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EXECUTIVE SUMMARY

This report presents the Human Health Risk Assessment (HHRA) and Ecological Risk
Assessment (ERA) for the 428-acre Industrial Area Exposure Unit (EU) (IAEU) at the
Rocky Flats Environmental Technology Site (RFETS). The purpose of this report is to
assess potential risks to human health and ecological receptors posed by exposure to
contaminants of concern (COCs) and ecological contaminants of potential concemn
(ECOPCs) remaining at the IAEU after completion of accelerated actions at RFETS."

Arsenic and benzo(a)pyrene were selected as COCs for surface soil/surface sediment. No
COCs were selected for subsurface soil/subsurface sediment. Results of the risk
characterization for the HHRA indicate that estimated non-cancer hazard indices (HIs)
for the wildlife refuge worker (WRW) and the wildlife refuge visitor (WRYV) in the IAEU
are less than 1. In addition, the results of the risk characterization for the HHRA indicate
that excess lifetime cancer risks for the WRW and the WRYV, 3E-06, in the IAEU are
within the U.S. Environmental Protection Agency (EPA) acceptable risk range (i.e.,
1E-04 to 1E-06). The estimated excess lifetime cancer risk for arsenic in surface
soil/surface sediment, 2E-06, is.essentially equivalent to the cancer risks for potential
exposure to background levels of arsenic in surface soil/surface sediment. In addition,
benzo(a)pyrene, has not been directly associated with historical IHSSs, but is most likely

.associated with traffic, pavement degradation, or pavement operations. The estimated

cancer risks are within EPA’s acceptable risk range, and the estimated HIs are well
below 1, indicating that significant noncancer health effects are unlikely.

ECOPCs in surface soil were identified for non-Preble’s meadow jumping mouse
(PMIM) receptors. Only small portions of PMIM habitat are currently located in the
TAEU. These habitat patches are evaluated in the Upper Walnut Drainage EU (UWNEU),

~ Appendix A, Volume 7 of the Resource Conservation and Recovery Act (RCRA) Facility

Investigation-Remedial Investigation (RI)/Corrective Measures Study (CMS)-Feasibility
Study (FS) Report (hereafter referred to as the RI/FS Report). ECOPCs for selected '
populations of non-PMJM receptors included antimony, chromium, copper,

molybdenum, tin, bis(e-ethylhexyl)phthalate, di-n-butylphthalate, total dioxin, and total
polychlorinated biphenyls (PCBs). No ECOPCs were identified in subsurface soil. The
ECOPCl/receptor pairs were evaluated in the risk characterization using a range of
exposure point concentrations (EPCs), exposure scenarios, and toxicity reference values
(TRVs) to give a range of risk estimates. Overall, no significant risks to survival, growth,
and reproduction are predicted for the ecological receptors evaluated in the IAEU.

DEN/ED32005011.DOC ES-1
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1.0 INDUSTRIAL AREA EXPOSURE UNIT

This volume of the Comprehensive Risk Assessment (CRA) présents the Human Health
Risk Assessment (HHRA) and Ecological Risk Assessment (ERA) for the Industrial Area
Exposure Unit (EU) (IAEU) at the Rocky Flats Environmental Technology Site (RFETS)
(Figure 1.1).

The HHRA and ERA methods and selection of receptors are described in detail in the
Final CRA Work Plan and Methodology (DOE 2005a), hereafter referred to as the CRA
Methodology. A summary of the risk assessment methods, including updates made in
consultation with the regulatory agencies, are summarized in Appendix A, Volume 2,
~Section 2.0 of the Resource Conservation and Recovery Act (RCRA) Facility
Investigation-Remedial Investigation/Corrective Measures Study (CMS)-Feasibility
Study (RI/FS) Report (hereafter referred to as the RI/FS Report). The anticipated future
land use of RFETS is a wildlife refuge. Two human receptors, a wildlife refuge worker
(WRW) and a wildlife refuge visitor (WRY), are evaluated in this risk assessment
consistent with this land use. A variety of representative terrestrial and aquatic receptors
are evaluated in the ERA, with the exception of the Preble’s meadow jumping mouse.
(PMJIM), a federally listed threatened species present at RFETS. The limited habitat
within the IAEU boundary is assessed with the more extensive habitat that occurs in the
“Upper Walnut Creek EU (UWNEU) and is presented in Appendix A, Volume 7 of the
RI/FS Report (DOE 2005a). An evaluation will be conducted during the Comprehensive .
Environmental Response, Compensation and Liability Act (CERCLA) 5-year review and
if habitat has been established in the IAEU, it will be assessed. The HHRA and ERA
methods and selection of receptors are described in detail; as appropriate, in the CRA -
: Methodology . :

1.1 Industnal Area Exposure: Umt Description

This section provides a brief description of the IAEU, including its location at RFETS,
historical activities in the area, topography, surface water features, vegetation, and
ecological resources. A more detailed description of these features and additional
information regarding the geology, hydrology, and soil types at RFETS are included in
Site Physical Characteristics, Section 2.0 of the RI/FS Report. This mformatlon is also
summarized in Appendix A, Volume 2 of the RI/FS Report.

The Historical Release Report (HRR) (DOE 1992) and annual updates to the HRR
provide descriptions of known or suspected spills that have occurred since the inception
of the Rocky Flats Plant. The original HRR organized these known or suspected sources
of contamination as Individual Hazardous Substance Sites (IHSSs), Potential Areas of
Concern (PACs), or Under Building Contamination (UBC) sites (hereafter collectively
referred to as THSSs). Individual IHSSs and groups of IHSSs were also designated as
Operable Units (OUs). Over the course of cleanup under the 1991 Interagency
Agreement (IAG) and the 1996 Rocky Flats Cleanup Agreement (RFCA), the U.S.
Department of Energy (DOE) has thoroughly investigated and characterized the
contamination associated with these [HSSs. IHSSs have been dispositioned through

|
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appropriate remedial actions or by determining that No Further Accelerated Actions
(NFAAs) are required, pursuant to the applicable IAG and RFCA requirements. Some
OUs have also been dispositioned in accordance with an OU-specific Corrective Action
Decision/Record of Decision (CAD/ROD).

Many historical IHSSs exist at RFETS within the IA (Figure 1.2). In 1999, the Industrial
Area Characterization and Remediation Strategy (IA Strategy) was developed by DOE to
provide a roadmap for final closure of RFETS and ensure integration of remediation
activities, including facility decommissioning, characterization, remediation, and
regulatory agency and stakeholder participation. As noted in Table 1.1, all historical
THSSs that had not been previously dispositioned through a CAD/ROD were sorted into -
IHSS Groups for characterization, and accelerated action if warranted. The
characterization data indicated that most historical IHSSs did not require accelerated
action. All accelerated actions have been completed, and all historical IHSSs have been
dispositioned as No Further Accelerated Action (NFAA).

The disposition of the historical IHSSs within the IAEU is described in the 2005 Annual
Update to the HRR and regulatory agency approval letters are on file. A more detailed
description of the OU and IHSS history at RFETS is included in Site Background,

Section 1.0 of the RI/FS Report. This information is also bneﬂy summarized in Appendix
A, Volume 2 of the RI/FS Report. -

1.1.1 Exposure Unit Characteristics and Location

The IAEU comprises 428 acres in the northeastern portion of RFETS (Figure 1.1)and -
contains several distinguishing features: .

o  The IA OU includes the approximately 300-acre former industrialized portion of
RFETS. It generally coincides with the Industrial Area Operable Unit (IAOU) and
is surrounded by the Buffer Zone (BZ) OU.

o _ The EU contains more than 250 historical IHSSs (Table 1.1) and was the center of
historical industrial activity at RFETS. As described in Table 1.1, each of the 250
historical ITHSSs has been dispositioned. '

o  The IAEU is immediately upstream of North and South Walnut Creeks. No Name
Gulch, which empties into Walnut Creek, is north of and hydrologically isolated
from the IAEU. The South Interceptor Ditch (SID) is to the south of the IAEU
and receives runoff from it.

o  The IAEU is bound by the Inter-Drainage EU (IDEU) to the west, UWNEU to the
north and east, Wind Blown Area EU (WBEU) to the east and south, and Upper
Woman Drainage EU (UWOEU) to the south (Figure 1.1).

1.1.2 Topography and Surface Water Hydrology

The IAEU is located in the central portion of RFETS in the eastern part of a broad,
relatively flat pediment that slopes eastward from the foothills. The pediment is capped
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by unconsolidated surficial deposits. The pediment surface in the IAEU is dissected by
the north and south branches of Walnut Creek that trend generally from west to east.

‘ (Figures 1.2 and 1.3).

Accelerated remedial actions at the site restilted in removal of all buildings to at least

3 feet below ground surface (bgs) in the IAEU except the former east and west vehicle

inspection sheds. Other site activities resulted in some surface recontouring and

revegetation of the former IA, after removal of parking lots and other surface

infrastructure features, as necessary. In addition, ditches and stormwater conveyances |
have been eliminated or reconfigured to meet objectives for slope stability and |
stormwater flow, and pavement has been removed. This work was generally guided by

the land configuration drawings and the Environmental Assessment, Pond and Land

Configuration DOE/EA ~ 1492 (DOE 2004a).

The removal of buildings and pavement from the IA significantly reduces the volumes
and peak discharge rates of runoff from the IAEU. With accelerated actions complete, it
is anticipated that flows in North and South Walnut Creek will be significantly
diminished compared with the historic configuration of the site when bulldmgs and
pavement generated additional runoff.

1.1.3 Flora and Fauna

The IAEU contained more than 400 buildings and support structures, roads, parking lots,
and atilities when RFETS was in operation (Figure 1.1). Wildlife species observed near
human structures in'the JAEU have included small mammals such as house mice (Mus
‘ musculus) and deer mice (Peromyscus maniculatus); seed eating and insectivorous birds

such as starlings (Sturnus vulgaris), house finches (Carpodacus mexicanus), English

‘ house sparrows (Passer domesticus), and barn swallows (Hirundo rustica); and

| carnivorous birds such as American kestrels (Falco sparverius). Upper South Walnut

‘ Crecek is the only dramage capable of supporting aquatic life and is an mterrmttent

| stream. :

All surface structures and infrastructure have been removed with the completion of
accelerated actions (Figure 1.4). The disturbed areas within the IAEU have been
stabilized using standard erosion control measures and have been revegetated with a
native seed mixture to ensure soil stability and reduce erosion. Waterways have been re-
engineered to create wetlands and ensure that water is transported off the IAEU into -
North and South Walnut Creeks while minimizing erosion. All disturbed areas within the
IAEU have been revegetated with a mixture of native grasses and forbs as a final
reclamation process. With the establishment of native grassland vegetation, the plant and
animal communities within the IAEU will be similar to those grassland communities
currently found w1thm the BZ :
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1.1.4 Preble’s Meadow Jumping Mouse Habitat within Industrial Area Exposure
Unit

The PMJIM is a federally listed threatened species found at RFETS. The preferred habitat
for the PMJM at RFETS is the riparian corridors bordering streams, ponds, and wetlands,
with an adjacent thin band of upland grasslands. PMJM habitat occurs along Upper
Walnut Creek above the A-1 and B-1 ponds, north and east of the IAEU. Two small
portions of PMJM habitat cross into the IAEU from the UWNEU (Figure 1.5). No PMJM
have ever been observed or captured within the boundaries of IAEU. The assessment of
risk to the PMIM will be addressed in the UWNEU because habitat for PMJM within the
IAEU is a small subset of the larger PMJM habitat areas in the UWNEU. An evaluation
will be conducted during the CERCLA 5-year review and, if habitat has been established
in the IAEU area, it will be assessed as appropniate.

More detail on the species that use RFETS habitats and the methodology of creating site-
wide PMJM habitat patches can be found in Appendix A, Volume 2, Section 3.2 of the
RV/FS Report.

1.1.5 Data Description

Data have been collected at RFETS under regulatory agency-approved Work Plans,
Sampling and Analysis Plans (SAPs), and Quality Assurance Project Plans (QAP;Ps) to
meet data quality objectives (DQOs) and appropriate U.S. Environmental Protection
Agency (EPA) and Colorado Department of Public Health and Environment (CDPHE)
guidance. Surface soil, subsurface soil, surface sediment, subsurface sediment, and
groundwater samples were collected from the IAEU. Surface soil/surface sediment,
subsurface soil/subsurface sediment, surface soil, and subsurface soil are the media
evaluated in the HHRA and ERA (Table 1.2). The sampling locations for these media are.
shown in Figures 1.6 and 1.7, and data summaries for detected analytes in each medium
are provided in Tables 1.3 through 1.6. Toxicity equivalence concentrations for 2,3,7,8-
tetrochlorodibenzo-p-dioxin (TCDD) in surface soil/surface sediment, surface soil, and
subsurface soil are presented in Tables 1.7 and 1.8. Potential contaminants of concern
(PCOCs) and ecological contaminants of interest (ECOIs) that were analyzed for but not
detected, or were detected in less than 5 percent of the samples, are presented in
Attachment 1. Detection limits are compared to preliminary remediation goals (PRGs)
and ecological screening levels (ESLs) and discussed in Attachment 1 (Tables Al.1
through A1.4). Only data from June 1991 to the present are used in the CRA because
these data meet the approved analytical quality assurance/quality control (QA/QC)
requirements. ‘

In accordance with the CRA Methodology, only data collected on or after June 28, 1991,
and data for subsurface soil and subsurface sediment samples with a starting depth less
than or equal to 8 feet bgs are used in the CRA. Subsurface soil and subsurface sediment
data are limited to this depth because it is not anticipated that the WRW or burrowing
animals will dig to deeper depths. A detailed description of data storage and processing
methods is provided in Appendix A, Volume 2 of the RVFS Report. The CRA analytical
data set for the IAEU is provided on a compact disc (CD) presented in Attachment 6. The
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CD in Attachment 6 includes the data used in the CRA as well as data not considered
useable based on criteria presented in Appendix A, Volume 2 of the RIFS Report.

The sampling data used for the IAEU HHRA and ERA are as follows:
o Combined surface soil/surface sediment data (HHRA);

« Combined subsurface soil/subsurface sediment data (HHRA)
¢ Surface soil data (ERA); and, |
o Subsurface soil data (ERA).

These data for these media are briefly described below.

In addition, because ECOPCs were identified for soil in this EU, surface water data were
used in the ERA as part of the overall intake of ECOPCs by ecological receptor. The
surface water data used in the ERA are summarized in Table 8.5. Surface water and
sediment are assessed for ecological receptors on an Aquatic Exposure Unit (AEU) basis
in Appendix A, Volume 15B of the RI/FS Report. An assessment of the surface water,
groundwater-to-surface water, and volatilization pathways for human health are presented

‘in Appendix A, Volume 2 of the RI/FS Report.

Surface Soil/Surface Sediment

‘The combined surface soil/surface sediment data set for IAEU consists of up to 1,831

samples for various analyte groups. The sediment samples were collected to depths less .
than 0.5 feet from the sediment surface. The surface soil/surface sediment sample
locations are shown in Figure 1.6. The surface soil/surface sediment samples were
collected in the IAEU over several months from June 1991 through February 1996, and
then again in February 1998 and April 1999 through August 2005. The samples collected
in 2004 were located on a 30-acre grid, as described in CRA SAP Addendum #04-01
(DOE 2004b). For the grid sampling, five individual samples were collected from each
30-acre cell, one from each quadrant and one in the center, as described in the Addendum .
(DOE 2004b). No surface soil/surface sediment samples were collected in the IAEU
during the 30-acre samplmg for the CRA due to the density of prevnous sampling (DOE
2004b).

The IAEU surface soil/surface sediment samples were analyzed for inorganics (1,831
samples), organics (1,566 samples), and radionuclides (1,286 Samples) (Table 1.2).
Detected analytes included many inorganics and organics, as well as several
radionuclides (Table 1.3). A summary of analytes that were not detected or detected in
less than 5 percent of samples in surface soil/surface sediment in the IAEU is presented
and discussed in Attachment 1.

Subsurface Soil/Subsurface Sediment

The combined subsurface soil/subsurface sediment data set for IAEU consists of up to
3,332 samples for various analyte groups. The subsurface sediment samples have a
starting depth of less than or equal to 8 feet bgs and an ending depth greater than 0.5 feet.
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The subsurface soil/subsurface sediment safnple locations are shown in Figure 1.7. The
samples were collected in the IAEU over several months from August 1991 through
December 1993, and then again from February 1995 through July 2005.

The IAEU subsurface soil/subsurface sediment samples were analyzed for inorganics
(2,649 samples), organics (3,332 samples), and radionuclides (1,013 samples) (Table
1.2). Detected analytes included many inorganics and organics, as well as several
radionuclides (Table 1.4). A summary of analytes that were not detected or detected in
less than 5 percent of samples in surface soil/surface sediment in the IAEU is presented
and discussed in Attachment 1.

Surface Soil

The surface soil data set for IAEU consists of up to 1,725 samples for various analyte
groups. The samples were collected in the IAEU over several months from June 1991
through October 1995, and then again in February 1998 and June 1999 through August
2005. Sample locations are shown in Figure 1.6. The samples collected in 2004 were
located on a 30-acre grid, as described in CRA SAP Addendum #04-01 (DOE 2004b).
For the grid sampling, five individual samples were collected from each 30-acre cell, one
from each quadrant and one in the center, as described in the Addendum (DOE 2004b).
No surface soil samples were collected in the IAEU during the 30-acre sampling for the
CRA due to the density of previous sampling (DOE 2004b).

The IAEU surface soil samples were analyzed for inorganics (1,725 samples), organics
(1,461 samples), and radionuclides (1,156 samples) (T: able 1.2). Detected analytes
included many inorganics, organics, and several radionuclides (Table 1.5). A summary of -
analytes that were not detected or detected in less than 5 percent of samples in surface

soil in the IAEU is presented and discussed in Attachment 1.

Subsurface Soil

The subsurface soil data set for IAEU consists of up to 3,312 samples for various analyte
groups. The samples were collected in the IAEU over several months from August 1991
through December 1993, and then again in February 1995 through July 2005. Sample
locations are shown in Figure 1.7. Subsurface soil samples to be used in the CRA are
defined in the CRA Methodology as soil samples with a starting depth less than or equal
to 8 feet bgs and an ending depth greater than 0.5 feet.

The IAEU subsurface soil samples were analyzed for inorganics (2,640 samples),
organics (3,312 samples), and radionuclides (1,004 samples) (Table 1.2). Detected
analytes included many inorganics and organics, and several radionuclides (Table 1.6). A
summary of analytes that were not detected or were detected in less than 5 percent of
samples in subsurface soil in the IAEU is presented and discussed in Attachment 1.

1.2  Data Adequacy Assessment

A data adequacy assessment was performed to determine whether the available data set
discussed in the previous section is adequate for risk assessment purposes. The data
adequacy assessment rules are presented in the CRA Methodology, and a detailed data
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adequacy assessment for the data used in the CRA is presented in Appendix A, Volume 2
of the RI/FS Report. The adequacy of the data was assessed by examining the number of
available samples for each analyte group in each medium for use in the CRA, the spatial
and temporal representativeness of the data, as well as information on potential historical
sources of contamination, migration pathways, and the concentration levels in the media.
The assessment concludes that the data are adequate for the purposes of the CRA.

1.3  Data Quality Assessment

A data quality assessment (DQA) of the IAEU data was conducted to determine whether
the data were of sufficient quality for risk assessment use. The DQA is presented in
Attachment 2, and an evaluation of the entire RFETS data set is presented in

Appendix A, Volume 2 of the RUFS Report. The quality of the laboratory results were
evaluated for compllancc with the CRA Methodology data quality objectives (DQOs)
through an overall review of precision, accuracy, representativeness, completeness, and
comparability (PARCC) parameters. This review concluded that the data are of sufficient
quality for use-in the CRA, and the CRA DQOs have been met.

2.0 SELECTION OF HUMAN HEALTH CONTAMINANTS OF CONCERN

The human health contaminant of concemn (COC) screening process is described in
Section 4.4 of the CRA Methodology and summanzed in Appendix A, Volume 2 of the
RVFS Report (Section 2.2).

The human health COC selection process was conducted for surface soil/surface
sediment and subsurface soil/subsurface sediment in the IAEU. Results of the COC
selection process are summarized below.

2.1 Contaminant of Concern Selection for Surface Soil/Surface Sedinhent

Detected PCOCs in surface soil/surface sediment samples (Table 1.3) are screened in
accordance with the CRA Methodology to identify the COCs.

2.1.1 Surface Soil/Surface Sediment Cation/Anion and Essential Nutrient Screen

The major cations and anions that do not have toxicity criteria are eliminated from
assessments in surface soil/surface sediment in accordance with the CRA Methodology.

The essential nutrient screen for analytes detected in surface soil/surface sediment is
presented in Table 2.1. The screen includes PCOCs that are essential for human health
and do not have toxicity criteria available. Table 2.1 shows the maximum detected
concentrations (MDCs) for essential nutrients, daily intake estimates based on the MDCs,
and dietary reference intakes (DRIs). The DRIs are identified in the table as
recommended daily allowances (RDAs), recommended daily intakes (RDIs), adequate
intakes, and upper limit daily intakes (ULs). The estimated daily maximum intakes based
on the nutrients’ MDCs and a surface soil/surface sediment ingestion rate of
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100 milligrams per day (mg/day) are less than the DRIs. Therefore, these PCOCs were
not further evaluated as COCs for surface soil/surface sediment.

2.1.2 Surface Scil/Surface Sediment Preliminafy Remediation Goals Screen

Table 2.2 compares the MDCs and upper confidence limits (UCLs) to the WRW PRGs

for each PCOC. If the MDC and the UCL are greater than the PRG, the PCOC is retained

for further screening; otherwise, it not further evaluated. Arsenic, benzo(a)pyrene, and
radium-228 in surface soil/surface sediment had MDCs and UCLs that exceeded the
PRGs and were retained as PCOCs.

PRGs were not available for several PCOC:s in surface soil/surface sediment. Analytes
without PRGs are listed in Table 2.2 and their effect on the conclusions of the risk
assessment results is discussed in the uncertainty section (Section 6.0).

2.1.3 Surface Soil/Surface Sediment Detection Frequency Screen

Arsenic and benzo(a)pyrene were detected in more than 5 percent of surface soil/surface
sediment samples and, therefore, were retained for further evaluation in the COC screen
(Table 1.3). :

The detection frequency screen was not performed for radium-228 in surface soil/surface
sediment because all reported values for radionuclides are considered detects.

2.14 Surface Soil/Surface Sediment Background Analysis

Results of the background statistical comparison for arsenic and radium-228 are
presented in Table 2.3 and discussed in Attachment 3. Boxplots for arsenic and radium-
228 (both IAEU and background) are provided in Attachment 3. Arsenic is the only
PCOC that was statistically greater than background at the 0.1 significance levél and is
evaluated further in the professional judgment section.

Following the CRA Methodology, a statistical comparison to background is not
performed for organics; therefore, benzo(a)pyrene is carried forward into the professional
judgment evaluation.

2.1.5 Surface Soil/Surface Sediment Professional Judgment Evaluation

Based on the weight of available evidence evaluated by professional judgment, PCOCs
will either be included for further evaluation as COCs or excluded as COCs. The
professional judgment evaluation takes into account process knowledge, spatial trends,
and pattern recognition. As discussed in Section 1.2 and Attachment 2, the sample results
are adequate for use in the professional judgment because they are of sufficient quality
for use in the CRA.

Based on the weight-of-evidence evaluation described in Attachment 3, arsenic and
benzo(a)pyrene are considered COCs in surface soil/surface sediment and are further
evaluated in Sections 3.0 through 5.0.
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2.2 Contaminant of Concern Selection for Subsurface Soil/Subsurface Sediment

Detected PCOCs in subsurface soil/subsurface sediment samples (Table 1.4) are séreencd
in accordance with the CRA Methodology to identify the COCs.

2.2.1 Subsurface Soil/Subsurface Sediment Catlon/Amon and Essentlal Nutnent
Screen

The major cations and anions that do not have toxicity criteria were eliminated from
assessments in subsurface s01l/subsurface sediment in accordance with the CRA
Methodology.

Essential nutrients without toxicity criteria that were detected in subsurface
soil/subsurface sediment at the IAEU were compared to DRIs in Table 2.4. The estimated
daily maximum intakes for these PCOCs, based on the nutrient’s MDCs and a subsurface
soil/subsurface sediment ingestion rate of 100 mg/day, are less than the DRIs. Therefore,
these PCOCs were not further evaluated as COCs for subsurface soil/subsurface
sediment.

2.2.2 Subsurface Soil/Subsurface Sediment Preliminary Remediation Goal Screen

The PRG screen for detected analytes in subsurface soil/subsurface sediment is presented
in Table 2.5. The MDC and UCL for radium-228 in subsurface soil/subsurface sediment -
were greater than the PRG and, therefore, radium-228 was retained as a PCOC. -

PRGs were not available for several PCOCs in subsurface soil/subsurface sediment.
Analytes without PRGs are listed in Table 2.5 and their effect on the conclusions of the
risk assessment results is discussed in the uncertainty section (Section 6.0).

2.2.3 Subsurface Soil/Subsurface Sediment Detection Frequency Screen

The detection frequency screen was not performed for radium-228 in subsurface
soil/subsurface sediment because all reported values for radionuclides are considered
detects. - '

2.2.4 Subsurface Soil/Subsurface Sediment Background Analysis

Analyses were conducted to asses whether:radium-228 concentrations in IAEU
subsurface soil/subsurface sediment are statistically higher than those in background
subsurface soil/subsurface sediment at the 0.1 level of significance (1-p less than or equal
to 0.1). The subsurface soil/subsurface sediment background data are descnbed in detail
in Appendix A, Volume 2 of the RV/FS Report.

The resulits of the statistical comparisons of the IAEU data to the background data
indicate site concentrations for radium-228 are not statistically greater than background at
the 0.1 significance level. The results are summarized in Table 2.3 and in Attachment 3.
Boxplots for radium-228 (both IAEU and background) are provided in Attachment 3.
Radium-228 in subsurface soil/subsurface sediment is not further evaluated in the COC
screen process.
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2.2.5 Subsurface Soil/Subsurface Sediment Professional Judgment Evaluation

The professional judgment evaluation was not performed for subsurface soil/subsurface
sediment in the IAEU because no PCOCs were statistically greater than background at
the 0.1 significance level.

2.3  Contaminant of Concern Selection Summary

A summary of the results of the COC screening process is presented in Table 2.6. Arsenic
and benzo(a)pyrene were the only analytes in surface soil/surface sediment selected as
COCs in the IAEU and are further evaluated quantitatively. No analytes were selected as
COC:s in subsurface soil/subsurface sediment in the IAEU.

3.0 HUMAN HEALTH EXPOSURE ASSESSMENT

The site conceptual model (SCM), presented in Figure 2.1 of the CRA Methodology and
is discussed in Appendix A, Volume 2 of the RI/FS Report, provides an overview of
potential human exposures at RFETS for reasonably anticipated land use. Two types of
receptors, the WRW and WRYV, were selected for quantitative evaluation based on the-
SCM. Exposure point concentrations (EPCs) were calculated for the COCs identified,
and chemical intakes were estimated using the EPCs for the WRW and WRY receptors.

Tier 1 and Tier 2 exposure point concentrations (EPCs) were calculated for the two:
COCs, arsenic and benzo(a)pyrene, in surface soil/surface sediment for the IAEU. Tier 1
EPCs are based on the UCLs of the mean concentration for the EU data set, and Tier 2
EPC:s are calculated using a spatially weighted averaging approach. The methodology for
these calculations is provided in Appendix A, Volume 2 of the RUFS Report. Figure 3.1
shows the 30-acre grid used to calculate the Tier 2 EPCs. Table 3.1 presents the Tier 1
and Tier 2 EPCs for the IAEU.

Chemical intakes for WRW and WRYV exposure pathways were quantified for arsenic and
benzo(a)pyrene using the exposure factors listed in Tables 3.2 and 3.3, respectively.
Additional information on the estimation of chemical intake is presented in Appendix A,
Volume 2 of the RI/FS Report and in the CRA Methodology.

40 HUMAN HEALTH TOXICITY ASSESSMENT

Toxicity criteria are used in the risk calculations in Section 5.0. Tables 4.1 and 4.2
present the toxicity criteria (cancer slope factors [CSFs]), reference doses [RfDs}, and
dermal absorption factors) for COCs at the IAEU. Toxicity criteria are presented for the
oral, inhalation, and dermal exposure pathways. Additional information on the human
health toxicity assessment is presented in Appendix A, Volume 2 of the RI/FS Report and
in the CRA Methodology.
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50 HUMAN HEALTH RISK CHARACTERIZATION

Information from the exposure assessment and the toxicity assessment is integrated in
this section to characterize risk to the WRW and WRY receptors. Quantitative risks for
cancer and noncancer effects were estimated using the toxicity factors presented in the
Toxicity Assessment (Section 4.0) and pathway-specific intakes defined in the Exposure
Assessment (Section 3.0). Details of the risk characterization methods are provided in the
CRA Methodology and summarized in Volume 2, Appendix A of the RI/FS Report.

5.1 Wildlife Refuge Worker

This section presents the risk characterization for exposure to COCs at the IAEU. The
WRW receptor was evaluated for exposure to arsenic and benzo(a)pyrene in surface
soil/surface sediment. The risk estimates for exposure to arsenic and benzo(a)pyrene are
summarized in Table 5.1, while Attachment 4 contains the risk calculation tables.

RCRA Facility Investigation — Remedial Investigation/ Appendix A, Volume 14 '
|
|
|
|
|

5.1.1 Surface Soil/Surface Sediment ‘

\

The WRW is evaluated for exposure to arsenic and benzo(a)pyrene in surface soiVsufface .

sediment by ingestion, inhalation, and dermal exposure (for organic COCs only).

Radionuclides were not selected as COCs for surface soil/surface sediment. Therefore,
radiation cancer risks and doses were not calculated. The estimated excess lifetime cancer
and noncancer hazards for Tier 1 and Tier 2 EPCs are calculated and summarizedin
Tables 5.1 and 5.3. The noncancer hazards for benzo(a)pyrene were not calculated
because noncancer toxicity values are not available for benzo(a)pyrene '

Risk Characterization Results Based on. Tier 1 EPCs

The total chemical cancer risk for potential exposure to surface soil/surface sediment by
the WRW, based on the Tier 1 EPC, is 3E-06 (Table 5.1). The primary risk driver is
arsenic, which comprises 60 percent of the total chemical cancer risk. The risk is
predominantly from the ingestion exposure route.

The total chemical noncancer hazard for potential exposure to surface soil/surface
sediment by the WRW, based on the Tier 1 EPC, is 0.01 (Table 5.1). The primary hazard
driver is arsenic, which comprises 100 percent of the total chemical noncancer hazard.
The noncancer hazard is from the ingestion exposure route.

Risk Characterization Results Based on Tier 2 EPCs

The total chemical cancer risk for potential exposure to surface soil/surface sediment by
the WRW, based on the Tier 2 EPC, is 3E-06 (Table 5.1). The primary risk driver is

~arsenic, which comprises 64 percent of the total chemical cancer risk. The risk is

predominantly from the ingestion exposure route.

The total chemical noncancer hazard for potential exposure to surface soil/surface
sediment by the WRW, base on the Tier 2 EPC, is 0.01 (Table 5.1). The primary hazard
driver is arsenic, which comprises 100 percent of the total chemical noncancer hazard.
The noncancer hazard is from the ingestion exposure route.
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5.1.2 Subsurface Soil/Subsurface Sediment

No COCs were selected in subsurface soil/subsurface sediment. Therefore, it is not .
necessary to perform a risk characterization for subsurface soil/subsurface sediment in
the IAEU.

513 Wildlife Refuge Worker Total Risk and Hazards

Risk estimates are summed across media to develop an estimate for the total risk to a
receptor. This approach is followed only if the COCs in different media exhibit
comparable health effects. For the IAEU, arsenic and benzo(a)pyrene were selected as
COC:s for surface soil/surface sediment only. Total risk and hazards are summarized in
Table 5.3. The surface soil/surface sediment risk estimates for the WRW results in an
estimated total cancer risk of 3E-06, based on a Tier 1 EPC, and 3E-06, based on a Tier 2
EPC. The surface soil/surface sediment noncancer hazard estimates for the WRW results
in an estimated total noncancer hazard of 0.01, based on a Tier 1 EPC, and 0.01, based on
a Tier 2 EPC. Because arsenic and benzo(a)pyrene were selected as COCs in only one
medium, cumulative risks from exposure to multimedia are not calculated for the IAEU.

52  Wildlife Refuge Visitor

This section presents the results of the risk characterization for exposure of the WRV

receptor to arsenic and benzo(a)pyrene in surface soil/surface sediment at the IAEU.

Exposure to subsurface soil/subsurface sediment is not evaluated for WRV. The risk

estimates for exposure to arsenic and benzo(a)pyrene are summarized in Table 5.2. ‘
- Attachment 4 contains the risk calculation tables.

5.2.1, Surface Soil/Surface Sediment

The WRYV is evaluated for exposure to arsenic and benzo(a)pyrene in surface soil/surface
sediment by ingestion, inhalation, and dermal exposure (for organic COCs only).
Radionuclides were not selected as COCs for surface soil/surface sediment. Therefore,
radiation cancer risks and doses were not calculated. The estimated excess lifetime cancer -
risks and noncancer hazards for Tier 1 and Tier 2 EPCs are calculated and summarized in |
Table 5.2 and 5.3. The noncancer hazards for benzo(a)pyrene were not calculated
because noncancer toxicity values.are not available for benzo(a)pyrene.

Risk Characterization Results Based on Tier 1 EPCs

The total cancer risk for potential exposure to surface soil/surface sediment by the WRV,
based on the Tier 1 EPC, is 3E-06 (Table 5.2). The primary risk driver is arsenic, which
comprises 55 percent of the total chemical cancer risk. The risk is predominantly from
the ingestion exposure route.

The total chemical noncancer hazard for potential exposure to surface soil/surface

sediment by the WRYV, based on the Tier 1 EPC, is 0.01 (Table 5.2). The primary hazard

driver is arsenic, which comprises 100 percent of the total chemical noncancer hazard.

The noncancer hazard is from the ingestion exposure route. ‘
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Risk Characterization Results Based on Tier 2 EPCs

The total chemical cancer risk for potential exposure to surface soil/surface sediment by
the WRYV, based on the Tier 2 EPC, is 3E-06 (Table 5.2). The primary risk driver is
arsenic, which comprises 59 percent of the total chemical cancer risk. The risk is
predominantly from the ingestion exposure route.

The total chemical noncancer hazard for potential exposure to surface soil/surface
sediment by the WRYV, base on the Tier 2 EPC, is 0.01 (Table 5.2). The primary hazard
driver is arsenic, which comprises 100 percent of the total chemical noncancer hazard.
The noncancer hazard is from the ingestion exposure route.

53  Summary

Risks to the WRW and WRYV were evaluated for potential exposure to arsenic and
benzo(a)pyrene in surface soil/surface sediment at the IAEU. A summary of the cancer
risks and noncancer hazards is presented in Table 5.3.

The results of the Tier 1 and Tier 2 risk characterizations indicate that estimated risks for
the WRW and WRY are at the low end or are below the target risk range for COCs
exhibiting carcinogenic effects (i.e., 1 x 10°to 1x 10"’)' (Table 5.3). In addition, the results

~ of the risk characterizations indicate that the estimated HI is below one (Table 5.3),

which indicates that concentrations of arsenic in surface soil/surface sediment are
protective of the WRW and WRV.

6.0 UNCERTAINTIES ASSOCIATED WITH THE HUMAN HEALTH RISK
ASSESSMENT '

There are various types of uncertainties associated with steps of an HHRA. General
uncertainties common to the EUs are discussed in Appendix A, Volume 2 of the RVFS
Report. Uncertainties specific to the EU are described below.

6.1 Uncertainties Associated with the Data

Data adequacy for this CRA is evaluated and discussed in Appendix A, Volume 2 of the
RVFS Report. Although there are some uncertainties associated with the sampling and
analyses conducted for surface soil/surface sediment and subsurface soil/subsurface .
sediment at the IAEU, data are considered adequate for the characterization of risk at the
EU. The environmental samples for the IAEU were collected from 1991 through 2005.
The CRA sampling and analysis requirements for the BZ (DOE 2004b, 2005a) specify
that the minimum sampling density requirement for surface soil/surface sediment is one
five-sample composite for every 30-acre grid cell. In surface soil/surface sediment, there
are up to 1,831 samples in the IAEU. In subsurface soil/subsurface sediment, there are up
to 3,332 samples in the IAEU. ' ‘

. Another source of uncertainty in the data is the relationship of detection limits to the -

PRGs for analytes eliminated as COCs because they were either not detected or had a low
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detection frequency (i.e., less than 5 percent). The detection limits were appropriate for
the analytical methods used, and this is examined in greater detail in Attachment 1.

6.2  Uncertainties Associated with Screening Values

The COC screening analyses used RFETS-specific PRGs based on a WRW scenario. The
assumptions used in the development of these values were conservative. For example, it
is assumed that a future WRW will consume 100 milligrams (mg) of surface soil/surface
sediment for 230 days per year for a period of 18.7 years. In addition, a WRW is assumed
to be dermally exposed and to inhale surface soil and surface sediment particles in the air.
These assumptions are likely to overestimate actual exposures to surface soil for WRWs.
in the JAEU because a WRW will not spend 100 percent of his or her time in this area.
Exposure to subsurface soil and subsurface sediment is assumed to occur 20 days per
year. The WRW PRGs for subsurface soil/subsurface sediment are also expected to
conservatively estimate potential exposures because it is unlikely a WRW will excavate
extensively in the IAEU.

6.2.1 Uncertainties Associated wnth Potential Contammants of Concern w1thout
Preliminary Remediation Goals -

PCOC:s for the IAEU for which PRGs are not available are listed in Table 6.1.

Uncertainties associated with the lack of PRGs for analytes listed in Table 6.1 are
considered small. The listed inorganics and organics are not usually included in HHRAs
because they are not expected to result in significant human health impacts. Radionuclide
PRGs are available for all detected individual radionuclides. Therefore, the lack of PRGs
for the gross alpha and gross beta activities is not expected to affect the results of the
HHRA.

6.3  Uncertainties Associated wnth Eliminating Potential Contammants of
Concern Based on Professional Judgment

No PCOC:s in surface soil/surface sediment or subsurface soil/subsurface sedimient in the
IAEU were eliminated from the COC screen based on professional judgment. Therefore,
there is no uncertainty associated with eliminating COCs based on professional judgment.

6.4 Uncertainties Associated with Calculation of Risk

The Tler 1 UCL for the IAEU surface soil/surface sediment arsenic data is 4.68 mg/kg,
and the excess lifetime cancer risk is estimated to be 1.8E-06 (Table 5.1). The
background UCL for surface soil/surface sediment arsenic data is 4.03 mg/kg
(Appendix A, Volume 2, Attachment 9 of the RUFS), which results in a background
excess lifetime cancer risk of 1.5E-06. Therefore, the incremental risk to the WRW due
to exposure to arsenic in the IAEU is 0.3E-06 or 3E-07. The risks to the WRW in the
IAEU due to arsenic are within the range of expected background risk.

Benzo(a)pyrene is a common semi-volatile chemical observed within the IAEU (47
percent detection frequency). However, no direct association exists with any IHSS as a
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result of a release to the environment such as dumping, spilling, or burying. However,
many IHSSs may have contributed to the detections of benzo(a)pyrene in soil due to the
effects of automobile traffic and asphalt. These areas include Central Avenue (IHSS
172); the Central Avenue Ditch (IHSS 190); the Building 444 parking lot (IHSS 160); the
ditches, storm drains, roadways and parking areas adjacent to and north of Building
444/460 (THSS 157.2, PACs 400-803, 400-804 etc); and waste storage pads such as the
904 Pad (IHSS 213), 750 Pad (IHSS 214), and RCRA Unit 1 PAC (500-903). During the
peak traffic years (1990-2004), Geographic Information System (GIS) coverage shows
approximately 6,720,800 square feet of asphalt surface area (plantwide). As a result, the
detections of benzo(a)pyrene in the IAEU are likely to be a result of traffic, pavement
degradation, and/or paving operations. The Tier 1 and Tier 2 risks to the WRW and the
WRYV in the IAEU due to benzo(a)pyrene (1E-06 for Tier 1 and 1E-06 for Tier 2) are at
the low end of the target risk range for COCs exhibiting carcinogenic effects.

6.5  Uncertainties Evaluation Sumﬁaw

Evaluation of the uncertainties associated with the data and the COC screening processes
indicates there is reasonable confidence in the conclusions of the IAEU risk
characterization.

70  IDENTIFICATION OF ECOLOGICAL CONTAMINANTS OF
POTENTIAL CONCERN

The ECOPC identification process streamlines the ecological risk characterization for
each EU by focusing the assessment on ECOIs that are present in the IAEU. ECOIs are
defined as any chemical detected in the IAEU and are assessed for surface soils and
subsurface soils. ECOIs for sediments and surface water are assessed in Appendix A,
Volume 15 of the RIVFS Report. The ECOPC process is described in the CRA
Methodology and additional details are provided in Appendix A, Volume 2 of the RI/FS
Report.

The process is based on the SCM presented in the CRA Methodology and described in
detail in Appendix A, Volume 2 of the RI/FS Report. The SCM presents the pathways of
potential exposure from documented historical source areas (IHSSs and PACs) to the
receptors of concern. Generally, the most significant exposure pathways for wildlife at
the IAEU are the ingestion of plant, invertebrate, or animal tissue that could have
accumulated ECOIs from the source areas through direct upfake or dietary routes, as well
as the direct ingestion of potentially contaminated media. For terrestrial plants and
invertebrates, the most significant exposure pathway is direct contact with potentially
contaminated soils.

The receptors of concern that were selected for assessment are listed in Table 7.1, and
discussed in detail in Appendix A, Volume 2 of the RI/FS Report, and include
representative birds and mammals in addition to the general plant and terrestrial
invertebrate communities. The receptors were selected based on several criteria,
including their potential to be found in the various habitats present within RFETS, their
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potential to come into contact with ECOIs, and the amount of life history and behavioral
information available.

The ECOPC process consists of two separate evaluations, one for the PMJM receptor and
one for non-PMIM receptors. The ECOPC identification process for the PMIM is
conducted separately from non-PMJM receptors because the PMIM is a federally listed
threatened species under the Endangered Species Act (63 FR 26517). No screening for
PMIM receptors was conducted in the IAEU due to a lack of habitat.

7.1  Data Used in the Ecological Risk Assessment
The following IAEU data are used in the CRA:

. A total of 1,725 surface soil samples were collected and analyzed for inorganics
(1,725 samples), organics (1,461 samples), and radionuclides (1,156 samples)
(Table 1.2).

« A total of 3,312 subsurface soil samples were collected and analyzed for
inorganics (2,640 samples) organics (3 312 samples), and radionuclides (1,004
samples) (Table 1.2).

A data summary is provided in Table 1.5 for surface soil and Table 1.6 for subsurface
soil.

Sediment and surface water data for the JAEU also were collected (Section 1.2) and these
data are evaluated for the ERA in Appendix A, Yolume 15 of the RI/FS Report. '

7.2 Identification of Surface Soil Ecological Contaminants of Potential Concern

ECOPC:s for surface soil were identified for non-PMJM receptors in accordance with the
sequence presented in the CRA Methodology.

7.2.1 Comparison with No Observed Adverse Effect Level Ecological Screening
Levels

In the first step of the ECOPC identification process, the MDCs of ECOlIs in surface soil
were compared to receptor-specific no observed adverse effect level (NOAEL) ESLs.
NOAEL ESLs for surface soil were developed in the CRA Methodology for three
receptor groups: terrestrial vertebrates, terrestrial invertebrates, and terrestrial plants.

Non-PMJM Receptors

The NOAEL ESLs for non-PMJM receptors are compared to MDCs in surface soil in
Table 7.1. The results of the NOAEL ESL screening analyses for all receptor types are
presented in Table 7.2. Analytes with a “Yes” in any of the “Exceedance” columns in
Table 7.2 are evaluated further.
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NOAEL ESLs were not available for several ECOl/receptor pairs (Tables 7.1 and 7.2).
These ECOVreceptor pairs are discussed as ECOIs with uncertain toxicity (UT) in
Section 10 along with the potential impacts to the risk assessment.

PMJM Receptors
No screening for PMIM receptors was conducted in the IAEU.

7.2.2 Surface Soil Frequency of Detection Evaluation

The ECOPC identification process for non-PMJM receptors involves an evaluation of
detection frequency for each ECOI retained after the NOAEL screening step. If the
detection frequency is less than 5 percent, population-level risks are considered highly
unlikely and the ECOI is further evaluated to determine if there is adequate evidence to
remove it from further consideration as an ECOPC. The detection frequencies for
inorganics in surface soil are presented in Table 1.5. The ECOIs 2,4,6-trichlorophenol,
4.4’-DDT, dieldrin, endrin, endrin aldehyde, hexachlorobenzene, and pentachlorophenol
were all detected in less than 5 percent of the surface soil samples in the IAEU.

The analytes 2,4,6-trichlorophenol and 4,4’-DDT were each detected once in 915 and 204 .
IAEU surface soil samples, respectively. Neither ECOI was carried forward in the
ECOPC identification process. Population-level risk from one detection within the entire
IAEU is highly unlikely given the biased nature of the sampling within the IAEU.

Endrin and endrin aldehyde were detected in three of 204 and two of 60 samples,
respectively. The sampling locations and detections are presented in Figures 7.1 and 7.2,
respectively. Neither ECOI was carried forward in the ECOPC identification process due
to the low number of detections. Population-level risk from a few detections in an area as
large as the IAEU is highly unlikely. The detections of each ECOI are closely bounded
by sample locations where the ECOI was not detected, indicating the ECOI is only
present in a very small location. MDCs of endrin and endrin aldehyde are also very low
(17 and 9.2 micrograms per kilogram [pg/kg], respectively). Only the lowest ESL for the
mourning dove (insectivore) and the American kestrel NOAEL ESL is exceeded. Both
ESLs are driven by a highly conservative soil-to-earthworm bioaccumulation factor
(BAF), and both receptors are birds that would range over areas much larger than the
isolated detection areas shown in Figures 7.1 and 7.2. Therefore, both endrin and endrin
aldehyde were eliminated from further consideration as ECOIs based on the small
percentage of detections.

Hexachlorobenzene was detected in four of 918 IAEU surface soil samples. The
sampling locations and detections are shown in Figure 7.3. All four detections are located
within the 0.1-acre area of IHSS 120.1, the Fiberglassing Area north of Building 664.
While these detections are grouped, the area of the IHSS in which they were found is
much smaller than the home ranges of the mourning dove (insectivore) and American
kestrel, whose ESLs are lower than the detections in that area. No other ESLs are
exceeded by these four detections. Hexachlorobenzene was eliminated as an ECOI
because of the low number of detections and the very isolated area in which it was
detected in relation to the receptors whose ESLs were exceeded.
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Dieldrin was detected in eight of 204 surface soil samples in the IAEU. Figure 7.4 shows
the sampling locations and detections. The detections are located in three separate
groupings within the IAEU. All are bounded by nondetected results, and the total area
with detections is less than 1 acre. Dieldrin was, therefore, eliminated from further.
consideration in the ECOPC identification process based on the low percentage of
detection and the very small total area in which detections were found. It is highly
unlikely that population-level risks would be predicted in the IAEU based on the
detections of dieldrin.

- Pentachlorophenol was detected in 11 of 915 surface soil samples in the IAEU.

Figure 7.5 shows the sampling locations and detections. Pentachlorophenol was detected
more than once only in IHSS 700-7 (three detections). In that IHSS, the lowest ESLs
were exceeded by two of the three detections; however, the total area of the IHSS is less
than 0.10 acre. The minimum ESL was also exceeded in six other locations throughout
the IAEU; however, each detection was isolated with no other detection nearby.
Pentachlorophenol is, therefore, eliminated from further consideration in the ECOPC
identification process based on the low percentage of detections and the very small total
area where detections were found. It is highly unlikely that population-level risks would
be predicted in the IAEU based on the detections of pentachlorophenol.

7.2.3 Surface Soil Background Comparisons

The ECOIs retained after the NOAEL ESL screening and the detection frequency
evaluation were then compared to site-specific background concentrations where
available. The background comparison is presented in Table 7.3 and discussed in
Attachment 3. The statistical methods used for the background comparison are
summarized in Appendix A, Volume 15 of the RVFS Report .

Non-PMJM Receptors

The results of the background comparisons for the non-PMIM receptors are presented in
Table 7.3. The analytes listed as being retained as an ECOI in Table 7.3 are evaluated
further using upper-bound EPCs in the following section.

PMJM Receptors ’
No background analysis was conducted for PMJM receptors.

7.2.4 Exposure Point Concentration Comparisons to Thresheld Ecological
Screening Levels

The ECOIs retained after completion of all previous evaluations for non-PMJM receptors
were then compared to threshold ESLs (tESLs) using EPCs specific to small and large
home-range receptors. The calculation of EPCsis described in Appendix A, Volume 15
of the RI/FS Report . '

Statistical concentrations for each ECOI retained for the tESL screen are presented in

Table 7.4. The EPC used for the small home-range receptors is the 95 percent UCL of the
90th percentile (upper tolerance limit [UTL}), or the MDC in the event that the UTL is
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greater than the MDC. The EPC for large home-range receptors is the UCL, or the MDC
in the event that the UCL is greater than the MDC.

Small home-range receptors include terrestrial plants, terrestrial invertebrates, mourning
dove, American kestrel, deer mouse, and black-tailed prairie dog. These receptors are
evaluated by comparing the small home-range EPC (UTL) for each ECOI to the limiting
(or lowest) small home-range receptor tESL (if available). In the event that tESLs are not
available, the limiting NOAEL ESL is used in accordance with the CRA Methodology.

Large home-range receptors, such as coyote and mule deer, are evaluated by comparing
the large home-range EPC (UCL) for each ECOI to the limiting large home-range
receptor tESL (if available). In the event that tESLs are not available, the limiting
NOAEL ESL is used in accordance with the CRA Methodology.

The EPC comparison to limiting tESLs for small and large home-range receptors is
presented in Table 7.5. No EPCs were greater than the limiting large home-range receptor
tESLs; therefore, no further evaluation is necessary for large home-range receptors in the
IAEU.

Analytes exceeding the limiting tESLs for small home-range receptors'are compared to
receptor-specific tESLs in Table 7.6.

Chemicals that exceed any tESLs (if available) are assessed in the professional judgment
evaluation. Any analyte/receptor pairs that are retained through professional judgment are
identified as ECOPCs and are carried forward in the risk characterization:

7.2.5 Surface Soil Professional Judgment Evaluation

Based on the weight-of-evidence, professional judgment described in Attachment 3,
boron in surface soil at the IAEU is not considered an ECOPC for non-PMJM receptors
and is not further evaluated quantitatively.

Antimony, chromium, copper, molybdenum, tin, bis(2-ethythexyl)phthalate, di-n-
butylphthalate, total dioxins, and total PCBs were identified as ECOPCs for non-PMJM
receptors and retained for further evaluation in the risk characterization. ‘

7.2.6 Summary of Surface Soil Ecological Contaminants of Potential Concern

The ECOPC screening process for surface soil is summarized below for non-PMIM
receptors and PMJM receptors. °

Non-PMJM Receptors

Inorganic, organic, and radionuclide surface soil ECOls for non-PMIM receptors in the
IAEU were eliminated from further consideration as ECOPCs based on one of the
following: 1) the MDC of the ECOI was less than the lowest ESL; 2) no ESLs were
available (these ECOIs are discussed in Section 10.0); 3) the concentration of the ECOI
in IAEU surfacé soils was not statistically greater than background surface soils; 4) the
upper-bound EPC did not exceed the limiting tESL; or 5) the weight-of-evidence,
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~ professional judgment evaluation indicated that the ECOI was not a site-related
contaminant of potential concern. Chemicals that were retained are identified as ECOPCs

Antimony, chromium, copper, molybdenum, tin, bis(2-ethylhexyl)phthalate,
di-n-butylphthalate, total dioxin, and total PCBs were identified as ECOPCs for IAEU
surface soils for at least one non-PMJIM receptor. The ECOPC/receptor pairs are
evaluated further in Section 8.0 (Ecological Exposure Assessment), Section 9.0
(Ecological Toxicity Assessment), and Section 10.0 (Ecological Risk Characterization).
The results of the surface soil ECOPC identification process for non-PMJM receptors are
summarized in Table 7.7. '

PMJM Receptors
No ECOPC identification for PMJM receptors was conducted in the IAEU.

7.3  Identification of Subsurface Soil Ecological Contaminants of Potential
Concern

Subsurface soil sampling locations for soil collected at a starting depth of 0.5 to 8 feet
bgs in the IAEU are identified on Figure 1.7. A data summary for subsurface soil less -
than 8 feet bgs is presented in Table 1.6. '

7.3.1 Comparison to No Observed Adverse Effect Level Ecological Screening
Levels ' : '

The CRA Methodology indicates subsurface soil must be evaluated for those ECOlIs that
have greater concentrations in the subsurface than in surface soil. As a conservative
screening step, subsurface soil is evaluated for all EUs regardless of the presence/absence
of a change in concentrations from surface soil and subsurface soil. The MDCs of ECOIs
in subsurface soil ECOIs were compared to NOAEL ESLs for burrowing receptors
(Table 7.8). ECOIs with MDCs greater than the NOAEL ESL for the prairie dog are
further evaluated in the ECOPC identification process.

NOAEL ESLs are not available for some ana]ytes; and these are identified as “N/A” in
Table 7.8. These constituents are considered ECOIs with UT and are discussed in the
uncertainty analysis (Section 10.0).

7.3.2 Subsurface Soil Detection Frequency Evaluation

The ECOPC identification process for burrowing receptors involves an evaluation of
‘detection frequency for each ECOI retained after the NOAEL ESL screening step. If the
detection frequency is less than 5 percent, population-level risks are considered highly
unlikely and the ECOI is not further evaluated. The detection frequencies for chemicals
in subsurface soil are presented in Table 1.6. None of the chemicals in subsurface soil at
the IAEU that were retained after the NOAEL ESL screening step had a detection
frequency of less than 5 percent. Therefore, no ECOIs were eliminated from further
evaluation based on low detection frequencies for subsurface soil in the IAEU.
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7.3.3 Subsurface Soil Background Comparison

The ECOIs retained after the ESL screening and detection frequency evaluation were
compared to site-specific background concentrations where available. The background
comparison was conducted in the same manner as for surface soil non-PMJM receptors
using statistical comparisons.

Analyses were conducted to assess whether the remaining inorganic ECOls in IAEU
subsurface soil are statistically greater than those in sitewide background surface soil at
the 0.1 level of significance.

The results of the statistical comparisons of the IAEU data.to background data indicate
that site concentrations for all ECOIs for which comparisons could be made in IAEU
subsurface soil are not statistically greater than background concentratlons The results
are summarized in Table 7.9.

Background data were not available to conduct statistical evaluations for antimony;
cadmium, selenium, tin, and uranium. These ECOIs were carried forward mto the next
ECOPC identification step. : :

7.3.4 Exposure Point Concentration Comparisons to Threshold Ecological
Screening Levels

ECOIs retained after all previous evaluations for burrowing receptors are compared to
tESLs using EPCs specific to small home-range receptors. Thc calculation of EPCs is

- discussed in the CRA Methodology.

Statistical concentrations for the remaining ECOIS are presented in Table 7.10. The EPC
comparison to tESLs for burrowing receptors is presented in Table 7.11. No ECOIs had
UTL concentrations in the IAEU subsurface soils that were greater than the tESLs for
burrowing receptors. Therefore, all ECOIs were eliminated from further consideration as
ECOPC:s in the IAEU subsurface soils.

7.3.5 Subsurface Soil Professional Judgment

ECOISs with subsurface soil concentrations that exceed NOAEL ESLs, which have been
detected in more than 5 percent of samples, that have slightly elevated concentrations
compared to the background data, and which exceed tESLs, are subject to a professional
judgment evaluation. However, no ECOIs had subsurface soil concentrations that
exceeded tESLs; therefore, no weight-of-evidence, professional judgment evaluation was
needed for subsurface soil in the IAEU.

7.3.6 Summary of Subsurface Ecological Contaminants of Potential Concern

_All subsurface soil ECOIs for burrowing receptors in the IAEU were eliminated from

further consideration as ECOPCs based on one of the following: 1) the MDC of the ECOI

~ was less than the NOAEL ESL for the burrowing receptor; 2) no ESLs were available

(these ECOIs are discussed in Section 10.0); 3) the concentration of the ECOI in IAEU
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subsurface soils was not statistically greater than background subsurface soils; or 4) the
upper-bound EPC was less than the tESL. The results of the subsurface soil ECOPC ‘
identification process for burrowing receptors are summarized in Table 7.12.

7.4  Summary of Ecological Contaminants of Potential Concern

ECOIs in surface and subsurface soil in the IAEU were evaluated in the ECOPC
identification process for-non-PMJM receptors and burrowing receptors. Antimony,
chromium, copper, molybdenum, tin, bis(2-ethylhexyl)phthalate, di-n-butylphthalate,
total dioxin, and total PCBs in surface soil were identified as ECOPCs for selected non-
PMIM receptors. No chemicals were identified as ECOPCs for burrowing receptors. No
other ECOIs were retained past the professional judgment step of the ECOPC
identification process for any other receptor group (non-PMIJM receptors, PMIM
receptors, or burrowing receptors).

80 ECOLOGICAL EXPOSURE ASSESSMENT

The ECOPC identification process defined the steps necessary to identify those chemicals
that could not reliably be removed from further consideration in the ERA process. The
list of ECOPC/receptor pairs of potential concern (Table 8.1) represents those media,
chemicals and receptors in the IAEU that require further assessment. The characterization
of risk defines a range of potential exposures to site receptors from the ECOPCs and a -
parallel evaluation of the potential toxicity of each of the ECOPCs as well as the
uncertainties associated with the risk characterization. This section provides the .
estimation of potential exposure to surface soil ECOPCs for the receptors identified in
Section 7.0 and Table 8.1. Details of the two exposure models, concentration-based
exposure and dosage-based exposure, are presented in Appendix A, Volume 2 of the
RV/FS Report. )

8.1 Exposure Point Concentrations

Surface soil EPCs for all non-PMJM receptors were calculated using both Tier 1 and
Tier 2 methods, as described in the CRA Methodology. The 30-acre grid used for the
Tier 2 calculations is shown in Figure 8.1. The Tier 1 and Tier 2 UTLs and UCLs for
surface soil are presented in Table 8.2. The methodology for the calculation of Tier 2
EPC statistics is provided in Appendix A, Attachment 2 of the RI/FS.

Surface water EPCs consisted of values that corresponded to the soil EPCs (only for the
soil ECOPCs) being used and are used to estimate the total exposure via the surface water
ingestion pathway. For example, if the soil EPC statistic was the UCL, then the UCL
concentration in surface water (total values only) was selected as the EPC. Surface water
EPC:s for all soil ECOPCs were calculated as described for soils and are presented in
Table 8.3. All surface water data are provided on CD in Attachment 6.
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8.2  Receptor-Specific Exposure Parameters

Receptor-specific exposure factors are needed to estimate exposure to ECOPCs for each
representative species. These include body weight; food, water, and media ingestion
rates; and diet composition and respective proportion-of each dietary component. Daily
rates for intake of forage, prey, water, and incidental ingestion of soils were developed in
the CRA Methodology and are presented in Table 8.4 for the receptors of potential
concern carried forward in the ERA for the IAEU.

83 Bioaccumulation Factors

The measurement or estimation of concentrations of ECOPCs in wildlife food is
necessary to evaluate how much of a receptor’s exposure is via food versus direct uptake
of contaminated media. Conservative BAFs were identified in the CRA Methodology.
These BAFs are either simple ratios between chemical concentrations in biota and soil or
are based on quantitative relationships-such as linear, logarithmic, or exponential
equations. The values reported in the CRA Methodology are used as the BAFs for
purposes of risk estimation.

8.4 . Intake and Exposure Estimates

Intake and exposure estimates were completed for each ECOPC/receptor pair identified
in Table 8.1. The estimates use the default exposure parameters and BAFs presented in
Appendix B of the CRA Methodology and described in the previous subsection. These
intake calculations represent conservative estimates of food tissue concentrations '
calculated from the range of upper-bound EPCs including the Tier 1 and Tier 2 UTLs and
UCLs where appropriate.

Non-PMJM Receptors

The intake and exposure estimates for ECOPC/non-PMJM receptors are presented in
Attachment 4. A summary of the exposure estimates is presented in Table 8.5.

«  Antimony - Default exposure estimates for deer mouse (insectivore);

»  Chromium — Default exposure estimates for the American kestrel, mourning dove
(herbivore and insectivore), and deer mouse (insectivore);

«  Copper - Default exposure estimates for the mourning dove (herbivore and
insectivore);

. Molybdenum — Default exposure estimates for deer mouse (insectivore);

»  Tin — Default exposure estimates for the mouming dove (insectivore) and deer
mouse (insectivore);

«  Bis(2-ethylhexyl)phthalate — Default exposure estimates for the American kestrel
and mourning dove (insectivore);
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»  Di-n-butylphthalate — Default exposure estimates for the American kestrel and
mouming dove (insectivore);

«  Total Dioxin — Default exposure estimates for the mourning dove (insectivore)
and deer mouse (insectivore); and

o  Total PCBs — Default exposure estimates for the American kestrel and mourning
dove (insectivore).

9.0 ECOLOGICAL TOXICITY ASSESSMENT

Exposure to wildlife receptors was estimated for representative species of functional
groups based on taxonomy and feeding behavior in Section 8.0 in the form of a daily rate
of intake for each ECOPC/receptor pair. To estimate risk, soil concentrations (plants and
invertebrate exposure) and calculated intakes (birds and mammals) must then be
compared to the toxicological properties of each ECOPC. The laboratory-based toxicity
benchmarks are termed toxicity reference values (TRVs) and are of several basic types.
The NOAEL and no observed effect concentration (NOEC) TRVs are intake rates or soil
concentrations below which no ecologically significant effects are expected. The NOAEL
and NOEC TRVs were used to calculate the NOAEL ESLs employed in screening steps
of the ECOPC identification process to eliminate chemicals that have no potential to
cause risk to the representative receptors. The lowest observed adverse effects level
(LOAEL) TRV is a concentration above which the potential for some ecologically
significant adverse effect could be elevated. The threshold TR Vs represent the
hypothetical dose at which the response for a group of exposed organisms may first begin
to be significantly greater than the response for unexposed receptors and is calculated as
the geometric mean of the NOAEL and LOAEL. Threshold TRVs were calculated based
on specific data quality rules for use in the ECOPC identification process for a small
subset of ECOIs in the CRA Methodology.

TR Vs for ECOPCs identified for IAEU were obtained from the CRA Methodology. The
pertinent TR Vs for the IAEU are presented for terrestrial plants and invertebrates in
Table 9.1 and for birds and mammals in Table 9.2. )

10.0 ECOLOGICAL RISK CHARACTERIZATION

Risk characterization includes risk estimation and risk description. Details of these
components are described in the CRA Methodology and Appendix A, Volume 2 of the
RI/FS Report. Predicted risks should be viewed in terms of the potential for the
assumptions used in the risk characterization to occur in nature, the uncertainties
associated with the assumptions, and in the potential for effects on the population of
receptors that could inhabit the IAEU in the future.

Potential risks to terrestrial plants, invertebrates, birds, and mammals are evaluated using
a hazard quotient (HQ) approach. An HQ is the ratio of the estimated exposure of a
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receptor to a TRV that is associated with a known level of toxicity, either a no effect level
(NOAEL or NOEQC) or an effect level (LOAEL or LOEC):

HQ = Exposure / TRV

As described in Section 8.0, the units used for exposure and TRV depend upon the type
of receptor evaluated. For plants and invertebrates, exposures and TR Vs are expressed as
concentrations milligrams per kilogram [mg/kg] soil). For birds and mammals, exposures
and TRVs are expressed as ingested doses (mg/kg/receptor body weight [BW)/day). In
general, if the NOAEL-based HQ is less than 1, then no adverse effects are predicted. If
the LOAEL-based HQ is less than 1 but the NOAEL-based HQ is above 1, then some
adverse effects are possible, but it is expected that the magnitude and frequency of the
effects will usually be low (assuming the magnitude and severity of the response at the
LOAEL are not large and the endpoint of the LOAEL accurately reflects the assessment
endpoints for that receptor). If the LOAEL-based HQ is greater than or equal to 1, the

_risk of an adverse effect is of potential concern, with the probability and/or severity of

effect tending to increase as the value of the HQ increases.

When interpreting HQ results for non-PMJM ecological receptors, it is important to
remember that the assessment endpoint to non-PMJIM receptors is based on the .
sustainability of exposed populations, and risks to some individuals in a population may -
be acceptable if the population is expected to remain healthy and stable. For threatened
and endangered species, such as the PMIM, the interpretation of HQ results is based on
potential risks to individuals rather than to populations.

HQs were calculated for each ECOPC/receptor pair based on the exposures estimated and
TRVs presented in the preceding sections. Risks are discussed and presented to put the -
assumptions of the risk predictions into a context that can be used to make nsk
management decisions.

10.1 Risk Estimation

- Chemical risk characterization uses quantitative methods to evaluate potential risks to

ecological receptors. In this risk assessment, the quantitative method used to characterize.
chemical risk is the HQ approach As noted above, HQs are usually interpreted as
follows:
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HQ Values
Interpretation of HQ
NOAEL- LOAEL- Results
based based
<1 <1 Minimal or no risk
>1 <1 Low level risk*
> 1 >1 Potentially significant risk

? Assuming magnitude and severity of response at LOAEL
are relatively small and based on endpoints appropriate for
the assessment endpoint of the receptor considered.

One potential limitation of the HQ approach is that calculated HQ values may sometimes
be uncertain due to simplifications and assumptions in the underlying exposure and
toxicity data used to derive the HQs. Where possible, this risk assessment provides
information on three potential sources of uncertainty, described below.

EPCs. Because surface soil sampling programs in the EU sometimes tended to
focus on areas of potential contamination (IHSS/PAC/UBCs), EPCs calculated
using the Tier 1 approach (which assumes that all samples are randomly spread
across the EU and are weighted equally) may tend to yield an EPC that is biased
high. For this reason, a Tier 2 area-weighting approach was used to derive
additional EPCs that help compensate for this potential bias. HQs were always
calculated based on both Tier 1 and Tier 2 EPCs for non-PMJM receptors.

BAFs. For wildlife receptors, concentrations of contaminants in dietary items
were estimated from surface soil using uptake equations. When the uptake
equation was based on a simple linear model (e.g., Ciissue = BAF * Cyqn), the
default exposure scenario used a high-end estimate of the BAF (the 90th
percentile BAF). However, the use of high-end BAFs may tend to overestimate
tissue concentrations in some dietary items. To estimate more typical tissue
concentrations, where necessary, an alternative exposure scenario calculated total
chemical intake using a 50th percentile (median) BAF, and HQs were calculated.
The use of the median BAF is consistent with the approach used in the ecological
soil screening level (EcoSSL) guidance (EPA 2005).

TRYVs. The CRA Methodology used an established hierarchy to identify the most
appropriate default TRVs for use in the ECOPC selection. However, in some
instances, the default TRV selected may be overly conservative with regard to
characterizing population-level risks. The determination of whether the default
TRVs are thought to yield overly conservative estimates of risk is addressed in the
uncertainty sections below on a chemical-by-chemical basis. When an alternative
TRV is identified, the chemical-specific uncertainty sections provide a discussion
of why the altemnative TRV is thought to be appropriate to provide an alternative
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estimate of toxicity (e.g., endpoint relevance, species relevance, data quality,
chemical form, etc.), and HQs were calculated using both default and alternative
TRVs where necessary.

The influences of each of these uncertainties on the calculated HQs were evaluated both
alone and in concert in the risk description for each chemical. Uncertainties related to the
BAFs, TRVs, and background risk are presented for each chemical in Attachment 5.
Where uncertainties were deemed to be high, Attachment S provided alternative BAFs
and/or TRVs as appropriate based on the results of the uncertainty assessment.

HQs calculated using the default BAFs and HQs with the Tier 1 and Tier 2 EPCs are
provided in Tables 10.1 and 10.2 for each ECOPC/receptor pair. Where no LOAEL HQs
exceed 1 using the default exposure and toxicity values, no further HQs were calculated
regardless of the results of the uncertainty analysis. Because the default HQs are
generally the most conservative risk estimations, if low risk is estimated using these
values then further reductions of conservatism would only serve to reduce risk estimates
further.

Where LOAEL HQs greater than 1 are calculated using default assumptions, and the . . .
uncertainty analysis indicated that alternative BAFs and/or TRVs would be beneficial to
reduce uncertainty and conservatism, alternative HQs are presented in Table 10.1 as
appropriate.

The selection of which EPC (e.g., UTL or UCL) is of primary importance will depend

upon the type of receptor and the relative home-range size. Only the UTL EPC is
provided in Table 10.1 for small home-range receptors, and.only the UCL is provided for
large home-range receptors. ~

All calculated exposure estimates and HQ values are also provided in Attachment 4.
These include the default and alternative HQs and are calculated using a range of EPCs.
The results for each ECOPC are discussed in more detail below.

The risk description incorporates results of the risk estimates along with the uncertainties
associated with the risk estimations and other lines of evidence to evaluate potential
chemical effects on ecological receptors in the IAEU following accelerated actions.
Information considered in the risk description includes receptor groups potentially
affected; type of TRV exceeded (e.g., NOAEL versus LOAEL); relation of EU
concentrations to other criteria such as EPA EcoSSLs; and risk above background
conditions. In addition, other site-specific and regional factors are considered such as the
use of a given ECOPC within the EU related to historical RFETS activities; comparison
of ECOPC concentrations within the IAEU to the rest of the RFETS site as it relates to
background; and/or comparison to regional background concentrations.
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10.1.1 Antimony

Antimony HQs for the deer mouse (insectivore) receptor are presented in Table 10.1.
Figure 10.1 shows the spatial distribution of antimony in relation to the lowest ESL and
also presents the data used in the calculation of the Tier 2 EPCs.

HQs Calculated to Characterize Uncertainty

Uncertainties related to the default HQ calculations provided in Table 10.1 are discussed
in detail in Attachment 5. Uncertainties related to BAFs, TRVs, and background risks are
presented. '

For non-PMJM receptors, no receptors had LOAEL HQs greater than 1 using the default
exposure assumptions, and no alternative HQs were calculated.

However, care should be taken to review the chemical specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative
HQs are provided. :

Antimony — Risk Description

Antimony was identified as an ECOPC for the deer mouse (insectivore). Information on
the historical use and a summary of site data and background data are provided in
Attachment 3.

NOAEL HQs calculated using Tier 1 EPCs were greater than 1 for the deer mouse
(insectivore). The Tier 1 HQ equaled 2 while the Tier 2 HQ equaled 3.

All LOAEL HQs were less than 1, indicating that risks to populations of receptors from
exposure to antimony in IAEU surface soils are, therefore, likely to be low.

Table 10.2 presents a summary of HQs calculated using the arithmetic mean
concentration used as cell-specific EPCs for surface soil samples within each of the Tier
2 30-acre grid cells. Default NOAEL and LOAEL TRVs were used in the HQ
calculations. Antimony samples were available from 24 grid cells (Figure 10.1). NOAEL
HQs greater than 1 were calculated in 63 percent of the grid cells, while no LOAEL HQs
greater than 1 were calculated in any grid cell for the most sensitive receptor (deer mouse
[insectivore]). The results of the grid-cell analysis indicate that the average exposure to
sub-populations of small home-range receptors results in low risk from exposure to
antimony. '

10.1.2 Chromium

Chromium HQs for the terrestrial plants, terrestrial invertebrates, American kestrel,
mourning dove (herbivore and insectivore), and deer mouse (insectivore) are presented in
Table 10.1. Figure 10.2 shows the spatial distribution of chromium in relation to the
lowest ESL and also presents the data used in the calculation of the Tier 2 EPCs.
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HQs Calculated to Characterize Uncertainty

Uncertainties related to the default HQ calculations provided in Table 10.1 are discussed
in detail in Attachment 5. Uncertainties related to BAFs, TRVs, and background risks are
presented.

For non-PMJM receptors, because only the terrestrial plant, terrestrial invertebrate, and
mouring dove (insectivore) receptors had LOAEL HQs greater than 1 using the default
exposure assumptions, alternative HQs were only calculated for those receptors. Those
alternative HQs are presented in Table 10.1

However, care should be taken to review the chemical-specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative
HQs are provided.

Chromium Risk Description

" Chromium was identified as an ECOPC for terrestrial plants, terrestrial invertebrates,
American kestrel, mourning dove (herbivore and insectivore), and deer mouse
(insectivore) receptors. Alternative HQs were calculated for the terrestrial plant,
terrestrial invertebrate, and mourning dove (insectivore) receptors using alternative TR Vs
for plants and invertebrates and a median soil-to-invertebrate BAF for the mourning dove
(insectivore). Information on the historical use and a summary of site data and
background data are provided in Attachment 3.

Terrestrial Plants and Invertebrates

For terrestrial plants, HQs were greater than 1 using the defauit ESL. The UTL HQ
equaled 26, indicating that risks could not be considered to be minimal. Because no
default LOEC value was available, it is uncertain whether nsks have the potential to be
significant based on the default HQ calculations.

The uncertainty assessment discussed the low confidence placed in the chromium ESL
for terrestrial plants and provided an alternative NOEC and LOEC value. The alternative
NOEC had an HQ greater than 1, while no HQs greater than 1 were calculated using the
alternative LOEC. As discussed in the uncertainty analysis, the alternative LOEC is
representative of a concentration at which soybean roots had a 30 percent reductlon n
shoot weight. -

The default ESL is less than all site-specific background concentrations and HQs greater
than 1 were calculated using UTL background concentration (HQ = 17). Because risks
are not generally expected in background areas, risks to terrestrial plants may be
somewhat over-predicted using the default ESL. Attachment 3 of this document indicates
that the background concentrations of chromium in Colorado and bordering states range
from 3 to 500 mg/kg, with an average concentration of 48.2 mg/kg. The site-specific’
background MDC is equal to 16.9 and does not appear to be elevated above what would
be expected in the area around RFETS.

The low confidence placed in the ESL and the lack of exceedance of any effects-based
TRVs, and the conservatisms noted in the default ESL, all indicate that the potential for
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risk to terrestrial plant populations in the IAEU from exposure to chromium in surface
soils is likely to be low. '

For terrestrial invertebrates, HQs greater than 1 were calculated using the default ESL,
indicating that risks could not be considered to be minimal. Because no default LOEC
value was available, it is uncertain whether risks have the potential to be significant based
on the default HQ calculations.

The uncertainty assessment indicated that the default ESL is less than all site-specific
background concentrations. HQs greater than 1 were calculated using UTL background
concentration (HQ = 42). Because risks are not generally expected in background areas,
the chromium ESL for terrestrial invertebrates may be over-predicted. As discussed
above, site-specific background concentrations do not appear to be elevated above what
would be expected in the vicinity of the site.

The maximum HQ calculated using the altenative LOEC, identified in the uncertainty
analysis, equaled 0.8. The alternative LOEC is representative of a concentration at which
soybean roots had a 30 percent reduction in earthworm growth.

The low confidence placed in the ESL and the lack of exceedance of any effects-based
TRVs indicates that the potential for risk to terrestrial invertebrate populations in the
IAEU from exposure to chromium in surface soils is likely to be low.

Non-PMJM Receptors — Small Home-Range

NOAEL HQs using default risk models were greater than 1 for the mourning dove
(insectivore), American kestrel, and deer mouse (insectivore) (chromium VI TRV only). .
NOAEL HQs were less than or equal to 1 for the mourning dove (herbivore). All LOAEL
HQs were less than 1 for all receptors except the mourning dove (insectivore). Risks to
populations of the mourning dove (herbivore), American kestrel, and deer mouse
(insectivore) from exposure to chromium are likely to be low. Risks to the mourning
dove (insectivore) using the default HQ calculations may potentxally be significant and
require further evaluation.

Table 10.2 presents a summary of HQs calculated using the arithmetic mean
concentration used as cell-specific EPCs for surface soil samples within each of the Tier
2 30-acre grid cells. Default NOAEL and LOAEL TRVs were used in the HQ
calculations. Chromium samples were available from 24 grid cells (Figure 10.2). NOAEL
and LOAEL HQs greater than 1 were calculated in 100 percent of the grid cells, while no
LOAEL HQs greater than 5 were calculated in any grid cell for the most sensitive
receptor (mourning dove [insectivore]). The results of the grid-cell analysis indicate that
the average exposure to sub-populations of mourning dove (insectivore) results in low to
moderate risk from exposure to chromium.

The uncertainty analysis indicated that exposure to the mourning dove (insectivore) may
be overestimated based on the use of upper-bound BAFs. Table 10.1 presents HQs
calculated using the identical model and TRVs as used in the default but with a median
BAF rather than the conservative 90th percentlle BAF. The mourning dove (insectivore)
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had a NOAEL HQ greater than 1 (HQ = 2) and a LOAEL HQ less than 1. These results
provide a less conservative measure of potential intake and support the conclusions
reached using the default HQ calculation. The results also indicate that risks to the
mourning dove (insectivore) may be over-predicted using the defauit HQ calculations. In
addition, background risk evaluations also indicated similar HQs for the mourning dove
(insectivore) using the default HQ calculations. The combined lines of evidence suggest
the overestimation of risk using the default HQ calculations. Risks are, therefore,
expected to be low to populations of the mourning dove (insectivore). -

10.1.3 Copper

Copper HQs for the mourning dove (herbivore and insectivore) are presented in

Table 10.1. Copper was not identified as an ECOPC in the IAEU for any other receptors.
Figure 10.3 shows the spatial distribution of copper in relation to the lowest ESL and also
presents the data used in the calculation of the Tier 2 EPCs.

HQs Calculated to Characterize Uncertainty

Uncertainties related to the default HQ calculations provided'in Table 10.1 are discussed
in detail in Attachment 5. Uncertainties related to BAFs, TRVs, and background risks are
presented. )

No receptors had LOAEL HQs greater than 1 using the default exposure assumptlons and
no alternative HQs were calculated -

However, care should be taken to review the chemical-specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative
HQs are provided.

Copper Risk Description

Copper was identified as an ECOPC for the mourning dove (herbivore and insectivore)
receptors only. Information on the historical use and a summary of site data and
background data are provided in Attachment 3.

Non-PMJM Receptors — Small Home-Range -

NOAEL HQs calculated using Tier 1 EPCs were equal to 1 for the mourning dove
(herbivore). NOAEL HQs for the mourning dove (insectivore) were greater than 1 for
both the Tier 1 and Tier 2 UTLs (HQ = 2) ~

All LOAEL HQs were less than 1 for both receptors. Risks to populations of receptors
from exposure to copper in IAEU surface soils are, therefore, likely to be low.

Table 10.2 presents a summary of HQs calculated using the arithmetic mean
concentration used as cell-specific EPCs for surface soil samples within each of the Tier

2 30-acre grid cells. Default NOAEL, threshold, and LOAEL TRVs were used in the HQ -
calculations. Copper samples were available from 24 grid cells (Figure 10.3). NOAEL
HQs greater than 1 were calculated in 100 percent of the grid cells while no LOAEL HQs
greater than 1 were calculated in any grid cell for the most sensitive receptor (mourning
dove [insectivore]). The results of the grid-cell analysis indicate that the average
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exposure to sub-populations of small home-range receptors results in low risk from
exposure to copper.

10.1.4 Molybdenum

Molybdenum HQs for the terrestrial plant and deer mouse (insectivore) receptor are
presented in Table 10.1. Figure 10.4 shows the spatial distribution of antimony in relation
to the lowest ESL and also presents the data used in the calculation of the Tier 2 EPCs.

HQs Calculated to Characterize Uncertainty

Uncertainties related to the default HQ calculations provided in Table 10.1 are discussed
in detail in Attachment 5. Uncertainties related to BAFs, TRVs, and background risks are
presented. '

For non-PMJM receptors, because no LOAEL HQs greater than 1 were calculated for
even the NOEC ESL, no alternative HQs are calculated.

However, care should be taken to review the chemical-specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative
HQs are provided. :

Molybdenum Risk Description

Molybdenum was identified as an ECOPC for terrestrial plant and deer mouse
(insectivore) receptors only. Information on the historical use and a summary of site data
and background data are provided in Attachment 3.

Terrestrial Plants and Invertebrates

For terrestrial plants, an HQ equal to 1 was calculated using the ESL and the Tier 1 UTL.
The Tier 2 UTL resulted in an HQ less than 1 (HQ = 0.6). No LOEC value was available,
so it is not possible to estimate at which point effects begin. However, the lack of an HQ
greater than 1 using either the Tier 1 or Tier 2 UTL and the NOEC ESL, risks to
terrestrial plants are likely to be low.

" Non-PMJM Receptors — Small Home-Range

For the deer mouse (insectivore) using Tier 1 UTL, the NOAEL HQ was equal to 1. the
- NOAEL HQ calculated using the Tier 2 EPC was less than 1. In addition, all LOAEL
HQs were less than 1 using all EPCs. Because no HQs greater than 1 were calculated
using any effects-based TRV, risks to non-PMJM small home-range receptors are likely
low from exposure to molybdenum.

Table 10.2 presents a summary of HQs calculated using the arithmetic mean
concentration used as cell-specific EPCs for surface soil samples within each of the Tier
2 30-acre grid cells. Default NOAEL and LOAEL TR Vs were used in the HQ
calculations. Molybdenum samples were available from 24 grid cells (Figure 10.4).
NOAEL HQs greater than 1 were calculated in 8 percent of the grid cells while no
LOAEL HQs greater than 1 were calculated in any grid cell for the most sensitive
receptor (deer mouse [insectivore]). The results of the grid-cell analysis indicate that the
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average exposure to sub-populations of small home-range receptors results in low risk

from exposure to molybdenum.

The uncertainty analysis indicated that risks have the potential to be over-predicted for
the deer mouse (insectivore) due to the use of a conservative (upper bound) soil-to-
invertebrate BAF. HQs calculated using the median BAF value from the same source
were less than or equal to 1 in all cases. These results support the prediction of low risks
to non-PMJM receptors.

10.1.5 Tin

Tin HQs for the mourning dove (insectivore), and deer mouse (insectivore) are presented
in Table 10.1. Figure 10.5 shows the spatial distribution of tin in relation to the lowest
ESL and also presents the data used in the calculation of the Tier 2 EPCs.

HQs Calculated to Characterize Uncertainty

Uncertainties related to the default HQ calculations provided in Table 10.1 are discussed
in detail in Attachment 5. Uncertainties related to BAFs, TRVs, and background risks are
presented.

No alternative BAFs or TRVs were recommended in the uncertainty analysis. Therefére,
no HQs based on alternative assumptions are provided in Table 10.1.

However, care should be taken to review the chemical-specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative

- HQs are provided.

Tin — Risk Description

Tin was identified as an ECOPC for the mourning dove (insectivore) and deer mouse
(insectivore) receptors. Information on the historical use and a summary of site data and
background data are provided in Attachment 3. '

Non-PMJM Receptors — Small Home-Range

For the non-PMJM receptors, potential risks from exposure to tin were evaluated using a
range of EPCs, default exposure scenarios, and default TRVs. NOAEL HQs were greater
than 1 for the mourning dove (insectivore) and deer mouse (insectivore) using Tier 2
UTLs only. All LOAEL HQs for both receptors were less than 1. The lack of HQs
calculated when using effects-based TR Vs indicates that risk to non-PMJM small home-
range receptors is likely to be low.

Table 10.2 presents a summary of HQs calculated using the arithmetic mean ,
concentration used as cell-specific EPCs for surface soil samples. within each of the Tier

2 30-acre grid cells. Default NOAEL and LOAEL TRVs were used in the HQ
calculations. Tin samples were available from 24 grid cells (Figure 10.5). NOAEL HQs
greater than 1 were calculated in 42 percent of the grid cells while no LOAEL HQs
greater than 1 were calculated in any grid cell for the most sensitive receptor (moumning
dove [insectivore]). The results of the grid-cell analysis indicate that the average
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exposure to sub-populations of small home-range receptors result in low risk from

exposure to tin. ‘

The uncertainty section discussed the uncertainties and likely conservatisms in the BAFs
used to estimate tissue concentrations. Because no HQs greater than 1 were calculated
using the LOAEL TRV, risks to non-PMIJM receptor populations in the IAEU are likely
to be low.

10.1.6 Dioxin (total)

Dioxin (total) HQs for the mourning dove (insectivore) and deer mouse (insectivore) are
presented in Table 10.1. Figure 10.6 shows the spatial distribution of dioxins in relation
to the lowest ESL and also presents the data used in the calculation of the Tier 2 EPCs.

HQs Calculated to Characterize Uricertainty

Uncertainties related to the default HQ calculations provided in Table 10.1 are discussed
in detail in Attachment 5. Uncertainties related to BAFs, TRVs, and background risks are
presented.

No receptors had LOAEL HQs greater than 1 using the default exposure assumptions and
no alternative HQs were calculated. '

However, care should be taken to review the chemical-specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative

HQs are provided. ‘
Non-PMJM Receptors — Small Home-Range

NOAEL HQs calculated using Tier 1 and Tier 2 UTLs were greater than 1 for the
mourmning dove (insectivore) and deer mouse (insectivore) receptors. All LOAEL HQs
were less than 1 for both receptors. Risks to populations of receptors from exposure to
dioxins in IAEU surface soils are, therefore, likely to be low.

Table 10.2 presents a summary of HQs calculated using the arithmetic mean
concentration used as cell-specific EPCs for surface soil samples within each of the Tier
2 30-acre grid cells. Default NOAEL and LOAEL TRVs were used in the HQ
calculations. Dioxin samples were available from 4 grid cells (Figure 10.6). NOAEL HQs
greater than 1 were calculated in all of the grid cells with dioxin data while no LOAEL
HQs greater than 1 were calculated in any grid cell for the most sensitive receptor (deer
mouse [insectivore]). The results of the grid-cell analysis indicate that the average
exposure to sub-populations of small home-range receptors results in low risk from
exposure to dioxins.

10.1.7 Bis(2-ethylhexyl)phthalate

Bis(2-ehtylhexylphthalate) HQs for the American kestrel and mouming dove
(insectivore) are presented in Table 10.1. Figure 10.7 shows the spatial distribution of |
bis(2-ethlyhexyl)phthalate in relation to the lowest ESL and also presents the data used in i
the calculation of the Tier 2 EPCs. ‘ 1
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HQs Calculated to Characterize Uncertainty

Uncertainties related to the default HQ calculations provided in Table 10.1 are discussed
in detail in Attachment 5. Uncertainties related to BAFs, TRVs, and background risks are
presented.

No LOAEL HQs greater than 1 were calculated for any non-PMJIM receptor Therefore,
no alternative HQ ca]culatlons are provided.

However, care should be taken to review the chemical-specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative
HQs are provided.

Bis(2-ethylhexyl)phthalate — Risk Description

There is no identified source in the IAEU of bis(2-ethylhexyl)phthalate, which was
identified as an ECOPC for the American kestrel and mourning dove (insectivore)
receptors. Information on the historical use and a summary of site data and background
data are provided in Attachment 3.

Non-PMJM Receptors — Small Home-Range

Potential risks to receptors of concern were estimated using a range of EPCs. NOAEL
HQs were greater than 1 for the mourning dove (insectivore) receptor. NOAEL HQs were
equal to 1 for the American kestrel (Table 10.1). All LOAEL HQs were less than 1 for
both species. Because no effects-based TRVs resulted in HQs greater than 1, risks to non-
PMIM receptors are hke]y to be low.

Table 10.2 presents a summary of HQs calculated using the arithmetic mean :
concentration used as cell-specific EPCs for surface soil samples within each of the Tier

2 30-acre grid cells. Default NOAEL and LOAEL TRVs were used in the HQ
calculations. Bis(2-ethylhexyl)phthalate samples were available from 22 grid cells

(Figure 10.7). NOAEL HQs greater than 1 were calculated in all of the grid cells, while
no grids had LOAEL HQs greater than 1 for the most sensitive receptor (mourning dove
[insectivore]). The results of the grid-cell analysis indicate that the average exposure to
sub-populations of small home-range receptors results in low risk from exposure to b1s(2- ’
ethylhexyl)phthalate.

These linies of evidence along with the uncertainty analysis mdncated that risks to non—
PMIM receptors is likely low.

10.1.8 Di-n-butylphthalate

Di-n-butylphthalate HQs for American kestrel and mourning dove (insectivore) are
presented in Table 10.1. Figure 10.8 shows the spatial distribution of di-n-butylphthalate
in relation to the lowest ESL and also presents the data used in the calculatlon of the Tier
2 EPCs.
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HQs Calculated to Characterize Uncertainty

Uncertainties related to the default HQ calculations provided in Table 10.1 are discussed
in detail in Attachment 5. Uncertainties related to BAFs, TRVs, and background risks are
presented.

LOAEL HQs greater than 1 were calculated for the moumning dove (insectivore) receptor.
However, as discussed in the uncertainty analysis, no alternative calculations are
available.

However, care should be taken to review the chemical-specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative
HQs are provided.

Di-n-butylphihalate — Risk Description

There is no identified source in the IAEU of di-n-butylphthalate, which was identified as
an ECOPC for the American kestrel and mourning dove (insectivore) receptors.
Information on the historical use and a summary of site data and background data are
provided in Attachment 3.

Non-PMJM Receptors — Small Home-Range

Potential risks to receptors of concern were estimated using a range of EPC TRVs.
NOAEL HQs were greater than 1 for the mouming.dove (insectivore) and American
kestrel (Table 10.1). LOAEL HQs were also greater than or equal to 1 for the mourning
dove (insectivore) but were less than 1 for the American kestrel. Risks to the American
kestrel are, therefore, likely to be low from exposure to di-n-butylphthalate. Risks to the
mourning dove (insectivore) have the potential to be significant and further evaluation is
required. .

Table 10.2 presents a summary of HQs calculated using the arithmetic mean
concentration used as cell-specific EPCs for surface soil samples within each of the

Tier 2 30-acre grid cells. Default NOAEL and LOAEL TRVs were used in the HQ
calculations. Di-n-butylphthalate samples were available from 22 grid cells (Figure 10.8).
NOAEL and LOAEL HQs greater than 1 were calculated in 100 percent of the grid cells.
All LOAEL HQs were between 1 and 5 for the most sensitive receptor (mourning dove
[insectivore]). The results of the grid-cell analysis indicate that the average exposure to
sub-populations of small home-range receptors requires further evaluation.

The uncertainty analysis discussed the uncertainty in the BAFs used in the exposure
models and the potential for overestimation of invertebrate and small mammal tissue
concentrations. It is, therefore, likely that risks are somewhat overestimated. In addition,
di-n-butylphthalate is a common laboratory contaminant. Given that the highest LOAEL
HQ calculated equaled 2, other lines of evidence indicate a possibility for overestimation
of risk, and there is no known source, risks to the mourning dove (insectivore) receptor
are likely low.
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10.1.9 Total Polychlorinated Biphenyl

Total PCB HQs for the American kestrel and mourning dove (insectivore) are presented
in Table 10.1. Figure 10.9 shows the spatial distribution of total PCB in relation to the
lowest ESL and also presents the data used in the calculation of the Tier 2 EPCs.

HQs Calculated to Characterize Uncertainty

Uncertainties related to the default HQ calculations provided in Table 10.1 are discussed
in detail in Attachment 5. Uncenamtres related to BAFs, TRVs ‘and background risks are
presented.

No LOAEL HQs greater than 1 were calculated for any non-PMJM receptor. Therefore,
no alternative HQ calculations are provided.

However, care should be taken to review the chemical-specific uncertainties discussed in
Attachment 5 when reviewing the results of all receptors regardless of whether alternative
HQs are provided. :

Total PCBs — Risk Description |

Total PCBs were identified as an ECOPC for the mourning dove (msectlvore) and
-‘American kestrel receptors.

Non-PMJM Receptors — Small Home—Range

Potential risks to receptors of concern were estimated using a range of EPCs. NOAEL

HQs were greater than 1 for the mouming dove (insectivore) and American kestrel

~ receptors (Table 10.1). All LOAEL HQs were less than 1 for both speciés. Because no
~ effects-based TRVs resulted in HQs greater than 1, risks to non-PMJM receptors are

likely to be low.’

Table 10.2 presents a summary of HQs calculated 'using the arithmetic mean
concentration used as cell-specific EPCs for surface soil samples within each of the Tier
2 30-acre grid cells. Default NOAEL and LOAEL TRVs were used in the HQ

calculations. Total PCB samples were available from 21 grid cells (Figure 10.9). NOAEL

HQs greater than 1 were calculated in 90 percent of the grid cells, while only 5 percent of
the grids had LOAEL HQs greater than 1 for the most sensitive receptor (mourning dove
[insectivore]). The results of the grid-cell analysis indicate that the average exposure to
sub-populations of small ho