibenzof 5 OE 1994 1.52
3,3’-D — 6.10E+

Diethylphthalate 5 OE 1994 1.84E+
Di-n-butylphthalate OE 1994 5.10E+
Di-n-octylp PA 1999 9.40E+
Fluoranthe Ce = PA 2007 1.74E+
Fluorene C PA 2007 5.25E+
Indeno(1,2,3-cd)py

thalene 
C PA 2007 1.22E+

E+02-Methylnaph OE 1994 7.47
4-Chloro-3-m 2. OE 1994 1.10
4-Methylp 5 OE 1994 1.30
Nap Ce = 4. PA 2007 8.45E+
2-Nitrophenol 5 OE 94  19 2.19E+
4-Nitrophenol 5.

5.
 19
 19

5.14
2.13N-Nitrosodipheny

Oct — 3.30E+
Pentachlo C  = 14e PA 2007 1.05E+

Ce PA 2007 1.12E+
+

Phenanthre
Phenol 

 
OE 1994 1.74E

Pyrene Ce PA 2007 1.51E+
Total L Ce PA 2007 —
Total HMW PAHs C PA 2007 —
Pesticides an
Aldrin OE 994 1 5.50E+
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Table C.1. Example Soil-to-Inver ter-to-Fish ors (Continued) 

 (

ter-to-Fish 
ncentration Factors 

(BCF) 

tebrate and Wa Bioaccumulation Fact
Wa

Soil-to-Invertebrate Animal  
BAFi) 

Bioco

Analyte ue) R kg) Reference (kgsoil/kgtiss eference (L/
4,4’-DDD ln(C ) = 0.6975 * ln(e Cs) + E E+05 KDEP  1.1613 PA 2007 5.65
4,4’-

-D
DDE ln(Ce) = 0.8

n 6
804 * ln(Cs) + E E+05 KDEP 

DT l 89 * ln(Cs) + E E+04 KDEP 
DT  = 11.2 * Cs  E — 

 = 14.7 * Cs E 04 KDEP 
90E+00 D E+04 KDEP 

e 1.90E+00 D 02 RAIS 2010 
one 1.90E+00 D 2 RAIS 2010 

or 1.40E+00 EPA E+19 KDEP 
ide 1.00E+00 DOE 1994 2.18E+19 KDEP 

5.70E-01 DOE  2 RAIS 2010 
3.00E+01 04 KDEP 
9.00E-01 04 KDEP 

d furans 

-dioxin 8.10E-02 E 02 EPA 1993 

uran 1.70E-02 E 01 EPA 1993 
,8,9-

uran 6.20E-01 E 03 EPA 1993 
7,8-

dioxin 1.90E-01 E 02 EPA 1993 

n 3.00E-01 EPA 1  2 EPA 1993 

lorodibenzofuran 1.00E+00 EPA 1999 2.67E+03 EPA 1993 

-p-dioxin 4.90E-01 E 03 EPA 1993 

-p-dioxin 2.20E-01 E 02 EPA 1993 
7,8-

an 1.21E-01 E — 

ran 1.07E+00 EPA 1  3 EPA 1993 

Pentachlorodibenzofuran 2.54E+00 EPA 1999 6.78E+03 EPA 1993 
Octachlorodibenzo-p-dioxin 1.90E-02 EPA 1999 5.08E+01 EPA 1993 
Octachlorodibenzofuran 2.50E-02 EPA 1999 6.78E+01 EPA 1993 
1,2,3,7,8-
Pentachlorodibenzo-p-dioxin 1.46E+00 EPA 1999 6.17E+04 KDEP 
1,2,3,7,8-
Pentachlorodibenzofuran 3.20E-01 EPA 1999 9.32E+02 EPA 1993 
2,3,7,8-Tetrachlorodibenzo-
p-dioxin 4.21E+01 KDEP 4.24E+03 EPA 1993 

 2.4771 PA 2007 1.81
4,4’ (Ce) = 0.8  2.1247 PA 2007 5.88
Total 4,4’-D Ce PA 2007 — 
Dieldrin Ce PA 2007 6.76E+
Endrin 1. OE 1994 1.30
Endrin alde

n ket
hyd OE 1994 6.87E+

E+0Endri OE 1994 9.06
Heptachl 1999 2.18
Heptachlor epox
Methoxychlor  1994

KDEP 
3.15E+0
1.80E+Mirex 

Toxaphene KDEP 7.60E+
Dioxins an

,6,7,8-1,2,3,4
Heptachlorodibenzo-p

,7,8-
PA 1999 2.16E+

1,2,3,4,6
Heptachlorodibenzof PA 1999 4.66E+
1,2,3,4,7
Heptachlorodibenzof PA 1999 1.65E+
1,2,3,6,
Hexachlorodibenzo-p- PA 1999 5.08E+
1,2,3,6,7,8-

lorodibenzofuraHexach
1,2,3,7,8,9-

999 8.05E+0

Hexach
1,2,3,4,7,8-
Hexachlorodibenzo PA 1999 1.31E+
1,2,3,7,8,9-
Hexachlorodibenzo PA 1999 5.93E+
1,2,3,4,
Hexachlorodibenzofur PA 1999 — 
2,3,4,6,7,8-
Hexachlorodibenzofu
2,3,4,7,8-

999 2.84E+0
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Table C.1. Exa  and Wa  Factors (Continued) 
 

 
ertebrate A
(BAFi) 

r-to oncentration 
Factors (BCF) 

mple Soil-to-Invertebrate ter-to-Fish Bioaccumulation

Soil-to-Inv nimal Wate -Fish Bioc

Analyte (kgsoil/kgtissue) R g) Reference efe ce ren (L/k
2,3,7,8-
Tetrachlorodibenzofuran 1.27E+00 9 +03 EPA 1993 EPA 199 3.39E
Dioxins, total equivalent 1.59E+00 9  — 

EPA (1999) 
RAIS 2010 
RAIS 2010 
EPA (1999) 

medial Actions Program, 

 DC¸ December 
E  Environmental Protection Agency) 1999. Screening-Level Ecological Risk Assessment Protocol, Center for Combustion Science an

EPA 199 —
Explosives 
1,3-Dinitrobenzene 19E+00 E 1 
2,4-Dinitrotoluene 3.08E+00 EPA 1999 9.15E+00 

1. PA 1999 7.40E+0

2,6-Dinitrotoluene 2.50E+00 EPA 1999 2.20E+01 
Nitrobenzene 2.26E+00 EPA 1999 2.10E+01 
DOE (U.S. Department of Energy) 1994. Loring Air Force Base Risk Assessment Methodology, Hazardous Waste Re

Martin Marietta Energy Systems, Oak Ridge, TN, August, Final. 
EPA 1993. Wildlife Exposure Factors Handbook, Vol. 1, EPA/600/R-93/187a, Office of Research and Development, Washington,

PA (U.S. d
Engineering, EPA Region 4. 

EPA (U.S. Environmental Protection Agency) 2007. Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs), Attachment 4-1 
on Models for Derivation of Wildlife Eco-SSLs. OSWER Directive 9285.7-55, Office of Solid Waste 

ation System on-line database. Value is modeled using EPI BCFBAF 

sk Assessment Information System on-line database. Value is modeled using RESRAD software 

ate (kgsoil/kgtissue). 
BCF = Bioconcentration factor for transfer from water to fish and other aquatic biota (L/kg). 
BHC = benzene hexachloride 
DDT = dichlorodiphenyl trichloroethane 
KDEP = Kentucky Department for Environmental Protection 
PAH = polycyclic aromatic hydrocarbon 
PCB = polychlorinated biphenyl 
Cs = Concentration in soil (mg/kg) 
Ce = Concentration in earthworm (mg/kg dry weight) 
 
 

Exposure Factors and Bioaccumulati
and Emergency Response, Washington, DC, April. 

ed February 2010 from Risk Assessment InformRAIS value download
software 

RAIS-R value downloaded February 2010 from Ri
 
— = no value 
BAFi = Bioaccumulation factor for invertebr
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APPENDIX D 
 

EXAMPLES OF EPA STREAMLINED RISK SUMMARY TABLES 
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The tables in this appendix present examples of the preferred format for presentation of the COCs, pathways 
of concern, and toxicity endpoints in a PGDP SERA. 

Example Table D.1 , and Selection of Chemicals of Concern 

xp m en

 

. Occurrence, Distribution

E osure Mediu : Sedim t 

Chemical of 
ential 

imu
onc.a 

(ppm) 

ax
Con
(ppm

C
(ppm) 

U

M b 

(p ) 

Bac und
. 

(ppm) 

nin
ty
e 

c
Toxi y 

Value  
Source 

HQ  
Valuec 

COC 
Flag 

(Y or N) 
Pot
Concern 

Min m M 
C

im  um
ac.  
) 

M n ea
onc.

95% 
CL of 
the 
ean
pm

k rog  Toxici
Conc

Scree g S reening 
 

Valu
(ppm) 

cit

Aluminum 2,419 12,8  10    NA NA Y 00 9,808 ,400 3,010 NA
Arsenic 3 69 12 21 3 6 Ont LEL 11.5 Y 

01 NA 0.052 EPA SQC 0.19 N 
28 47 NOAA ER-L 1.75 Y 

0.01 0.01 0.01 0.01 NA 0.019 EPA SQB 0.53 N 
9, A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy Selection Documents, EPA 540-R-98-031, 

maximum exposure concentration. 
ined as maximum concentration/screening toxicity value. 

ncern 
Conc.  concentration 
NA = not applicable 
NOAA ER-L = National Oceanic and Atmospheric Administration effects range–low 
Ont LEL = Ontario lowest effects level; Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario; D. Persuad, R. Jaagumagi, and A. 
Hayton; Ontario Ministry of the Environment; Ontario; August 1993. 
SQB = sediment quality benchmark 
SQC = sediment quality criteria 

Dieldrin 0.01 0.01 0.01 0.
Lead 29 82 50 56 
Methoxychlor 
Source: EPA 199
Washington, DC, July. 
a Minimum/maximum detected concentration above the sample quantitation limit (SQL). 
b The 95% upper confidence limit (UCL) represents the reasonable 
c Hazard quotient (HQ) is def
COC = contaminant of co

 =
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Example Table D.2. Ecol

ptora E

ogical Exposure Pathways of Concern

Exposure 
Medium 

nsitive 
ment 

Fla
(Y or

Rece ndangered/
Threatened 
Sp

Exposure  
Routes 

Assessment  
Endpoints 

Measurement 
Endpoints 

 

Se
Environ

g 
)  N

ecies Flag
(Y or N) 

Sediment N Benthic 
organisms 
 
 
Fish 

 
 

ading bir

 
 
 
Riparian 
mammal 

 
N 
 

 
 

N 

 
 

N 

and dir
h

sediment 
 
Ingesti  

 
 
 

i

 
 
 

th
communi s 

ity undance 
 
Mainten
productiv ulation 

 
 
Mainten
productiv  bird 

opula
 
 
Mainten
productiv  

m  

 Toxicity of 
soil to 
Hyallela 

 Species 
diversity 
index 

 Food chain 
model 
including 
sediment 
ingestion 

 Food chain 
model 
including 
sediment 
ingestion  

 Food chain 
model 
including 
sediment 
ingestion 

 
 

W
 

d 

N 
 

Ingestion,

 w

  

 
 

Ingest
 

 respiration, Ben
ect contact 
emicals in diversith c

on of sediment
 

on of sediment 
p

Ingestion of sediment 
mam

ic invertebrate 
ty specie

 and ab

ance of 
e fish pop

ance of 
e wading

tion 

ance of 
e riparian

al population

Surface 
water 

N Fish 
 
 

 
Bird 
 
 

l 
 

 
 

N 
 
 

sti
and dir ct contact 
with ch icals in 

ce

 
Ingestion of surface 
water 
 

tio
water 

abund ctive 
game fis
 

 
Mainten
productiv pulation 
 

productiv al 
population 

 Toxicity of 
surface 
water to 
Pimephales 
promelas 

 Species 
diversity 
index 

 Food chain 
model 
including 
sediment 
ingestion 

 Food chain 
model 
including 
sediment 
ingestion 

Soil N Terrestrial 
invertebrates 

N Ingestion and direct 
contact with 

Survival of terrestrial 
invertebrate community 

 Toxicity of 
sediment to 
Lumbricus 
terr ris 

                                                     

N Inge

 
 
 

s

on, respiration, Maint
e
em

urfa
 

 water 
 

enance of an 
ant and produ

h population 
 
 

ance of 
e bird po

 
 
Mamma

 
 

N 

 
 
Inges n of surface 

 
 
Maintenance of 

e mamm

chemicals in wetland 
soils est

 

a Receptors representing reptiles and amphibians are not included in this table due to the lack of risk assessment parameters for 
these receptors. Until values for these parameters are available, it is assumed that assessments protecting other receptors are also 
protective of reptiles and amphibians. 
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 Ta o xposure of Concer ) 

Exposure 
Medium 

 

Fla
(Y or N) 

Recep ndangered/
T
Sp

 or N) 

Exposure  
e

Assessment  
o

Measurement 
Endpoints 

Example ble D.2. Ec

tora E

logical E Pathways n (Continued

Sensitive
Environment 

g 
hreatened 
ecies Flag

Rout

(Y

s Endp ints 

  Terrestrial 
plants 
 
 
Bird 

 
 
Terrestrial 
mammal 

Y 

 
 

Y 

 
 
 

N 

Uptake of chemicals 
a root

 
 
Ingestion of soil 

 
 
 
Ingestion of soil 

Maintenance/enhancement 
ve

vegeta
 
Maintena oductive 

pu

 
 
Maintena ductive 
mammal population 

 Species 
diversity 
index 

 Survival of 
seedlings 

 Food chain 
model 
including 
sediment 
ingestion 

 Food chain 
model 
including 
sediment 
ingestion 

 vi  systems of nati  wetland 
tion 

nce of pr
lation bird po

 
 
 

  

nce of pro

Surface 
water 

Y Aquatic 
invertebrates 

N Ingestion, respiration, 
and direct contact 

Maintenance of a 
balanced, indigeno

(vernal 
pools) 

with chemicals in 
surface water 

us 
aquatic invertebrate 
community 

 Species 
diversity 
index 

Source: EPA 1999, A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy Selection Documents, EPA 540-R-
98-031, Washington, DC, July. 
a Receptors representing reptiles and amphibians are not included in this table due to the lack of risk assessment parameters for these receptors. Until 
values for these parameters are available, it is assumed that assessments protecting other receptors are also protective of reptiles and amphibians. 
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 Table D.3. COC Concentr Expected to Provide Adequate ogical Receptors 

t
/Name 

p
Medium COC 

Protec
Level  Units 

Assessment 
Endpoint 

Example

Habi

ations Protection of Ecol

at E
Type

x osure tive 
a Basisb 

Small 
freshwate
stream

r 
/W t 

Branch Maple 
Creek 

Sediment Arsenic 6 mg/kg Site-spe  Benthic invertebrate 
community species 
diversity and 
abundance 

es

cific LOAEL

  nifica t difference in 
hic d

between
referenc

 

  Total PCBs 0.030.05 mg/kg LOAEL L  
 Surfac

water 
Alumin L Maintenance of an 

abundant and 
productive game fish 

Arsenic 208 g/L Mean of values between  

modeling 
uide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy Selection Documents, EPA 

n, DC, July. 
a A range of levels may be provided. 
b Provide basis of selection: (1) mean of values between lowest observed adverse effect level (LOAEL) and no observed adverse effect 
level (NOAEL), (2) bioaccumulation factor model, (3) LOAEL and NOAEL, (4)significant difference in benthic diversity index between 
site and reference site. 
COC = contaminant of concern 
PCB = polychlorinated biphenyl 

Lead 15 mg/kg Sig
bent

n
iversity index 
 the site and the 
e site 
 and NOAE

e um 123 g/L NOAE  

population 
  

LOAEL and NOAEL 
  Total PCBs 0.1 g/L Bioaccumulation factor  

Source: EPA 1999, A G
540-R-98-031, Washingto
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CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPLING 
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