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EXECUTIVE SUMMARY

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Report describes
investigations conducted at Area of Concern (AOC) 721, Zone C, at the Charleston Naval Complex
(CNC) in North Charleston, South Carolina. The RFI report assesses human health and ecological risks

at AOC 721, and provides recommendations regarding the need for further evaluation.

Historical Information and Setting

AOC 721 is approximately 1.6 acres in size, and is located in the northern portion of CNC, immediately
south of Noisette Creek, and adjacent to Solid Waste Management Unit (SWMU) 44. The area
encompassing AOC 721 was formerly a marsh that was filled with dredge material in the early 1920s.
Much of the site is still a wetland, but instead of a marsh, the site is densely vegetated with scrub-shrub
species such as laurel oak (Quercus laurifolia), wax myrtle (Myrica cerifera), marsh elder (lva frutescens),
sea myrtle (Baccharis halimifolia) and sea ox-eye (Borrichia frutescens). Herbaceous vegetation and
vines such as salt marsh bulrush (Scirpus robustus), black grass (Juncus gerardii), salt grass (Distichlis
spicata), Southern dewberry (Rubus trivialis), poison ivy (Toxicodendron), and Virginia creeper
(Parthenocissus quinquefolia) are common in some portions of the site. A 650-foot-long drainage ditch
forms the western edge of the site, and discharges into Noisette Creek. A small pond east of the ditch

drains into the ditch.

A coal storage facility was located within SWMU 44 from 1941 until 1996. Coal was stored in piles, and
the amount of coal stored at the facility varied over time. An aerial photograph from 1957 indicates that
the coal storage area extended into the southeastern portion of AOC 721. Based on available historical
information, sources of contamination at AOC 721 include filling of the marsh with dredge material and

the storage of coal.

AOC 721 was designated as an AOC as a result of investigations of SWMU 44, and thus, investigations
associated with SWMU 44 are pertinent to the history of AOC 721. Initial sampling events conducted
between 1981 and 1985 at SWMU 44 identified metals in surface water and storm water runoff samples.
A RCRA Facility Assessment (RFA) to evaluate the coal storage facility was conducted in 1995.
Conclusions based on 1981 to 1985 sampling events and the RFA led to RFI activities, which began in
1995 and continued until 1997. The Zone C RFI Report (EnSafe, 1997) identified aluminum, arsenic,
beryllium, and benzo(a)pyrene equivalents (BEQs) as SWMU 44 chemicals of concern (COCs) in soil;
and aluminum, antimony, arsenic, beryllium, and manganese as SWMU 44 groundwater COCs. The bulk
coal historically stored at the site was identified as the likely source of soil and stormwater runoff

contamination; and as a result, an interim measure (IM) was conducted in 1996 by the Navy

091005/P ES-1 CTO JM62
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Environmental Detachment Charleston to remove the existing coal pile and surface soil that visually

appeared to be contaminated. A Corrective Measures Study (CMS) following the RFI began in 1999 and

was completed in 2002 (CH2M-Jones, 2002). A second IM at SWMU 44 to remove arsenic-impacted

soils was conducted in 2001 to meet remediation goals that would allow unrestricted land use. The CMS

Work Plan/Interim Measure Completion Report (CH2M-Jones, 2002) concluded that SWMU 44 should be

considered for No Further Action (NFA) status. SWMU 44 received NFA status documented in a letter
from South Carolina Department of Health and Environmental Control (SCDHEC) dated 13 May, 2002.

During the CMS investigation mentioned above, elevated concentrations of arsenic were detected in soil
samples collected north of SWMU 44. In addition, historical photos were found indicating that the coal
storage area extended northward beyond what had been considered the northern extent of SWMU 44. In
2001, the Navy requested that SCDHEC designate the area of elevated arsenic concentrations as a new

site, separate from SWMU 44. The area in question was subsequently designated as AOC 721.

RFI field activities for AOC 721 began in April 2003 and were performed in accordance with the AOC 721
RFI Work Plan (EnSafe, 2003). Based on the preliminary RFI results, IM soil removal activities were
performed in November 2005 (Spectra Tech, 2006), and consisted of the removal of arsenic-
contaminated soil from an 893 square foot area in which arsenic concentrations exceeded the target
cleanup level of 70 mg/kg. The cleanup target level was the National Oceanic and Atmospheric
Administration (NOAA) Effects Range Median (ER-M), which is an ecological risk assessment-based
value for sediment that indicates when impacts to benthic macro invertebrates are expected. Following
the IM soil removal activities, additional groundwater samples were collected by Tetra Tech in 2008 to

assess post-IM groundwater concentrations.

Human Health Risk Assessment

The baseline human health risk assessment for AOC 721 was performed to characterize potential risks to
likely human receptors under current and potential future land use. Potential receptors retained for
quantitative evaluation included current/future construction workers, industrial workers, adolescent
trespassers, adult and child recreational users, and hypothetical child and adult residents. Surface soil,

groundwater, surface water, and sediment were evaluated.

Cumulative Hazard Indices (HIs) for the typical industrial worker, adolescent trespassers, and adult
recreational users under the reasonable maximum exposure (RME) scenario were less than or equal to
unity (1). The cumulative HI for the construction worker exceeded unity, but Hls calculated on a target
organ/target effect specific basis did not exceed unity. Cumulative Hls for the child recreational user
exposed to surface soil (HI = 3), for the hypothetical child resident exposed to surface soil (HI = 9), for the

hypothetical child resident exposed to groundwater (HI=108), and for hypothetical adult resident

091005/P ES-2 CTO JM62



REVISION 2

MAY 2013

exposed to groundwater (HI = 46) exceeded unity even when calculated on a target organ/target effect
specific basis. The primary risk drivers (i.e., chemicals contributing most to the elevated risk estimates)
are arsenic and thallium in surface soil and antimony, arsenic, manganese, and thallium in groundwater.
However, note that the maximum concentration of arsenic detected in surface soil only slightly exceeds
the AOC 721 background value. For thallium, a provisional toxicity value was provided by USEPA’s
National Center for Environmental Assessment for the purposes of developing screening levels for soil
and groundwater. However, USEPA concluded that available human studies do not support derivation of
an oral RfD. Therefore, while the provisional value was used for screening and evaluating the likelihood
for noncarcinogenic effects, the results will not be used to determine whether thallium should be a

contaminant of concern.

Cumulative incremental lifetime cancer risks (ILCRs) for construction workers, typical workers, adolescent
trespassers, child recreational users, adult recreational users, and lifelong recreational users exposed to
surface soil, groundwater, and sediments of AOC 721 were less than or within the USEPA’s target risk
range of 10 to 10°. Cumulative ILCRs for the following receptors hypothetically exposed to AOC 721

surface soil and groundwater exceeded USEPA’s target risk range:

Receptor Medium ILCR
Child Resident Soil 2E-04
Child Resident Groundwater 2E-03
Adult Resident Groundwater 3E-03
Lifelong Resident Surface Soil 2E-04
Lifelong Resident Groundwater 5E-03

Arsenic was the main contributor to the ILCRs for exposure to soil. However, note that the maximum
concentration of arsenic detected in surface soil only slightly exceeds the AOC 721 background value.
Arsenic, chromium (evaluated using hexavalent chromium toxicity criteria), bis(2-ethylhexyl) phthalate,

and heptachlor were the main contributors to the ILCRs for groundwater.

Ecological Risk Assessment

The ecological risk assessment for AOC 721 consisted of Steps 1, 2, and 3a of the eight-step ecological

risk assessment (ERA) process. Surface soil, surface water, and sediment were evaluated.

Ecological chemicals of potential concern (COPCs) pose negligible potential risks to aquatic organisms,

terrestrial plants, and soil invertebrates at the site.

091005/P ES-3 CTO JM62
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Concentrations of arsenic, cobalt, mercury, selenium, and zinc in some sediment samples exceeded

values indicative of expected impacts to benthic invertebrates.

Food chain modeling was conducted to evaluate potential risks to terrestrial wildlife from bioaccumulative
COPCs in surface soil and sediment. Insectivorous and piscivorous species of birds and mammals
representative of those that would likely inhabit AOC 721 were selected as surrogate species; these
consisted of the short-tailed shrew, American robin, star-nosed mole, Carolina wren, mink, and green
heron. The food chain modeling indicated that bioaccumulative COPCs pose negligible risks to
insectivorous mammals. Mercury was the only bioaccumulative COPC that could pose risks to

insectivorous and piscivorous birds.

Conclusions and Recommendations

Cumulative Hls for the child recreational user (HI = 3) and child resident (HI = 9) exposed to surface soil
exceeded unity even when calculated on a target organ/target effect specific basis, due primarily to
arsenic and thallium. Cumulative Hls for the child resident (HI = 108) and adult resident (HI = 46)
exposed to groundwater exceeded unity, due primarily to antimony, arsenic, manganese, and thallium.
Cumulative ILCRs for various resident scenarios exceeded the USEPA’s target risk range due primarily to
arsenic in soil, and to arsenic, chromium (evaluated using toxicity criteria for hexavalent chromium),
bis(2-ethylhexyl) phthalate, and heptachlor in groundwater. As noted previously for thallium, a provisional
toxicity value was provided by USEPA’s National Center for Environmental Assessment for the purposes
of developing screening levels for soil and groundwater. However, USEPA concluded that available
human studies do not support derivation of an oral RfD. Therefore, while the provisional value was used
for screening and evaluating the likelihood for noncarcinogenic effects, the results will not be used to
determine whether thallium should be a contaminant of concern. The ERA recommended that arsenic,
cobalt, mercury, selenium, and zinc be retained as COPCs because concentrations of these five
chemicals in some samples indicated expected impacts to sediment invertebrates. The ERA also
recommended that mercury in sediment be retained as a COPC for insectivorous and piscivorous birds
based on food chain modeling. It is therefore recommended that a corrective measures study be
conducted to address the above chemicals with the exception of thallium in soil/sediment and

groundwater.
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1.0 INTRODUCTION

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Report has been prepared
for Area of Concern (AOC) 721, Zone C, at the Charleston Naval Complex (CNC) as part of the U.S. Navy
(Navy) Comprehensive Long-Term Environmental Action Navy (CLEAN) program. The environmental
investigation and remediation at CNC are required by the Hazardous and Solid Waste Amendment (HSWA)
portion of the RCRA Part B permit issued by the South Carolina Department of Health and Environmental
Control (SCDHEC). RCRA Corrective Action Program objectives are designed to evaluate the nature and
extent of any hazardous waste or constituent releases, and to identify, develop, and implement appropriate

corrective measures to protect human health and the environment.

CNC is on the western bank of the Cooper River in North Charleston, South Carolina (Figure 1-1). AOC 721
is located along the southern bank of Noisette Creek in Zone C, west of Avenue D North (Figure 1-2). The
site is an extension of the boundary area of Solid Waste Management Unit (SWMU) 44, a former coal storage

area.

AOC 721 was previously investigated as part of the Zone C RFI. Preliminary investigations of this area were
detailed in the Final RCRA Facility Assessment (RFA) (EnSafe/Allen & Hoshall, 1995a) and the Final Zone C
RFI Report (EnSafe, 1997). These reports provide details of the base closure process for environmental
cleanup, division of the base into investigative zones, and the investigative approach for the RFI. This RFI
Report, prepared by Tetra Tech, Inc. (Tetra Tech), focuses on the AOC 721 property and is submitted to
satisfy the HSWA portion of the Part B permit, dated September 8, 2011.

1.1 SITE DESCRIPTION

AOC 721 is approximately 1.6 acres and is located in the northernmost portion of Zone C, west of Avenue D
North, and just south of Noisette Creek (Figure 1-3). The site includes a 650-foot-long drainage ditch on the
western side of the site that begins at the northernmost area of the SWMU 44 investigation area and runs
northeast along the former perimeter road before discharging into Noisette Creek. A small pond east of the
ditch drains into the 650-foot-long ditch. A surface topography survey was conducted to accurately determine

site boundaries and surface flow runoff during the RFI field work.

Because AOC 721 is an extension of SWMU 44, site history descriptions reflect activities associated with
SWMU 44. During the Corrective Measures Study (CMS) investigation (2002) by CH2MHill, Inc., and J.A.
Jones Construction (CH2M-Jones) for SWMU 44, elevated concentrations of arsenic were detected in soil
samples collected north of the SWMU 44 1996 coal pile footprint area. In 2001, the Navy requested that

SCDHEC designate the area of elevated arsenic concentrations as a new site, separate from SWMU 44. The
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request to classify the area of elevated arsenic detections north of the SWMU 44 footprint as another site was

discussed during a partnering meeting (April 2002 Base Realignment and Closure Act [BRAC] Cleanup Team

[BCT]) and presented in the May 2002 CMS Work Plan/Interim Measure (IM) Completion Report, SWMU 44,
Zone C (CH2M-Jones, 2002).

The area encompassing AOC 721 is slightly north of SWMU 44. Much of what is now AOC 721 and
SWMU 44 was formerly a marsh, and was filled with dredge materials in the early 1920s. A coal storage
facility was located within the footprint of SWMU 44 from 1941 until 1996 [Spectra Tech, Inc., (Spectra Tech)
2006a). Aerial photographs taken in the 1950s show the coal storage facility as a non-vegetated area,
indicating that the area north of the railroad was used for coal storage. As Figure 1-4 indicates, a portion of
the coal storage area, as delineated from a 1957 aerial photograph of the area, was within the present
boundaries of AOC 721. The amount of coal stored at the facility varied over time, and at one point, coal piles

extended north along the railroad tracks.

The site area currently consists of grasses, small trees, and a drainage ditch along the northern edge. A
shallow pond resulting from coal pile removal activities in 1996 is located within the SWMU 44 boundary west

of the railroad and is approximately 100 to 200 feet in diameter (Figure 1-3).

No activities other than the filling of marsh area with dredge materials and coal storage have been
documented for the area between Noisette Creek and the railroad spur built for the storage and transfer of
coal used at the power house (Building 32). These are the same activities associated with SWMU 44, which
is nearly adjacent to AOC 721. Portions of what is now classified as AOC 721 were included in the 1996
Interim Stabilization Measures (ISM) coal removal. Therefore, the list of analyses for investigating AOC 721
was the same as proposed for SWMU 44 in the Zone C RFI Work Plan (EnSafe/Allen & Hoshall, 1995b), and

refined based on subsequent SWMU 44 soil, groundwater, and sediment sampling data.

1.1.1 Previous Site Investigations

Initial sampling events conducted between 1981 and 1985 identified metals and suspended solids in surface
water and storm water runoff samples. An RFA to evaluate the coal storage facility was conducted in 1995.
Conclusions of the 1981-1985 sampling events and the RFA led to RFI activities, which began in 1995 and
continued until 1997. The Zone C RFI Report (EnSafe, 1997) identified aluminum, arsenic, beryllium, and
benzo(a)pyrene equivalents (BEQs) as SWMU 44 chemicals of concern (COCs) in soil; and aluminum,
antimony, arsenic, beryllium, and manganese as SWMU 44 groundwater COCs. The bulk coal historically
stored at the site was identified as a potential source of soil and stormwater runoff contamination; and as a
result, an IM was conducted in 1996 by the Navy Environmental Detachment Charleston to remove the
existing coal pile and associated, visually-suspect surface soil. A CMS following the RFI began in 1999 and

was completed in 2002. A second IM at SWMU 44 to remove arsenic-impacted soils near the railroad was
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conducted in 2001 by CH2M-Jones to meet remediation goals that would allow unrestricted land use. The

CMS Work Plan/Interim Measure Completion Report concluded that SWMU 44 should be considered for No

Further Action (NFA) status. SWMU 44 received NFA status documented in a letter from SCDHEC dated
13 May, 2002.

Soil and sediment samples collected during the CMS and IM activities indicated arsenic exceedances in the
area designated as AOC 721 extending approximately 150 feet north of the 1996 north coal pile footprint and
in the drainage ditch running along the northern edge of the site toward Noisette Creek. The soil,
groundwater, and sediment data collected as part of the previous SWMU 44 investigations created an initial
database for the AOC 721 area. This data was used to develop the investigation strategy and work plan for
AOC 721.

1.1.2 Site Investigation

RFI field activities for AOC 721 began in April 2003. Investigations were performed in accordance with the
AOC 721 RFI Work Plan (EnSafe, 2003). The AOC 721 RFI Work Plan addressed sampling and analysis
requirements resulting from data gaps noted during the evaluation of data from SWMU 44 within the AOC 721

boundary, and on expected migration pathways to Noisette Creek based on surface topography.

Based on the preliminary RFI results, IM soil removal activities were performed in 2005 (Spectra Tech, 2006a)
and is summarized in Section 6.0 of this report. Following the IM soil removal activities, additional

groundwater samples were collected by Tetra Tech in 2008 to assess post-IM groundwater concentrations.

1.2 REPORT ORGANIZATION

This report is divided into 10 sections. Section 1.0 serves as an introduction. Section 2.0 provides
information on the physical setting. Section 3.0 summarizes the RFI field investigations. Section 4.0 provides
information on the nature and extent of AOC 721 contamination. Section 5.0 details the fate and transport of
contaminants. Section 6.0 provides a description of the IM activities performed to date. Sections 7.0 and 8.0
provide the human health risk assessment and the ecological risk assessment, respectively. Section 9.0

presents conclusions and recommendations. Section 10.0 provides references
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2.0 PHYSICAL SETTING

CNC is located in the Lower South Carolina Coastal Plain Physiographic Province, on the Cooper River

side of the Charleston Peninsula, which is formed by the confluence of the Cooper and Ashley Rivers.

AOC 721 is located in Zone C in the former naval shipyard area, proximal to the southern bank of
Noisette Creek, west of Avenue D North, and consists of three topographically distinct areas. The first
topographic area consists of a northeast trending ditch that is approximately 650 feet in length. The flow
channel is typically 2 to 3 feet in depth and ranges in elevation from 4 feet mean sea level (msl) at the
upland end to -2 feet msl at the confluence with Noisette Creek. A narrow upland area parallels the ditch
and ranges in elevation from 3.5 feet msl to 6 feet msl. The second area is just south of the drainage
ditch/Noisette Creek confluence and ranges in elevation from 3.5 feet msl to 5.5 feet msl, with minor
topographic depressions. The third area is between the railroad spur and Avenue D North in the

northeast portion of AOC 721 and rises steeply from Noisette Creek to approximately 8 feet msi.

21 GEOLOGY

AOC 721 is situated on poorly consolidated Quaternary age sediments that overlie the Tertiary age (Ta)
Ashley Formation. Quaternary age sediments (Qs, Qm, and Qc) at the site are sometimes covered by a
thin veneer, less than a few feet in thickness, of anthropogenic fill placed during various phases of

construction and site operations.

Lithologic information was obtained from two continuously sampled rotasonic soil borings (044027 and
044028, located near the center and southeastern corners of AOC 721, respectively) previously
advanced to 45 feet below ground surface (bgs) in the AOC 721 area. A stratigraphic column for
AOC 721 lithologies based on borings 044027 and 044028, exclusive of anthropogenic fill materials, is

presented below.

Tertiary Age (Ta)

The Ta Ashley Formation is olive-brown, calcareous, clayey silt, and is present throughout the Charleston
area. Ta was encountered at approximately -30 feet msl in borings 044027 and 044028 that were

advanced to the top of this unit during SWMU 44 activities.

Quaternary Age Sediments (Qs, Qm, and Qc)

Qsq is a light to medium grey, fine- to coarse-grained, well-sorted sand, with basal shell hash and

phosphate. This unit was encountered at depth in both borings and is the basal sand for this section.
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Qs is typically grey to grey-green, very fine to fine, silty sand. Sands of this unit were the prevalent sand

sediments in boring 044028, located near the southeastern corner of AOC 721.

Qs; is a tan-grey, fine to coarse-grained, well-sorted sand. Sands of this unit were encountered
throughout the section at location 044027 near the center portion of AOC 721.

Qm is a dark grey to black, sometimes dark brown or greenish grey, soft, organic-rich clayey silt, locally
known as “marsh clay”. Thickly interbedded with Qs; at boring 044027 but thinly interbedded with Qs, at
boring 044028.

Qc is a grey-green with occasional red or blue, firm to stiff inorganic clay. There are only two occurrences
of Qc, both occurring at boring 044028. One is thinly bedded in mid-section, and the other is as a well

developed basal unit of the section directly overlying Ta.

2.2 GROUNDWATER

2.21 Regional

The Ta is a regional confining unit isolating surficial sediments from deeper sediments in the Charleston
area. Sediments overlying the Ashley Formation are grouped into a single surficial aquifer. The surficial
aquifer is considered to be an unconfined unit. However, localized confined and semi-confined conditions
occur within the aquifer due to its heterogeneous nature. Groundwater flow in the surficial aquifer tends
to follow topography and flows to the Cooper and Ashley River drainages, which bound the Charleston

peninsula.

222 AOC 721

The site is situated on unconsolidated sediments that have been grouped into a single surficial aquifer.
The surficial aquifer at AOC 721 consists primarily of either Qs, or Qs; interbedded with Qm. Sand Qs is
more dominant than Qm in boring 044028 located near the southeast corner of the AOC. However, the
distribution of sand Qs3; and Qm are approximately equal throughout boring 044027 near the center of
AOC 721 and the alternating beds increase almost equally in thickness with depth. The occurrences of
inorganic clay (Qc) and marsh clay (Qm) are typically effective aquitard material in the vertical direction.
Consequently, the interbedded nature of the aquifer matrix may lead to localized semi-confined areas in
what is considered to be an unconfined surficial aquifer system. Recharge to the surficial aquifer at

AOC 721 is by direct recharge from precipitation and by lateral flow from upgradient areas of Zone C.
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Groundwater Flow

Figure 2-1 depicts groundwater elevation contours for the SWMU 44 and AOC 721 area based on
synoptic 1996 pre-coal removal and IM water-level data collected from all wells in the study area.
Groundwater elevation contours for the SWMU 44 and AOC 721 study area prior to the 1996 coal
removal demonstrate that shallow groundwater flow directions were north and north-northwest toward
Noisette Creek. Groundwater elevation contours based on synoptic data collected in March 2002 are
presented on Figure 2-2. Shallow groundwater flow directions in 2002 were also north and north-
northwest toward Noisette Creek, demonstrating that groundwater flow directions between the 1996 pre-

IM removal and 2002 post-IM removal events were not significantly changed.

Hydraulic Gradient

Flow paths at locations A and B were selected for estimating horizontal hydraulic gradients under existing
conditions and are depicted on Figure 2-2. Table 2-1 presents values and gradients calculated using the
March 2002 groundwater elevation contours.

TABLE 2-1
HORIZONTAL HYDRAULIC GRADIENTS
Location AH (ft) AL (ft) Gradient

A 3 186 0.016

B 3 167 0.018
Notes:
AH = Change in Head
AL = Change in Length

ft feet

Horizontal Flow Velocity

Flow velocities are estimated using hydraulic conductivity (Kh) and porosity values obtained from
hydraulic testing and geotechnical laboratory analysis. Geotechnical and hydraulic testing performed
during the SWMU 44 RFI were used to estimate flow velocities at AOC 721.

An undisturbed sample of orange-brown/tan fine-grained sand (Qs;), was recovered using a thin-walled
sampler (Shelby tube) from a depth of 14.5 to 16.5 ft bgs in well boring 044004, and submitted for
laboratory analysis. Laboratory permeability of the undisturbed sample was determined to be 3.50 x 10™
centimeters/second [0.992 feet per day (ft/day)]. Slug testing performed at well 044006 yielded a
comparable permeability of 1.35 ft/day. The Geometric Mean of laboratory and field permeability data is

1.16 ft/day. Porosity of the undisturbed sand sample was determined to be 0.293.
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AOC 721 horizontal flow velocities were estimated using hydraulic gradients along flow paths A and B,
developed from March 19, 2002, groundwater elevation data, and are presented in Table 2-2. Laboratory
porosity and hydraulic conductivity geometric mean were used to calculate horizontal groundwater flow
velocities for AOC 721.

TABLE 2-2
HORIZONTAL FLOW VELOCITIES
Flow Path Hydraulic Gradient (ft/ft) Porosity Kh (ft/day) Velocity
(ft/day)
A 0.016 0.293 1.16 0.063
B 0.018 0.293 1.16 0.071
Notes:
ft/ft = feet per foot
ft/day = feet per day
Kh = Horizontal hydraulic conductivity (geometric mean of field and laboratory data)

Vertical Groundwater Flow

No deep wells were installed at the site. Therefore, an evaluation of vertical flow direction and gradient
within the surficial aquifer at AOC 721 is not possible. However, deeper aquifers are isolated from the

surficial aquifer by the Ashley Formation, which is an effective regional confining unit.

23 CLIMATE

Summary discussions of climatological conditions at CNC are presented in Section 2.3 of the Zone C
RCRA Facility Investigation Report (EnSafe, 1997).
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3.0 FIELD INVESTIGATION

This section lists the field investigation objectives and describes the technical sampling methods,
procedures, and protocols implemented for AOC 721 data collection. Fieldwork was conducted in
accordance with the Comprehensive Sampling and Analysis Plan (CSAP) (EnSafe/Allen&Hoshall, 1996),
the United States Environmental Protection Agency (USEPA) Region 4, Environmental Services Division,
Standard Operating Procedures and Quality Assurance Manual (1996) (ESDSOPQAM), the AOC 721 RFI
Work Plan (EnSafe, 2003), and the Quality Assurance Project Plan for Supplemental RCRA Facility
Investigation of AOC 721 (Tetra Tech, 2008).

3.1 INVESTIGATION OBJECTIVES

The sampling strategy for AOC 721 was detailed in the AOC 721 RFI Work Plan (EnSafe, 2003) and was

designed to:
e Determine the extent of semivolatile organic compound (SVOC) contamination detected in previous
soil sample location 044SS005 and evaluate the potential for contaminant migration into the drainage

ditch.

¢ Delineate screening criteria soil exceedances at sample locations 044M0017, 044SS006, 044SB025
and 044SB027.

o Determine the oxidation/reduction potential (ORP) and dissolved constituent concentrations in

groundwater [total organic carbon (TOC), total dissolved solids (TDS), Fe?* and Fe3+].

o Evaluate groundwater geochemistry: temporal variations in detected arsenic concentrations,

variations in groundwater geochemistry, and determine reasons for arsenic detections in well 044007 .
o Confirm constituent concentrations from previous sediment data and evaluate possible runoff from
upland sources, and delineate screening criteria exceedances in the drainage ditch, as well as

determine if sediment from AOC 721 is impacting Noisette Creek.

e Determine variations in surface water quality resulting from tidal inundation.

As described in Section 1.1.3, sampling was also conducted in 2008 by Tetra Tech to determine post-IM

groundwater concentrations.
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3.2 SAMPLING PROCEDURES, PROTOCOLS, AND ANALYSES

3.2.1 Sample Identification

All samples collected during this investigation were identified using the 10-character scheme from
Section 11.4 of the CSAP. This scheme identifies the samples by site, matrix, location, and depth. The
first three characters identify the site where the sample was collected. The fourth character identifies the
sample matrix or quality control (QC) code. The fifth through eighth characters identify the location. The
ninth and tenth characters identify the soil sample interval or groundwater sampling event. For example,
sample ID 721SB00601 is a first-interval soil sample (S) from soil boring (B) 006 at AOC 721. Similarly,
sample ID 044GWO00509 would be the ninth groundwater (G) sample collected from monitoring well (W)
005 at SWMU 044, and 044GW00510 would indicate the tenth groundwater sample collected from the

same well.

3.2.2 Soil Sampling

Section 4 of the CSAP describes RFI soil sampling procedures and activities.

3.2.21 Soil Sampling Locations

Soil samples were collected in April 2003 from locations proposed in the AOC 721 RFI Work Plan
(EnSafe, 2003) and based on the investigation strategy outlined in Section 6 of that plan. After the
analytical data from the initial round of soil samples were evaluated, a second sampling event was
deemed necessary to characterize the extent of elevated concentrations of SVOCs and metals. The

second soil sampling event was conducted in June 2003.

3.2.2.2 Soil Sample Collection

Composite soil samples were collected for laboratory analysis from 0- to 1-ft bgs. The 0- to 1-ft bgs
interval is referred to in this report as the “first”, “upper interval” or “surface”. No other intervals were

collected during the AOC 721 RFI soil sampling.
Stainless-steel spoons and bowls were used to collect soil samples. At grassy locations, the vegetative

root zone (generally less than 2 inches thick) overlying the soil was removed before advancing the spoon

to 1 ft bgs. Soil from the 0- to 1-ft bgs interval was homogenized in accordance with the CSAP.
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3.2.23 Soil Sample Preparation, Packaging, and Shipment

Section 3.2.2.3 of the Zone A RFI Report (EnSafe, 1998) discusses soil sample preparation, packaging,
and shipment for CNC.

3.2.24 Soil Sample Analysis

Section 3.2.2.4 of the Zone A RFI Report (EnSafe, 1998) discusses soil sample analysis for CNC.

3.23 Monitoring Well Installation and Development

No new monitoring wells were installed during the AOC 721 RFI investigation.

3.2.31 Monitoring Well Development

SWMU 44 wells sampled during the AOC 721 RFI investigation were developed until field parameters
(e.g., temperature, dissolved oxygen, pH, turbidity, etc.) in the groundwater stabilized during well purge

prior to sampling.

3.24 Groundwater Sampling

Groundwater was sampled in accordance with Section 6 of the CSAP. The following subsections briefly

summarize the site-specific methods applied for AOC 721 groundwater collection.

3.241 Groundwater Sampling Locations

Groundwater samples were collected from the approved well locations identified in the AOC 721 RFI
Work Plan (EnSafe, 2003), which consisted of SWMU 44 wells 044005, 044006, and 044007
(Figure 3-1).

3.24.2 Groundwater Sample Collection

Section 3.2.4.2 of the Zone A RFI Report (EnSafe, 1998) discusses groundwater sample collection at
CNC.

3.243 Groundwater Sample Preparation, Packaging, and Shipment

Section 3.2.4.3 of the Zone A RFI Report (EnSafe, 1998) discusses groundwater sample preparation,
packaging, and shipment for CNC.
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3.24.4 Groundwater Sample Analysis

Section 3.2.4.4 of the Zone A RFI Report (EnSafe, 1998) discusses groundwater sample analysis for
CNC. Groundwater samples collected from select SWMU 44 wells during the AOC 721 RFI were
analyzed for SVOCs, metals, TOC, total suspended solids (TSS), and TDS. Groundwater redox
conditions were evaluated by analyzing samples for TOC, ORP, Fe”, and Fe**. ORP values were
measured in the field during well purge using a Horiba U-22 with a flow through cell. Analysis for Fe **
was performed using HACH test Method 8146 and a spectrophotometer. Analysis for Fe ¥ was performed

using HACH test Method 8147 and a spectrophotometer.

3.2.5 Sediment Sampling

Section 4 of the CSAP describes RFI sediment sampling procedures and activities.

3.2.51 Sediment Sample Locations

Sediment samples were collected in April 2003 from locations proposed in the AOC 721 RFI Work Plan

(EnSafe 2003) and based on the investigation strategy outlined in Section 6 of the work plan.

3.2.5.2 Sediment Sample Collection

Composite sediment samples were collected for laboratory analysis from 0- to 1-ft bgs. The 0- to 1-ft bgs
interval is referred to in this report as the “first”, “upper interval” or “surface”. No other intervals were

collected during the AOC 721 RFI sediment sampling.

Stainless-steel spoons and bowls were used to collect sediment samples. Sediment was collected and

homogenized in accordance with the CSAP.

3.2.5.3 Sediment Sample Preparation, Packaging, and Shipment

Section 3.2.5.3 of the Zone A RFI Report (EnSafe, 1998) discusses sediment sample preparation,
packaging, and shipment for CNC.

3.254 Sediment Sample Analysis

Section 3.2.5.4 of the Zone A RFI Report (EnSafe, 1998) discusses sediment sample analysis for CNC.

3.2.6 Surface Water Sampling

Section 4 of the CSAP describes RFI surface water sampling procedures and activities.
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3.2.6.1 Surface Water Sample Locations

Surface water samples were collected in April 2003 from locations proposed in the AOC 721 RFI Work

Plan (EnSafe, 2003) and based on the investigation strategy outlined in Section 6 of the work plan.

3.2.6.2 Surface Water Sample Collection

Surface water samples were collected by submerging the appropriate sample containers with the open
end pointed upstream. Care was taken not to disturb bottom sediments during the sampling procedure.

Surface water samples were collected in accordance with the CSAP.

3.2.6.3 Surface Water Sample Preparation, Packaging, and Shipment

Section 3.2.5.3 of the Zone C RFI Report (EnSafe, 1997) discusses surface water sample preparation,

packaging, and shipment for CNC.

3.2.6.4 Surface Water Sample Analysis

Section 3.2.5.4 of the Zone C RFI Report (EnSafe, 1997) discusses surface water sample analysis for
CNC.

3.2.7 Vertical and Horizontal Surveying

Section 3.2.8 of the Zone A RFI Report (EnSafe, 1998) discusses vertical and horizontal surveying for
CNC.

Prior to the submittal of the AOC 721 Work Plan, a topographic contour map was made of the land
surface associated with AOC 721 and SWMU 44 north of the coal unloading trestle, to identify potential
migration pathways and subsequent sample locations. Ground elevation data and corresponding
locational data were collected and contoured by a registered land surveyor. Data were collected on
25 foot centers, and at the top and toe of major elevation changes such as the drainage ditch along the
northern edge of AOC 721. Data were electronically contoured using 0.5-ft contour intervals. Figure 4-1
in the AOC 721 Work Plan depicts AOC 721 site topography.

A topographic divide extends northeast from monitoring well 044003 through monitoring well 044006

across the site area, as shown on Figure 3-1. This divide breaks the site area into two major surface

water runoff directions. The first direction is towards the northwest, which is toward AOC 721 and the
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drainage ditch. The second runoff direction is towards the southeast and the water-filled depression

created by the 1996 coal removal ISM.

Mean high water (MHW) for the base is 3.5 ft msl. The MHW line is depicted on Figure 4-1 of the

AOC 721 Work Plan; however, extremely high tides occasionally exceed the MHW elevation.

3.2.8 Decontamination Procedures

Section 3.2.10 of the Zone A RFI Report (EnSafe, 1998) discusses prevention of cross-contamination and

decontamination procedures for sampling and non-sampling equipment at CNC.
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4.0 NATURE AND EXTENT

This section presents the results of the sampling and analysis of environmental samples collected at
AOC 721 based on sampling activities during the RFI investigation and previously collected SWMU 44
samples within the footprint of AOC 721. Sampling was conducted at AOC 721 to identify human health
concerns and potential releases from the site into Noisette Creek. Soil, groundwater, sediment, and
surface water data are discussed separately below. Because the drainage ditch sampled at AOC 721
discharges to Noisette Creek, a discussion of the Noisette Creek sampling results from the Zone J RFl is

also included.

41 INORGANIC BACKGROUND EVALUATION

Analytical data for inorganics are often difficult to evaluate, because inorganics are ubiquitous and
naturally occurring in environmental media. Compounding this difficulty is the fact that much of the soil at
AOC 721 is dredge-fill material that has been artificially placed onsite. The following describes the step-
by-step procedures used to determine background values for inorganics in soil, sediment, and

groundwater at AOC 721, and the approach for comparing background data to site data.

Many chemicals, particularly carcinogenic inorganics such as arsenic, are typically detected at
concentrations that are much higher than the corresponding risk-based screening levels. It is usually
necessary to supplement site-specific sampling efforts with an attempt to determine the non-site-related
concentrations of these chemicals. The problem is how to determine these reference (or background)
concentrations, and how much higher than background a specific chemical concentration must be before

it is of concern.

Background data sets for soil (Table 4-1) and groundwater (Table 4-2) were established by evaluating soil
and shallow groundwater sample locations from the Railroad Lines and Zone C background data sets.
The maximum of the Railroad Lines and Zone C background values were selected for the AOC 721
background data sets. The sediment background data set (Table 4-3) was comprised of sediment
samples collected in December 2005 from 10 locations in Charleston Harbor that had been pre-approved
by the BCT, and was the same background data set used in the evaluation of Zone J sediment (Tetra
Tech, 2011). Maximum concentrations of analytes detected in the background data sets were used in the

screening of AOC 721 data in the remainder of this section.
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4.2 NATURE AND EXTENT OF CONTAMINATION IN SOIL

This section describes the results of screening analyte detections in soil against the USEPA Regional
Screening Levels (RSLs) and AOC 721 background concentrations. A target hazard quotient of 0.1 was
used for the screening of non-carcinogenic constituents. Soil sampling was performed to complete
delineation of inorganic and SVOC exceedances recorded during the Zone C RFI. Analytical results for
any parameter detected at least once in the surface soil samples are presented in Table 4-4. Descriptive
statistics [e.g., frequency of detection, concentration range detected, and location(s) of maximum positive
detection] are summarized in Table 4-5. The locations of positive detections exceeding both screening

criteria and background are depicted in Figure 4-1.

Soil samples collected for the AOC 721 RFI were analyzed for metals only. Arsenic, cobalt, iron, and
thallium were detected at concentrations above both the AOC 721 background concentrations and
screening criteria. Arsenic concentrations were greater than the background concentration in only one of
the nine soil samples. The maximum concentration of arsenic only slightly exceeds the background
value. Only one sample was available for cobalt and iron, and thallium was detected in only one of seven
samples. The two sample locations with concentrations of one or more analytes exceeding both
screening criteria and background are located within or near the location of the 1957 coal pile delineation
(Figure 1-4).

4.3 NATURE AND EXTENT OF CONTAMINATION IN GROUNDWATER

This section describes the results of screening analyte detections in groundwater against USEPA RSLs
and AOC 721 background concentrations. Groundwater samples were collected to characterize potential
groundwater contamination from the storage and burning of coal. Samples for laboratory analysis were
collected from existing monitoring wells 044005, 044006, and 044007. Analytical results for any
parameter detected at least once in the groundwater samples are presented in Table 4-6. Descriptive
statistics (e.g., frequency of detection, concentration range detected, and location[s] of maximum positive

detection) are summarized in Table 4-7.

Groundwater samples collected for the AOC 721 RFI were analyzed for polynuclear aromatic
hydrocarbons (PAHs), but not for other SVOCs, based on groundwater data from sampling events at
SWMU 44 from 1995 to 1999. There were no PAH detections in groundwater during the AOC 721 RFlI
investigation. The SVOC bis(2-ethylhexyl) phthalate was detected in two samples collected from
monitoring well 044006 between 1995 and 1997. Both of the detections exceeded screening criteria.
Pesticide compounds were analyzed in groundwater samples collected as a part of the 1995 to 1999
investigation of SWMU 44 groundwater. Heptachlor was detected in only one groundwater sample from

monitoring well 044007 during this period. Figure 4-2 presents organics in groundwater detected at
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concentrations exceeding screening criteria. No background values were available for the organics

detected in groundwater.

Several metals were detected in AOC 721 RFI groundwater samples and in previous SWMU 44
groundwater samples. Figure 4-3 presents inorganics in groundwater detected at concentrations
exceeding both background and screening criteria. Analysis of Total Analyte List (TAL) metals was
conducted in previous sampling events at SWMU 44 except during the sixth sampling event (January
1999) in monitoring well 044007, where the sample was analyzed for antimony, arsenic, beryllium,
chromium, lead, thallium and mercury. Aluminum, antimony, arsenic, chromium, cobalt, iron, manganese,
thallium, and vanadium were detected at concentrations above background levels and screening criteria.
For the 2003 to 2008 sampling period, aluminum, antimony, chromium, cobalt, and thallium were not
detected in any wells. Arsenic was detected above background concentrations and screening levels in all
wells sampled during the 2003 to 2008 sampling events. Iron was detected above screening levels in all
wells sampled during the 2003 to 2008 sampling events, but iron concentrations exceeded background in
only 4 of the 9 samples collected during these events. Manganese was detected above screening levels
but below background concentrations in all wells sampled during the 2003 to 2008 sampling events.
Detected vanadium concentrations for the 2003 to 2008 sampling events were less than background

concentrations and screening levels.

4.4 NATURE AND EXTENT OF CONTAMINATION IN SEDIMENT

This section describes the results of screening analyte detections in sediment against USEPA RSLs and
AOC 721 sediment background concentrations. Sediment samples were collected to characterize and
delineate contamination in the drainage ditch along the western boundary of the site and in portions of
wetlands on the site that met the criteria of critical habitat as defined by the National Oceanic and
Atmospheric Administration (NOAA) Office of Ocean Coastal Resource Management (OCRM). Sail
samples previously collected within the identified critical habitat area were included in the sediment
evaluation. Although most of these samples (with the exception of the samples collected within the
drainage ditch) have properties that would allow them to be evaluated as either soil or sediment, a
determination was made to evaluate all samples northwest of the critical habitat delineation line as
sediment. Analytical results for any parameter detected at least once in the sediment samples are
presented in Table 4-8. Descriptive statistics [e.g., frequency of detection, concentration range detected,
and location(s)] of maximum positive detections are summarized in Table 4-9. The locations of positive
organic and inorganic detections that exceed both background and screening criteria are depicted in

Figure 4-4 and Figure 4-5, respectively.

Sediment samples were analyzed for volatile organic compounds (VOCs), PAHs, and inorganics.

Previous sediment samples associated with the SWMU 44 investigation were analyzed for TOC.
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Benzo(a)anthracene (a PAH compound), aluminum, arsenic, cobalt, iron, manganese, thallium, and
vanadium were detected at concentrations above background and RSLs. Benzo(a)anthracene
concentrations in sediment samples exceeded the background concentration in 7 of 16 samples. One
sample from C044SB025 had an aluminum concentration in sediment that exceeded the background
concentration. Arsenic concentrations in sediment samples exceeded the background concentration in
19 of 34 samples. Cobalt concentrations in sediment samples exceeded the background concentration in
5 of 25 samples. Iron in sediment samples exceeded the background concentration in one sample taken
in 1995 from a drainage ditch. Manganese concentrations in sediment samples exceeded the
background concentration in 2 of 10 samples. Thallium, which was detected in 3 of 32 sediment
samples, was not detected in background samples. Thallium exceeded the RSL in all 3 sediment
samples with detected thallium concentrations. Vanadium concentrations in sediment samples exceeded

the background concentration in 2 of 10 samples.

Although sediment concentrations were conservatively screened against criteria based on RSLs for
residential soil, sediment exposures are expected to be less frequent and less intense for potential human
receptors than residential exposures to soil. Therefore, it is likely that sediment exposures incurred by
receptors would be approximately one order of magnitude less intensive/frequent than exposures
incurred under a residential land use scenario. As shown in Table 4-9, only concentrations of arsenic,
cobalt, iron, and thallium exceed both background and screening criteria based on RSLs for residential

soil that have been increased by an order of magnitude (i.e., multiplied by 10).

4.5 NATURE AND EXTENT OF CONTAMINATION IN SURFACE WATER

This section describes the results of screening analyte detections in surface water against USEPA
Region 4 saltwater surface water chronic ecological screening values. Sample 721WP00101 was
collected at mid-tide from the small pond that adjoins the AOC 721 drainage ditch on April 21, 2003. Two
samples [one at high tide on 04/21/03 at 1:45 p.m. (721WD00102) and a second at low tide on April 22,
2003 at 8:05 a.m. (721WD00101)] were also collected from the ditch at location 721WDO001. Analytical
results for any parameter detected at least once in the surface water samples are presented in
Table 4-10. Descriptive statistics (e.g., frequency of detection, concentration range detected, and

arithmetic mean of positive detections are summarized in Table 4-11.

Surface water samples were analyzed for organic and inorganic compounds. There were no organic
compounds detected in surface water. Eight inorganics were detected in surface water. Arsenic
concentrations were less than their respective Saltwater Surface Water (SSW) screening values, and
SSW screening values were not available for the other seven inorganics detected in surface water
(Table 4-11).
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4.6 NOISETTE CREEK SAMPLING RESULTS - ZONE J RFI

Because the drainage ditch in AOC 721 discharges into Noisette Creek, this section discusses results of
the Noisette Creek sampling presented in the Zone J RFI Report (Tetra Tech, 2011) which is currently
under review by SCDHEC. Three sediment samples were collected in April 2008 from Noisette Creek as
part of the Zone J RFI. Section 4 of the Zone J RFI report discusses chemicals detected in sediment
collected during April 2008 and also compares the 2008 data to historical sediment data collected from
one of the same locations. A summary of the 2008 sediment data from the Zone J RFI is presented

below.

SVOCs detected in sediment at concentrations greater than USEPA Region 4 Ecological Screening
Values and background concentrations consisted of PAHs and bis(2-ethylhexyl) phthalate. Sediment
concentrations of SVOCs were generally less in 2008 than in 1997 and 2005. Copper concentrations
exceeded background concentrations and USEPA Region 4 Ecological Screening Values in sediment
samples collected from Noisette Creek. Mercury and zinc concentrations exceeded their Region 4
Ecological Screening Values in the duplicate sample obtained from one Noisette Creek sample but not in
the original sample. The pesticide 4,4’-DDD was detected in two Noisette Creek samples, while 4,4’-DDE
was detected in one sample. Detected concentrations of these pesticides slightly exceeded USEPA
Region 4 Ecological Screening Values. No other pesticides or PCBs were detected in samples collected

from Noisette Creek.

091005/P 4-5 CTO JM62



TABLE 4-1

SELECTED BACKGROUND FOR SURFACE SOIL

CHARLESTON NAVAL COMPLEX

AOC 721

NORTH CHARLESTON, SOUTH CAROLINA

Railroad Lines Zone C
Maximum Maximum

Parameter Concentration Concentration Maximum Unit
ALUMINUM NA 9850 9850 mg/kg
ANTIMONY NA 1.4 1.4 mg/kg
ARSENIC 92 39 92 mg/kg
BARIUM NA 193 193 mg/kg
BERYLLIUM NA 0.26 0.26 mg/kg
CADMIUM NA 0.65 0.65 mg/kg
CALCIUM NA 85600 85600 mg/kg
CHROMIUM, TOTAL NA 32 32 mg/kg
COBALT NA 2.9 2.9 mg/kg
COPPER 109 40 109 mg/kg
IRON NA 12000 12000 mg/kg
LEAD NA 588 588 mg/kg
MAGNESIUM NA 2390 2390 mg/kg
MANGANESE NA 101 101 mg/kg
MERCURY NA 0.75 0.75 mg/kg
NICKEL NA 28 28 mg/kg
POTASSIUM NA 836 836 mg/kg
SELENIUM NA 1.3 1.3 mg/kg
SILVER NA 0.06 0.06 mg/kg
SODIUM NA 729 729 mg/kg
THALLIUM NA ND ND mg/kg
TIN NA 8.1 8.1 mg/kg
VANADIUM NA 25 25 mg/kg
ZINC NA 779 779 mg/kg

Source: Surface soil background samples from the Technical Memorandum: Summary of

Inorganic Chemical Concentrations in Background Soil and Groundwater, Charleston Naval

Complex

mg/kg - Milligrams per kilogram

NA - Not available
ND - Not detected




TABLE 4-2

SELECTED BACKGROUND FOR GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Zone C
Maximum

Parameter Concentration Unit
ALUMINUM 620 pg/l
ANTIMONY ND pg/l
ARSENIC 6 pg/l
BARIUM 16 pg/l
BERYLLIUM 0.36 pg/l
CADMIUM ND pg/l
CALCIUM 152000 pg/l
CHROMIUM, TOTAL 2 pg/l
COBALT 2 pg/l
COPPER ND pg/l
CYANIDE NA pg/l
IRON 4660 pg/l
LEAD 4 pg/l
MAGNESIUM 9250 pg/l
MANGANESE 789 pg/l
MERCURY ND pg/l
NICKEL 5 pg/l
POTASSIUM 6400 ug/l
SELENIUM ND pg/l
SILVER ND ug/l
SODIUM NA pg/l
THALLIUM ND ug/l
TIN ND pg/l
VANADIUM 2 ug/l
ZINC 15 pg/l

Source: Shallow groundwater background samples for Zone C
from the Technical Memorandum: Summary of Inorganic
Chemical Concentrations in Background Soil and Groundwater,
Charleston Naval Complex

Mg/l - Micrograms per liter

ND - Not detected

NA - Not available



TABLE 4-3

BACKGROUND SEDIMENT DATA™"
CHARLESTON NAVAL COMPLEX, NORTH CHARLESTON, SOUTH CAROLINA

Range of

2 x

Chemical® Detected Ave'a?; Average |  R2nge °f(,,, BSLM000101 | BSLM000201 | BSLM000301 | BSLM000401 | BSLM000501 | BSLM000601 | BSLM000701 | BSL 1| BsL 1| BSLM001001
Value' Nondetects'
Values Value

Inorganics (mg/kg)
Aluminum 1600-27000 | 10720.0 | 21440 - 27000 19000 7700 1600 7900 4300 8300 14000 12000 5400
Antimony - 0.4 0.9 0.62-1.6 1.2 ul 16 U 074 (Ul 062 Jul 072 Jul o071 [ul| o069 [u[ 093 Ju[ o092 [u|l o064 [U
Arsenic 0.98-15 6.0 12.0 - 15 11 3.8 098 |J 5.9 24 3.6 9 5.2 3.2
Barium 8.8-30 17.3 34.6 - 30 27 9.7 9.4 11 18 18 25 16 8.8
Beryllium 0.12-15 0.55 1.1 - 15 1 J 0.35 J| 012 [J] o042 [J] 023 |J 036 |J| o067 |J| o051 [J| 033 [J
Cadmium - 0.2 0.4 0.3-0.8 056 |U[ 08 U 036 | U 0.3 U[ 035 Jul[ 03 [u| 034 [u[ o046 [uU[ 045 [U] 031 [uU
Calcium 3000-140000 | 26630.0 | 53260 - 3100 16000 19000 3000 40000 6400 4800 140000 19000 15000
Chromium 4.5-56 21.8 435 - 56 42 16 4.5 17 10 15 21 23 13
Cobalt 0.49-8.4 3.2 6.4 - 74 8.4 1.8 049 |J 2 1.2 J 1.9 3.4 3.9 1.3 J
Copper 1.1-16 75 14.9 - 7.7 16 5.9 1.1 J 4.3 3.2 5.9 15 13 2.4 J
Iron 1800-33000 | 11800.0 | 23600 - 33000 22000 7900 1800 8900 5000 8600 14000 11000 5800
Lead 2.7-21 9.0 18.1 - 14 15 6.7 2.7 4.9 4.3 8.6 21 9.8 3.4
Magnesium 530-7100 3213.0 6426 - 7100 6300 2200 530 2800 1600 2100 3900 3700 1900
Manganese 33-240 108.0 216 - 240 180 74 33 97 41 57 160 140 58
Mercury 0.0053-0.11 0.036 0.072 - 0035 |J| 0059 |[J| 0031 [J] 00053 [J] 0016 [J| 0018 [J| 0.034 0.11 0.045 0.0078 | J
Nickel 1.1-15 6.2 12.42 - 15 12 J 5.2 J 1.1 J 4.8 J 2.4 J 4.6 J 6.9 J 6.9 J 3.2 J
Potassium 240-4200 1523 3046 - 4200 2800 970 240 1200 690 1000 1800 1500 830
Selenium - 0.9 1.8 1.2-33 2.3 Ul 33 U 1.5 U 1.2 U 1.4 U 1.4 U 1.4 U 1.9 U 1.8 U 1.3 U
Sodium 2000-14000 6940 13880 - 10000 14000 5100 2000 6400 4600 5300 9900 7900 4200
Thallium - 1.3 25 1.8-4.7 3.3 ul 47 U 2.1 U 1.8 Ul 21 Ul 21 U 2.0 U 2.7 U 2.7 U 1.9 U
Vanadium 4.2-61 24.4 48.8 - 61 43 17 4.2 18 11 21 32 25 12
Zinc 9.7-64 35.8 715 - 53 64 25 9.7 21 18 40 60 43 24
Pesticides and PCBs (ug/kg)
4,4-DDD - 3.1 6.2 43-11 8.5 U 11 U 5.6 U 4.3 Ul 51 U] 48 1] 5.0 U 6.3 U 6.9 U 4.4 U
4,4-DDE - 3.1 6.2 43-11 8.5 U 11 U 5.6 U 43 Ul 51 u| 48 ] 5.0 U 6.3 U 6.9 u 4.4 U
Dieldrin - 3.6 7.2 5-13 9.9 U 13 U 6.5 U 5.0 Ul 59 Ul 56 U 5.9 U 7.4 U 8.0 U 5.2 U
PCB-1260 - 66.4 132.7 92 - 240 180 |U| 240 |U 120 U 92 Ul 110 |u| 100 [U 110 | U 130 |U[ 150 |U 95 U
Semivolatile Organic Compounds (ug/kg)
2-Methylnaphthalene - 25.0 49.9 35-90 68 u 90 U 44 U 35 U 41 U 39 ] 40 U 51 U 55 U 36 U
Acenaphthene - 19.7 39.4 27-71 54 U 71 U 35 U 27 U 32 U 31 U 32 U 40 U 44 U 28 U
Acenaphthylene 69 22.6 451 24-64 48 u 64 U 31 U 24 U 29 U 27 ] 29 U 36 U 69 J 25 U
Anthracene 88 30.0 60.0 33-86 65 U 86 U 43 U 33 U 39 U 37 U 39 U 48 U 88 J 34 U
BAP Equivalents 28-495.16 84.0 168.1 27 54 54 U 71 U 35 U 27 U 32 U 31 ] 32 U | 190.22 495.16 28 U
Benzo[a]anthracene 230 51.8 103.5 45-120 87 u[ 120 [u 57 U 45 U 53 U 50 U 52 U 65 Ul 230 [J 46 U
Benzola]pyrene 140-380 67.5 135.0 27-71 54 u 71 U 35 U 27 U 32 U 31 ] 32 U 140 J 380 |J 28 U
Benzolb]fluoranthene 170-420 80.2 160.4 37-98 73 U 98 U 48 Y] 37 Y] 44 Y] 42 U 44 U 170 J 420 | 38 U
Benzo[g,h,Jperylene 69-200 457 91.4 33-86 65 ] 86 U 43 U 33 U 39 U 37 ] 39 U 69 J 200 |J 34 U
Benzolk]fluoranthene 140-330 76.6 153.1 52 - 140 100 [u[ 140 [uU 67 U 52 U 61 U 58 U 60 U 140 J 330 |J 53 U
Bis(2-ethylhexyl)phthalate 58-180 83.2 166.4 61-80 140 [J[ 170 [ 70 U 58 J 65 U 61 ] 65 J 80 ul 180 [J 81 J
Chrysene 94-120 73.1 146.2 36-71 71 U 94 J 46 U 36 U 42 U 40 U 42 U 120 J 360 |J 37 U
Dibenz(a,h)anthracene - 255 50.9 35-90 78 u 90 U 44 U 35 U 41 U 39 u 40 U 51 U 55 U 36 U
Fluoranthene 52-380 71.1 142.1 37-73 73 ul 110 [ 48 [v] 37 [v] 52 J 42 1] 44 V] 55 ul 380 [J 38 U
Fluorene - 229 457 32-83 62 u 83 U 41 U 32 U 37 U 36 u 37 U 46 U 50 U 33 U
Indeno[1,2,3-cd]pyrene 61-190 46.3 92.6 37-98 73 U 98 U 48 [v] 37 [v] 44 [v] 42 1] 44 Y] 61 J 190 [ J 38 U
Naphthalene - 19.7 39.4 27-71 54 U 71 U 35 U 27 U 32 U 31 u 32 U 40 U 44 u 28 U
Phenanthrene - 30.2 60.3 42-110 82 ul 110 [u 54 [v] 42 [v] 49 [v] 47 1] 49 V] 61 V] 66 U 43 U
Pyrene 50-510 89.1 178.2 29-56 56 ul 170 [ 37 U 29 U 50 J 32 u 34 U 52 J 510 | J 30 U
Total PAHs (detects only)® - 4385 877 27 - 140 - 374 - - 102 - - 752 3157 -
Total PAHs (ND=% MDL)® - 796.6 1593 27 - 140 581.5 1013 378 294 409.5 330.5 344.5 998.5 3314 302.5

Notes

U: Non Detect; U values shown here are method detection limits (MDLs); see footnote #1.
J: Estimated value; the analyte was positively identified but its concentration was less than the reporting limit (RL) but greater than MDL.
(1) Data are from Table 3-1 of Spectra Tech (2006) except U values shown here are MDLs from Appendix A of the Spectra Tech report; U values in Table 3-1 of Spectra Tech (2006) are RLs.

(2) Chemicals in this table are those detected in Zone J samples collected in April 2008. See Table 3-1 and Appendix A of Spectra Tech (2006) for full background analytical dataset.

(3) Average of all samples calculated using ¥ the sample specific MDL for nondetected samples.
(4) Sample-specific MDLs in nondetect samples.

(5) Total PAHs = the sum of detected concentrations of individual PAH compounds (non-detected compounds ignored).
(6) Total PAHs = the sum of concentrations of individual PAH compounds using ¥z the sample specific MDL to represent nondetected compounds.




TABLE 4-4

SUMMARY OF DETECTIONS - SURFACE SOIL

AOC 721
CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

Sample 044M001701 | 721SB00201 | 721SB00301 | 721SB00401 | 721SB00501 | 721SB02A01 | 721SB03A01 | 721SB04A01 | 721SB05A01
Location C044M0017 C721SB002 C721SB003 C721SB004 | C721SB005 | C721SB02A | C721SB03A | C721SB04A | C721SBO5A
sample_dat 19950419 20030424 20030424 20030424 20030424 20030603 20030603 20030603 20030603
sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
qc_type NM NM NM NM NM NM NM NM NM
sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
matrix SD SO SO SO SO SO SO SO SO
top_depth -9999 0 0 0 0 0 0 0 0
bottom_dep -9999 1 1 1 1 1 1 1 1
depth_unit NA FT FT FT FT FT FT FT FT
submatrix NA SS SS SS SS SS SS SS SS
depth_stat NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
sample_met G G G G G G G G G
composite N N N N N N N N N
Inorganics (mg/kg)

ALUMINUM 4870

ANTIMONY 0.97 J

ARSENIC 69.2 92.7 28.6 75.6 33.8 79.2 44.8 21.2 90.7
BARIUM 64 J

CADMIUM 0.31

CALCIUM 12600 J

CHROMIUM 22.8

COBALT 8.8 J

COPPER 51.3

IRON 37600

LEAD 63.6

MAGNESIUM 1160 J

MANGANESE 85.9

MERCURY 1.6 J 0.17 0.24 0.13 0.13

NICKEL 26.7 J

POTASSIUM 1080 J

SELENIUM 7.3J 24 U 23U 1.9 U 22U

SODIUM 1130 J

THALLIUM 2.7 J 0.32 U 0.67 U 0.61 U 0.30 U 1.2 U 0.47 U

VANADIUM 26.7

ZINC 125 J

Miscellaneous Parameters (mg/kg)

[TOTAL ORGANIC C]

22500




TABLE 4-5

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN- SURFACE SOIL- DIRECT CONTACT

Scenario Timeframe: Current/Future
Medium: Surface Soil

Exposure Medium: Surface Soil

AOC 721

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Sample AOC 721
Minimum Maximum Location of Containing Concentration | Background Rationale For
CAS Frequency of Detected Detected Maximum Maximum Range of Used for Surface Soil USEPA RSL coPC | Contaminant
Number Chemical Detection ") | Concentration "’ | Concentration (") | Concentration | Concentration | Nondetects® | Screening® | Maximum® [ (Residential)®® Flag Deletion ©
Inorganics (mg/kg)
7429-90-5 |ALUMINUM 1/1 4870 4870 C044M0017 044M001701 4870 9850 7700 N No BSL
7440-36-0 |ANTIMONY 11 0.97 J 0.97 J C044M0017 044M001701 0.97 1.4 3.1 N No BSL
7440382 NG - 21.2 92.7 C721SB002 | 721SB00201 92.7 92 0.39 C Yes ASL
7440-39-3 |BARIUM 11 64 J 64 J C044M0017 044M001701 64 193 1500 N No BSL
7440-43-9 |CADMIUM 11 0.31 0.31 C044M0017 044M001701 0.31 0.65 7N No BSL
7440-70-2 |CALCIUM 11 12600 J 12600 J C044M0017 044M001701 12600 85600 NA No EN
7440-47-3 |CHROMIUM 11 22.8 22.8 C044M0017 044M001701 22.8 32 BKG
7440-48-4 OBA 11 8.8 J 8.8 J C044M0017 044M001701 8.8
7440-50-8 |COPPER 11 51.3 51.3 C044M0017 044M001701 51.3
7439-89-6 Llxle 11 37600 37600 C044M0017 044M001701 37600
7439-92-1 |LEAD 11 63.6 63.6 C044M0017 044M001701 63.6 588 400 No BSL
7439-95-4 |MAGNESIUM 11 1160 J 1160 J C044M0017 044M001701 1160 2390 NA No EN
7439-96-5 |MANGANESE 11 85.9 85.9 C044M0017 044M001701 85.9 101 180 N No BSL
7439-97-6 |MERCURY 5/5 0.13 1.6 J C044M0017 044M001701 1.6
7440-02-0 |NICKEL 11 26.7 J 26.7 J C044M0017 044M001701 26.7
7440-09-7 |POTASSIUM 1/1 1080 J 1080 J C044M0017 044M001701 1080
7782-49-2 |SELENIUM 1/5 7.3 J 7.3 J C044M0017 044M001701 1.9-24 7.3
7440-23-5 |SODIUM 11 1130 J 1130 J C044M0017 044M001701 1130
7440280 QI 27 J 2.7 J_| co44m0017 | 044M001701 03-1.2 27
7440-62-2 |VANADIUM 11 26.7 26.7 C044M0017 044M001701 26.7
7440-66-6 |ZINC 11 125 J 125 J C044M0017 044M001701 125
Miscellaneous Parameters (mg/kg)
[-- [TOTAL ORGANIC CARBON] 1/1 [ 22500 [ 22500 | co44m0017 | 044M001701 [ 22500 | NA NA No NTX |
Footnotes: Definitions:

1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations detected and as one sample when
determining the frequency of detection and average results.

2 - Values presented are sample-specific quantitation limits.

3 - The maximum detected concentration is used for screening purposes.

4 - To determine whether chemical concentrations were within background levels, a comparison of maximum concentrations was conducted. The maximum background
is shaded if the site maximum exceeds the background maximum.

5 - USEPA Regional Screening Level. The noncarcinogenic values (denoted with a "N" flag) are the screening level divided
by 10 to correspond to a target hazard quotient of 0.1. Carcinogenic values represent an incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag)
(USEPA, May 2012).
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is greater than the background maximum
concentration.

7 - Value for hexavalent chromium.

8 - Value for mercuric chloride and other mercury salts.
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria. Shaded chemical name indicates that the chemical
was retained as a COPC.
Bolded maximum concentrations indicate that the maximum concentration exceeds one or more screening criteria or background (if available).

COPC= Chemical of Potential Concern
C = Carcinogenic
N = Noncarcinogenic

Rationale Codes:

For selection as a COPC:
ASL = Above Screening Level and site background

For elimination as a COPC:
BKG= Below site background concentration
BSL = Below COPC screening Level
NTX = No toxicity criteria

EN = Essential Nutrient



TABLE 4-6

SUMMARY OF DETECTIONS - GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 9
Location C044GW005 C044GW005 C044GW005 C044GW005 C044GW005 C044GW005
Sample_dat 19950613 19960117 19960509 19960610 19970801 19990721
Sample_tim 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
Sent_to_la 99990101 99990101 99990101 99990101 99990101 99990101
Field_poc UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN
Sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
QC_type NM NM NM NM NM NM
Sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix GW GW GW GW GW GW
Duplicate
Semivolatile Organics (ug/L)
ACETOPHENONE
BENZOIC ACID 50 U 7 J 50 U 50 U
BIS(2-ETHYLHEXYL)PHTHALATE 10 ] 10 U 25 U 10 U
DI-N-BUTYL PHTHALATE 10 U 1 J 10 U 10 U
DIETHYL PHTHALATE 10 ] 1 J 10 U 10 U
Pesticides/PCBs (ug/L)
[HEPTACHLOR 0.04 ] 0.04 U 0.04 U
Inorganics (ug/L)
ALUMINUM 481 J 18 ] 38.2 U 110 U 8 U
ANTIMONY 1.9 U 2.1 U 3.7 U 2.1 U 1.6 U 5 U
ARSENIC 32 U 3.8 J 25 UJ 7.1 J 3.3 J 33 U
BARIUM 45.6 J 32.1 J 22.4 U 24.2 U 39.6 31.3
BERYLLIUM 0.41 U 0.66 J 0.54 U 0.75 J 0.91 J 049 U
CALCIUM 359000 J 280000 J 202000 211000 J 322000 277000
CHROMIUM 26 J 3.1 J 1.8 U 2.9 U 2.3 J 1.7  J
COBALT 060 U 0.95 J 5.2 U 5.2 U 0.96 U 1.7 U
COPPER 32 J 0.60 UJ 0.60 UJ 2.2 U 1.4 U 1 U
IRON 2660 2380 1380 1380 2800 1390
LEAD 22 J 1.7 U 1.7 U 1.7 U 0.90 U 21 U
MAGNESIUM 653000 523000 489000 658000 J 636000 477000 J
MANGANESE 1040 986 454 221 J 692 522 J
MERCURY 020 U 0.14 J 0.10 U 0.10 U 010 WJ 0.10 UJ
NICKEL 32 J 1.1 J 0.80 U 19 W 0.96 J 13 U
POTASSIUM 282000 J 226000 J 143000 225000 172000 194000 J
SELENIUM 44 U 28 UJ 2.8 U 2.8 U 3.4 U 29 U
SILVER 0.50 U 1.2 U 1.2 U 1.2 uJ 1 U 2 U
SODIUM 4640000 5430000 4580000 6590000 5180000 5030000
THALLIUM 4.5 U 2.7 UJ 2.7 uJ 3.8 J 5 U 2.3 U
TIN 59 U 2.6 U 2.6 U 6.4 UJ 14 ] 295 U
VANADIUM 2.1 U 2.7 J 2.3 U 2.4 uJ 3.3 J 1.8 J
ZINC 18.1 J 53 UJ 6.9 U 5.3 U 5.8 ] 29 U
Miscellaneous Parameters (ug/L)
CHLORIDE 8190000 10700000 11500000
SULFATE 381000 232000 14400 U
TOTAL DISSOLVED SOLIDS 17900000 19700000 20500000
TOTAL ORGANIC CARBON




TABLE 4-6

SUMMARY OF DETECTIONS - GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 9
Location C044GW005 C044GW005 C044GW005 C044GW005 C044GW005 C044GW005
Sample_dat 19990721 19990721 20030422 20030505 20030521 20030605
Sample_tim 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
Sent_to_la 99990101 99990101 99990101 99990101 99990101 99990101
Field _poc UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN
Sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
QC_type NM NM NM NM NM NM
Sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix GW GW GW GW GW GW
Duplicate
Semivolatile Organics (ug/L)
ACETOPHENONE
BENZOIC ACID
BIS(2-ETHYLHEXYL)PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHTHALATE
Pesticides/PCBs (ug/L)
[HEPTACHLOR
Inorganics (ug/L)
ALUMINUM
ANTIMONY 5 U 5 U 3.4 5 U 14.4 U
ARSENIC 3.3 ] 3.3 ] 2.5 2.5 U 2.1 J 28 J
BARIUM 30.3 31
BERYLLIUM 0.47 U 0.46 U 0.54
CALCIUM 270000 275000
CHROMIUM 1.3 U 1.7 J
COBALT 1.7 U 1.7 U 1.1
COPPER 1 U 1 U
IRON 28 J 24.2 U 725 128 J 55.6 U 55.6 U
LEAD 2.1 ] 2.1 ]
MAGNESIUM 464000 J 473000 J
MANGANESE 476 J 487 J
MERCURY 0.10  WJ 0.10 uJ 0.10
NICKEL 13 U 13 U
POTASSIUM 188000 J 194000 J
SELENIUM 2.9 U 2.9 U 2.3
SILVER 2 U 2 U
SODIUM 4830000 4920000
THALLIUM 2.3 U 2.3 U 3.2
TIN 29.5 U 29.5 U
VANADIUM 1.7 J 1.6 J 0.97 1.1 J 1 U
ZINC 2.9 U 2.9 U 5
Miscellaneous Parameters (ug/L)
CHLORIDE
SULFATE
TOTAL DISSOLVED SOLIDS 12600000 14000000 13800000 15100000
TOTAL ORGANIC CARBON 28300 31100 31700 41000




TABLE 4-6

SUMMARY OF DETECTIONS - GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 3 OF 9
Location C044GW005 C044GW006 C044GW006 C044GW006 C044GW006 C044GW006
Sample_dat 20080429 19950425 19950425 19950501 19960117 19960508
Sample_tim 11:01:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
Sent_to_la 20080429 99990101 99990101 99990101 99990101 99990101
Field _poc WHITTEN,M UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN
Sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
QC_type NM NM NM NM NM NM
Sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix GW GW GW GW GW GW
Duplicate
Semivolatile Organics (ug/L)
ACETOPHENONE 1 J
BENZOIC ACID 95 U 2 J 50 U
BIS(2-ETHYLHEXYL)PHTHALATE 8 J 1 J 10 U
DI-N-BUTYL PHTHALATE 15 U 10 U 10 U
DIETHYL PHTHALATE 15 ] 10 U 10 U
Pesticides/PCBs (ug/L)
[HEPTACHLOR 0.03 ] 0.04 U 0.04 U
Inorganics (ug/L)
ALUMINUM 258 ] 119 J 18 U 23 U
ANTIMONY 7.5 U 1.9 U 2.1 U 4 U
ARSENIC 8.5 U 3.2 ] 6.3 J 25 UJ
BARIUM 52.5 56 J 23.2 19.1 U
BERYLLIUM 0.12 U 0.20 U 0.45 J 0.30 U
CALCIUM 542000 327000 446000 J 401000
CHROMIUM 9.7 U 34 J 1.6 J 0.80 U
COBALT 2.3 U 0.96 J 5.1 5.2 U
COPPER 4 U 4 U 0.60 UJ 1.2 U
IRON 400 851 5240 1110
LEAD 7 U 2.4 J 1.7 U 1.7 U
MAGNESIUM 498000 245000 128000 76700
MANGANESE 1010 1990 2580 546
MERCURY 0.02 U 0.20 U 0.10 U 0.10 U
NICKEL 5.7 U 2.6 J 10.5 J 5.7 U
POTASSIUM 149000 148000 35500 29500
SELENIUM 11 U 4.4 U 2.8 UJ 2.8 U
SILVER 2.7 U 0.50 U 1.2 U 2.7 U
SODIUM 4140000 1690000 643000 354000
THALLIUM 10 U 4.5 UJ 2.7 U 2.7 UJ
TIN 59 UJ 2.6 U 3.1 J
VANADIUM 3.4 U 9.9 J 0.50 U 3.9 U
ZINC 10.9 U 19.9 J 5.3 U 6.9 U
Miscellaneous Parameters (ug/L)
CHLORIDE 3530000 663000 362000
SULFATE 1010000 1640000 1370000
TOTAL DISSOLVED SOLIDS 8860000 4340000 3050000
TOTAL ORGANIC CARBON




TABLE 4-6

SUMMARY OF DETECTIONS - GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 4 OF 9
Location C044GW006 C044GW006 C044GW006 C044GW006 C044GW006 C044GW006
Sample_dat 19960611 19970730 19990722 19990722 19990722 20030422
Sample_tim 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
Sent_to_la 99990101 99990101 99990101 99990101 99990101 99990101
Field_poc UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN
Sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
QC_type NM NM NM NM NM NM
Sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix GW GW GW GW GW GW
Duplicate
Semivolatile Organics (ug/L)
ACETOPHENONE
BENZOIC ACID 50 U 50 ]
BIS(2-ETHYLHEXYL)PHTHALATE 10 ] 10 ]
DI-N-BUTYL PHTHALATE 10 U 10 U
DIETHYL PHTHALATE 10 ] 10 ]
Pesticides/PCBs (ug/L)
[HEPTACHLOR 0.04 ]
Inorganics (ug/L)
ALUMINUM 156 ] 8 UJ
ANTIMONY 3.3 U 2.6 J 5 U 5 U 5 U 3.4
ARSENIC 6.9 J 4.2 J 3.3 U 3.3 U 3.3 U 2.5
BARIUM 354  UJ 40.4 38.4 36 33.5
BERYLLIUM 0.44 J 1.3 U 0.30 U 0.30 U 0.30 U 0.30
CALCIUM 267000 J 448000 391000 400000 404000
CHROMIUM 0.86 U 1.7 U 0.50 UJ 0.50 UJ 0.50 UJ
COBALT 5.2 U 3.8 UJ 1.7 U 1.7 U 1.7 U 2.5
COPPER 5.4 U 1.4 U 2 U 1.5 U 1 U
IRON 518 U 4630 2890 1690 1160 4620
LEAD 1.7 U 090 UJ 2.1 U 2.1 U 2.1 U
MAGNESIUM 347000 J 152000 129000 J 128000 J 123000 J
MANGANESE 1120 J 1770 1060 J 1110 J 1150 J
MERCURY 0.10 U 010  WJ 010  WJ 010  WJ 010  WJ 0.10
NICKEL 53 UJ 7.7 J 13 U 13 U 13 ]
POTASSIUM 114000 60700 48800 J 47500 J 41800 J
SELENIUM 2.8 U 3.4 U 2.9 U 2.9 U 2.9 ] 2.3
SILVER 1.2 UJ 1 J 2 U 2 U 2 U
SODIUM 3110000 939000 1100000 1070000 998000
THALLIUM 2.7 UJ 6 J 2.3 U 2.8 U 2.3 U 3.2
TIN 26 UJ 14 U 29.5 U 29.5 U 29.5 ]
VANADIUM 26 J 1.9 J 1.2 J 1.1 J 1 J 0.94
ZINC 53 UJ 5.8 U 5 U 2.9 U 3.7 ] 5
Miscellaneous Parameters (ug/L)
CHLORIDE 5280000
SULFATE 380000
TOTAL DISSOLVED SOLIDS 10500000 7830000
TOTAL ORGANIC CARBON 11800




TABLE 4-6

SUMMARY OF DETECTIONS - GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 5 OF 9
Location C044GW006 C044GW006 C044GW006 C044GW006 C044GW006 C044GW006
Sample_dat 20030505 20030521 20030605 20030904 20031205 20080429
Sample_tim 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 13:47:00
Sent_to_la 99990101 99990101 99990101 20030904 20031205 20080429
Field_poc UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN WHITTEN,M
Sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
QC_type NM NM NM NM NM NM
Sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix GW GW GW GW GW GW
Duplicate
Semivolatile Organics (ug/L)
ACETOPHENONE
BENZOIC ACID
BIS(2-ETHYLHEXYL)PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHTHALATE
Pesticides/PCBs (ug/L)
[HEPTACHLOR
Inorganics (ug/L)
ALUMINUM 58.8 U
ANTIMONY 4.2 U 12.4 U 2.7 U
ARSENIC 2.5 U 2.1 J 2.2 J 2.5 U 3.7 J 4
BARIUM 78.8
BERYLLIUM 0.12 U
CALCIUM 628000
CHROMIUM 2.8 U
COBALT 5.3
COPPER 8.9
IRON 3520 2900 1430 1090 5400 5880
LEAD 4.4 U
MAGNESIUM 270000
MANGANESE 4110
MERCURY 0.02 U
NICKEL 16.5 U
POTASSIUM 71100
SELENIUM 2.2 U
SILVER 0.54 U
SODIUM 2280000
THALLIUM 2 U
TIN
VANADIUM 1.3 J 1 U 0.52 U
ZINC 9.6 U
Miscellaneous Parameters (ug/L)
CHLORIDE
SULFATE
TOTAL DISSOLVED SOLIDS 7330000 7690000 7560000 8170000 15000000
TOTAL ORGANIC CARBON 14600 17500 11000 17500 14000




TABLE 4-6

SUMMARY OF DETECTIONS - GROUNDWATER

AOC 721

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 6 OF 9
Location C044GW007 C044GW007 C044GW007 C044GW007 C044GW007 C044GW007
Sample_dat 19950614 19960118 19960510 19960611 19970801 19990107
Sample_tim 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
Sent_to_la 99990101 99990101 99990101 99990101 99990101 99990101
Field_poc UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN
Sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
QC_type NM NM NM NM NM NM
Sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix GW GW GW GW GW GW
Duplicate
Semivolatile Organics (ug/L)
ACETOPHENONE
BENZOIC ACID 53 U 50 U 50 U 50 U
BIS(2-ETHYLHEXYL)PHTHALATE 11 U 10 U 10 U 11 U
DI-N-BUTYL PHTHALATE 11 U 10 U 10 U 10 U
DIETHYL PHTHALATE 11 U 10 U 10 U 10 U
Pesticides/PCBs (ug/L)
[HEPTACHLOR 0.079 0.04 U 0.04 U
Inorganics (ug/L)
ALUMINUM 2110 J 350 31.5 U 25.1 U 28.3 J
ANTIMONY 1.9 U 54.1 10.3 J 8.2 U 35.3 J
ARSENIC 12.3 109 30.1 62.8 23.2
BARIUM 22.6 J 22.2 8.5 U 9.4 U 45.9
BERYLLIUM 0.24 U 0.30 U 0.30 U 0.30 U 0.25 J
CALCIUM 85000 J 85500 J 81400 84800 J 154000
CHROMIUM 4.5 J 1.1 J 2.2 U 0.87 U 1 U
COBALT 0.60 U 0.90 U 0.90 U 5.2 U 0.80 U
COPPER 8.8 J 4.9 J 3 U 0.60 U 2.6 J
IRON 8710 2350 1550 4440 567
LEAD 4.9 J 1.7 U 1.7 U 1.7 U 0.90 U
MAGNESIUM 86500 67200 74500 87700 J 18700
MANGANESE 418 354 293 362 J 173
MERCURY 0.20 U 0.10 U 0.10 U 0.10 U 0.10  UJ
NICKEL 4.9 J 1.4 J 3.6 U 0.80 UJ 0.97 J
POTASSIUM 87400 J 48800 38800 56200 11800
SELENIUM 4.4 U 28 UJ 28 UJ 2.8 U 4.3 J
SILVER 0.50 U 1.2 U 2.3 1.2 uJ 1 U
SODIUM 784000 614000 686000 749000 108000
THALLIUM 4.5 U 4.2 U 3.1 J 2.7 uJ 5 U
TIN 5.9 U 2.6 U 2.6 J 26  UJ 14 U
VANADIUM 6.9 J 14.6 9.6 U 7.4 uJ 2.1 J
ZINC 24.7 J 5.3 U 13 5.3 U 58 U
Miscellaneous Parameters (ug/L)
CHLORIDE 759000 689000 1010000
SULFATE 20200 25100 15800 U
TOTAL DISSOLVED SOLIDS 2030000 2260000 2660000
TOTAL ORGANIC CARBON




TABLE 4-6

SUMMARY OF DETECTIONS - GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 7 OF 9
Location C044GW007 C044GW007 C044GWO007 C044GW007 C044GW007 C044GW007
Sample_dat 19990107 19990107 19990722 19990722 19990722 20030422
Sample_tim 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
Sent_to_la 99990101 99990101 99990101 99990101 99990101 99990101
Field poc UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN UNKNOWN
Sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
QC_type NM NM NM NM NM NM
Sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix GW GW GW GW GW GW
Duplicate
Semivolatile Organics (ug/L)
ACETOPHENONE
BENZOIC ACID
BIS(2-ETHYLHEXYL)PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHTHALATE
Pesticides/PCBs (ug/L)
[HEPTACHLOR
Inorganics (ug/L)
ALUMINUM
ANTIMONY 2.7 U 34 J 5 U 5 U 5 U 93 U
ARSENIC 43.8 45.9 173 127 118 66.9
BARIUM 98.1 91.1 84.3
BERYLLIUM 0.11 J 0.10 U 0.30 U 030 U 0.30 U 030 U
CALCIUM 139000 138000 138000
CHROMIUM 0.70 U 0.70 U 0.50 UJ 0.50 UJ 050 UJ
COBALT 1.7 U 1.7 U 1.7 U 1.1 U
COPPER 1.5 U 1 U 1.6 U
IRON 3330 2860 2440 1190
LEAD 1.5 U 1.5 U 2.1 U 2.1 U 2.1 U
MAGNESIUM 24100 J 23100 J 22100 J
MANGANESE 278 J 231 J 216 J
MERCURY 0.10 U 0.10 U 010  UJ 0.10  WJ 010 UJ 010 U
NICKEL 13 U 13 U 13 U
POTASSIUM 13100 J 13200 J 13100 J
SELENIUM 2.9 U 29 U 2.9 U 57 J
SILVER 2 U 2 U 2 U
SODIUM 168000 166000 171000
THALLIUM 3.1 U 3.1 U 2.3 U 2.3 U 2.7 U 3.2 U
TIN 29.5 U 295 U 29.5 U
VANADIUM 1 J 090 U 0.94 J 39 J
ZINC 6.5 U 6 U 17.7 U 5 U
Miscellaneous Parameters (ug/L)
CHLORIDE
SULFATE
TOTAL DISSOLVED SOLIDS 699000
TOTAL ORGANIC CARBON 6200




TABLE 4-6

SUMMARY OF DETECTIONS - GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA
PAGE 8 OF 9

Location

C044GW007

C044GwWoo07

C044GW007

C044GW007

C044GW007

Sample_ dat

20030505

20030521

20030605

20030904

20031205

Sample_tim

00:00:00

00:00:00

00:00:00

00:00:00

00:00:00

Sent _to la

99990101

99990101

99990101

20030904

20031205

Field_poc

UNKNOWN

UNKNOWN

UNKNOWN

UNKNOWN

UNKNOWN

Sample_typ

NORMAL

NORMAL

NORMAL

NORMAL

NORMAL

QC_type

NM

NM

NM

NM

NM

Sacode

NORMAL

NORMAL

NORMAL

NORMAL

NORMAL

Matrix

GW

GW

GW

GW

GW

Duplicate

Semivolatile Organics (ug/L)

ACETOPHENONE

BENZOIC ACID

BIS(2-ETHYLHEXYL)PHTHALATE

DI-N-BUTYL PHTHALATE

DIETHYL PHTHALATE

Pesticides/PCBs (ug/L)

[HEPTACHLOR

Inorganics (ug/L)

ALUMINUM

ANTIMONY

9.5

U

12.4 U

ARSENIC

136

53.2

206

78

49

BARIUM

BERYLLIUM

CALCIUM

CHROMIUM

COBALT

COPPER

IRON

4420

1280

6330

2570

1900

LEAD

MAGNESIUM

MANGANESE

MERCURY

NICKEL

POTASSIUM

SELENIUM

SILVER

SODIUM

THALLIUM

TIN

VANADIUM

1.8

4.1 J

ZINC

Miscellaneous Parameters (ug/L)

CHLORIDE

SULFATE

TOTAL DISSOLVED SOLIDS

1150000

940000

1130000

1270000

2600000

TOTAL ORGANIC CARBON

8600

6600

14200

10100

7500
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SUMMARY OF DETECTIONS - GROUNDWATER
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 9 OF 9
Location C044GW007 C044GW007 C044GW007
Sample_dat 20080429 20080429 20080429
Sample_tim 17:05:00 17:05:00 17:05:00
Sent_to_la 20080429 20080429 20080429
Field_poc WHITTEN,M WHITTEN,M WHITTEN,M
Sample_typ NORMAL NORMAL NORMAL
QC_type NM NM FD
Sacode ORIG AVG DUP
Matrix GW GW GW
Duplicate 044G00714
Semivolatile Organics (ug/L)
ACETOPHENONE
BENZOIC ACID
BIS(2-ETHYLHEXYL)PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHTHALATE
Pesticides/PCBs (ug/L)
[HEPTACHLOR
Inorganics (ug/L)
ALUMINUM 60.1 U 56.6 U 53.1 U
ANTIMONY 1.5 U 1.85 U 2.2 U
ARSENIC 126 122 118
BARIUM 86.5 86.05 85.6
BERYLLIUM 0.12 U 0.12 U 0.12 U
CALCIUM 173000 172000 171000
CHROMIUM 1.4 U 1.2 U 1 U
COBALT 0.28 U 0.28 U 0.28 U
COPPER 2.5 2.7 2.9
IRON 14100 13700 13300
LEAD 4 U 4 U 4 U
MAGNESIUM 43100 43100 43100
MANGANESE 1040 1030 1020
MERCURY 0.02 U 0.02 U 0.02 U
NICKEL 2.5 U 1.705 U 0.91 ]
POTASSIUM 20600 20500 20400
SELENIUM 2.2 U 2.2 U 2.2 ]
SILVER 0.54 U 0.54 U 0.54 U
SODIUM 270000 273000 276000
THALLIUM 2 U 2 U 2 U
TIN
VANADIUM 2.9 U 2.55 U 2.2 U
ZINC 7.8 U 8.2 U 8.6 ]
Miscellaneous Parameters (ug/L)
CHLORIDE
SULFATE
TOTAL DISSOLVED SOLIDS
TOTAL ORGANIC CARBON




TABLE 4-7

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN-GROUNDWATER
AOC 721

CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

Sample Rationale for
Location of Containing Concentration AOC 721 Screening Contaminant
Frequency of | Minimum Detected | Maximum Detected Maximum Maximum Range of Used for Background Toxicity COPC Deletion or
CAS Number Chemical Detection'” Concentration (") Concentration " Concentration Concentration Nondetects @ Screening ® Maximum® Value® USEPA McL® Flag Selection"”
Semivolatile Organics (ug/L)
98-86-2 ACETOPHENONE 1/1 1 J 1 J C044GW006 044GW00601a 1 NA 150 N NA No
65-85-0 BENZOIC ACID 2/13 2 J 7 J C044GWO005 044GW00503 50 - 95 7 NA 5800 N NA No
2/13 1 J 8 J C044GW006 | 044GW00601a 10- 25 8 NA 0.071 C 6 Yes
84-74-2 DI-N-BUTYL PHTHALATE 1/13 1 J 1 J C044GWO005 044GW00503 10 - 15 1 NA 67 N NA No
84-66-2 DIETHYL PHTHALATE 1/13 1 J 1 J C044GW005 044GW00503 10 - 15 1 NA 1100 N NA No
Pesticides/PCBs (ug/L)
HEPTACHLOR 1/10 0.079 [ o0.079 C044GW007 044GW00702 [  0.03- 0.04 0.079 NA 0.0018 C
Inorganics (ug/L)
7429-90-5 ALUMINUM 5/18 28.3 J 2110 J C044GW007 044GW00701 8- 258 2110
7440-36-0 ANTIMONY 5/38 2.6 J 54.1 C044GW007 044GW00702 1.5-14.4 54.1 ND
7440-38-2 ARSENIC 29/45 2.1 J 206 C044GW007 044GW00711 25-85 206 6
7440-39-3 BARIUM 21/27 22.2 98.1 C044GW007 044GW00707 8.5- 354 98.1 16
7440-41-7 BERYLLIUM 8/32 0.11 J 0.91 J C044GW005 044GW00505 0.1-1.3 0.91 0.36
7440-70-2 CALCIUM 27127 81400 628000 C044GW006 044G00614 628000 152000
7440-47-3 CHROMIUM 9/29 1.1 J 4.5 J C044GW007 044GW00701 05-9.7 4.5 p
7440-48-4 COBALT 5/30 0.95 J 5.3 C044GW006 044G00614 0.28- 5.2 5.3 2
7440-50-8 6/27 2.5 8.9 C044GW006 044G00614 0.6-5.4 8.9 ND
7439-89-6 IRON 39/43 28 J 14100 C044GW007 044G00714 24.2- 518 14100
7439-92-1 LEAD 3/29 2.2 J 4.9 J C044GW007 044GW00701 09-7 4.9
7439-95-4 MAGNESIUM 27/27 18700 658000 J C044GW005 044GW00504 658000
7439-96-5 ANGA 27/27 173 4110 C044GW006 044G00614 4110
7439-97-6 MERCURY 1/32 0.14 J 0.14 J C044GW005 044GW00502 0.02- 0.2 0.14
7440-02-0 NICKEL 9/27 0.96 J 10.5 J C044GW006 044GW00602 0.8- 16.5 10.5
7440-09-7 POTASSIUM 27/27 11800 282000 J C044GW005 044GW00501 282000
7782-49-2 SELENIUM 2/30 4.3 J 5.7 J C044GW007 044GW00708 22- 11 5.7
7440-22-4 SILVER 2/27 1 J 2.3 C044GW007 044GW00703 05-27 2.3
7440-23-5 SODIUM 27/27 108000 6590000 C044GW005 044GW00504 6590000
7440-28-0 THALLIUM 3/32 3.1 J 6 J C044GW006 044GW00605 2-10 6
7440-31-5 TIN 2/24 2.6 J 3.1 J C044GW006 044GW00603 2.6- 295 3.1
7440-62-2 VANADIUM 21/36 0.94 J 26 J C044GW006 044GW00604 0.5- 9.6 26
7440-66-6 ZINC 4/30 13 24.7 J C044GW007 044GW00701 29-17.7 24.7
Miscellaneous Parameters (ug/L)
16887-00-6 CHLORIDE 10/10 362000 1.2E+07 C044GW005 044GW00504 11500000 NA NA NA No NTX
14808-79-8 SULFATE 8/10 20200 1640000 C044GW006 044GW00602 14400 - 15800 1640000 NA NA NA No NTX
- TOTAL DISSOLVED SOLIDS 26/26 699000 2.1E+07 C044GW005 044GW00504 20500000 NA NA NA No NTX
-- TOTAL ORGANIC CARBON 16/16 6200 41000 C044GW005 044GW00510 41000 NA NA NA No NTX
Footnotes: Definitions:

1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations detected and as one sample when determining the

frequency of detection and average results. COPC= Chemical of Potential Concern
2 - Values presented are sample-specific quantitation limits.
3 - The maximum detected concentration is used for screening purposes.

4 - To determine whether chemical concentrations were within background levels, a comparison of maximum concentrations was conducted. The maximum background is shaded if the site maximum exceeds the background
maximum.

C = Carcinogenic
MCL = Maximum Contaminant Level

N = Noncarcinogenic

5 - USEPA Regional Screening Level. The noncarcinogenic values (denoted with a "N" flag) are the screening level divided by 10 to correspond to a target hazard quotient of 0.1. Carcinogenic values represent an Rationale Codes:
incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag) (USEPA, May 2012).

6 - 2012 Edition of the Drinking Water Standards and Health Advisories (USEPA, April 2012).

7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is greater than the background maximum concentration.
8 - Secondary MCL.

9 - The value is for hexavalent chromium.

10 - The value is for mercuric chloride (and other mercury salts).

Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria. Shaded chemical name indicates that the chemical was retained as a COPC.
Bolded maximum concentrations indicate that the maximum concentration exceeds one or more screening criteria or background (if available).

For selection as a COPC:
ASL = Above Screening Level and site £
For elimination as a COPC:
BKG= Below site background concentration
BSL = Below COPC screening Level
NTX = No toxicity criteria
EN = Essential Nutrient



TABLE 4-8

SUMMARY OF DETECTION - SEDIMENT
CHARLESTON NAVAL COMPLEX
MORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 3
Sample 044M001501 044M001601 044M001901 044SB00501 044SB00701 044SB02501 044SB02601 044SB02701 044SB02702 044SB02703 044SB06601 044SB07601 044SBC0101 044SBC0102 044SS00501 721MD00101
Location C044M0015 C044M0016 C044M0019 C044SB005 C044SB007 C044SB025 C044SB026 C044SB027 C044SB027 C044SB027 C044SB066 C044SB076 C044SBCO01 C044SBCO01 C044SS005 C721MD001
Sample_dat 19950419 19950419 19950411 19950314 19950314 19970117 19970117 19970811 19970811 19970811 20010807 20011109 19990303 19990303 19970723 20030423
Sample_typ NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Qc_type NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM
Sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Matrix SD SD SD SO SO SO SO SO SO SO SO SO SO SO SO SD
Duplicate
Top_depth -9999 -9999 -9999 0 0 0 0 0 3 3 0 0 0 3 0 -9999
Bottom_dep -9999 -9999 -9999 1 1 1 1 1 5 5 1 1 1 5 1 -9999
Depth_unit NA NA NA FT FT FT FT FT FT FT FT FT FT FT FT NA
Submatrix NA NA NA SS SS SS SS SS SB SB SS SS SS SB SS NA
Depth_stat NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
Sample_met G G G G G G G G G G G G G G G G
Composite N N N N N N N N N N N N N N N N
Volatile Organics (mg/kg)
|1,2,4-TRICHLOROBENZENE | 0.40 U 0.49 U 0.084 J
Semivolatile Organics (mg/kg)
2-METHYLNAPHTHALENE 0.29 J 049 U 1.3 0.89 U
BAP EQUIVALENT 0.28157
BENZO(A)ANTHRACENE 0.051 J 049 U 0.21J 0.31J
BENZO(A)PYRENE 0.049 J 0.49 U 0.18 J
BENZO(B)FLUORANTHENE 0.067 J 049 U 0.25 J
BENZO(G,H,)PERYLENE 0.40 U 0.49 U 0.099 J
BENZO(K)FLUORANTHENE 0.067 J 049 U 0.15 J
CHRYSENE 0.097 J 0.49 U 0.34 J 0.46 J
DIBENZOFURAN 0.085 J 0.49 U 0.30 J
FLUORANTHENE 0.077 J 0.49 U 0.26 J 0.57 J
INDENO(1,2,3-CD)PYRENE 0.40 U 049 U 0.074 J
NAPHTHALENE 0.16 J 0.49 U 0.77 0.89 U
PHENANTHRENE 0.25J 0.49 U 0.87 0.15 J
PYRENE 0.079 J 0.49 U 0.33 J 0.76 J
Inorganics (mg/kg)
ALUMINUM 5900 7760 8790 5920 36600 2800 21900 394 16400 6290
ANTIMONY 0.35 UJ 0.43 UJ 0.28 UJ 0.42 UJ 0.55 UJ 0.34 UJ 0.48 J 021U 0.55 J 0.71J
ARSENIC 67.4 14.7 13.8 J 19 J 26.6 2.8 J 22.4 0.39 U 7.8 18.2 J 11.7 J 11.8 J 52 J 216 J 15.9
BARIUM 70.7 J 12.3 J 26.1 27.2 46.4 J 6.7 J 29.9 1.4 215 25.5
BERYLLIUM 0.40 U 0.41 U 0.46 J 0.26 J 1.9 0.16 J 1.3 U 0.05 U 1.5 U 0.70 UJ 0.88
CADMIUM 0.84 0.07 U 0.44 J 0.90 0.51J 0.22 U 0.07 U 0.04 U 0.08 U 0.10 J 0.51J 0.06 U
CALCIUM 833 J 1610 J 2030 J 128000 J 27900 5840 3540 268 2650 1160
CHROMIUM 23.2 12.5 15.1 J 18.2 J 54.3 7.3 38.2 1J 371 13.6
COBALT 22 J 3J 3.5J 25J 13.6 J 5.6 J 8.3 0.15 U 6.3 J 1.7 UJ 5.2
COPPER 33.9 32.5 241J 38 J 439J 454 46.5 0.59 J 7.3 143 J 116 J 22.4
IRON 93700 13100 10800 J 8760 J 31900 3520 27800 568 26100 10500
LEAD 35.1 43.4 321 J 82.7 J 64.2 26.1 40.5 0.84 13.5 33.4
MAGNESIUM 1140 1510 942 2450 5780 514 J 5790 J 326 J 6410 J 703
MANGANESE 0.06 U 72.4 86.3 J 111.J 408 199 150 5.7 289 23.4
MERCURY 0.28 J 0.47 J 0.20 J 1J 0.53 0.15 0.21 0.02 U 0.06 U 0.06 0.04 U 0.34 0.33 J
NICKEL 38J 4.2J 9.2 16.6 36.9 14 116 J 0.32 J 10.9 J 13.1J 259 J 55
POTASSIUM 8240 J 739 J 714 J 1070 J 3810 252 J 3090 J 145 J 3720 J 474 J
SELENIUM 9.3J 1UJ 1.2J 0.99 J 0.72 J 0.45 U 26 0.44 U 2.4 0.52 J 22 1.6 0.76 U
SODIUM 5860 J 3320 J 518 J 506 J 7270 J 367 J 10100 1880 13100 882 U
THALLIUM 4.6 1U 0.68 U 0.62 U 1.6 U 1.3 U 3.7 0.65 U 3.2 0.46 U 0.57 U 0.56 U 0.45 UJ
TIN 1.1 U 14 U 0.97 U 1.3 J 14.5 U 11.6 U 3.2 U 1.8 U 3.6 U 2.8 U
VANADIUM 33.5 221 18.7 15 68.2 71J 68.5 0.89 J 36.1 21.9
ZINC 33.9 J 84.6 J 68.1 93.6 279 65.5 166 14 J 39.3 38.3 118 J
Miscellaneous Parameters (mg/kg)
CHLORIDE
NITRITE/NITRATE-N
SULFUR
TOTAL ORGANIC CARBON 52600 10700 15200
TOTAL PHOSPHORUS

Miscellaneous Parameters (UEQ/G)

|CATION EXCHANGE CAPACITY




TABLE 4-8

SUMMARY OF DETECTION - SEDIMENT
CHARLESTON NAVAL COMPLEX
MORTH CHARLESTON, SOUTH CAROLINA
PAGE 2 OF 3

Sample
Location
Sample_dat
Sample_typ
Qc_type
Sacode
Matrix
Duplicate
Top_depth
Bottom_dep
Depth_unit
Submatrix
Depth_stat
Sample_met
Composite

721MD00201
C721MD002
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721MDO00301
C721MD003
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721MD00401
C721MD004
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721MD00501
C721MD005
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721MDO00701
C721MD007
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721MD00801
C721MD008
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721MD00901
C721MD009
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721MD01001
C721MD010
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721MD01101
C721MD011
20030423
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721SB00101
C721SB001
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB00701
C721SB007
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB00801
C721SB008
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB01A01
C721SB01A
20030603
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB01D01
C721SB01D
20030603
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB06B01
C721SB06B
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB06E01
C721SBO6E
20030603
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

Volatile Organics (mg/kg)

|1 ,2,4-TRICHLOROBENZENE

Semivolatile Organics (mg/kg)

2-METHYLNAPHTHALENE

0.03 J

0.057 J

024 J

0.72 J

0.71J

0.52 J

0.90 J

0.38 J

051U

0.62 U

027 J

BAP EQUIVALENT

049 U

0.43524

BENZO(A)ANTHRACENE

0.13 J

0.31J

022 J

0.34 J

044 J

032 J

0.54 J

0.12 J

0.087 J

0.098 J

BENZO(A)PYRENE

BENZO(B)FLUORANTHENE

BENZO(G,H,I)PERYLENE

BENZO(K)FLUORANTHENE

CHRYSENE

0.16 J

032 J

029 J

0.52 J

0.56 J

0.50 J

0.82 J

0.15 J

0.67

012 J

0.51J

0.18 J

022 J

DIBENZOFURAN

FLUORANTHENE

029 J

0.61J

0.58 J

0.99 J

0.71J

4.6

14 J

0.23 J

0.16 J

012 J

INDENO(1,2,3-CD)PYRENE

NAPHTHALENE

0.50 U

075 U

0.13 J

0.39 J

0.37 J

0.30 J

0.57 J

0.40 J

0.19 J

0.96

0.14 J

024 J

0.18 J

0.14 J

PHENANTHRENE

0.074 J

0.14 J

0.29 J

0.83 J

0.66 J

0.50 J

1.1

0.84 J

0.30 J

1.1

024 J

0.39 J

0.32 J

0.39 J

PYRENE

0.31J

0.48 J

0.44 J

0.82 J

0.85 J

0.69 J

3.7

1.2J

0.23 J

0.65

0.14 J

0.93 J

0.14 J

0.25J

Inorganics (mg/kg)

ALUMINUM

ANTIMONY

ARSENIC

171

30.1

75.9

38.4

28

216

42.6

12.6

23.7

68.9

BARIUM

BERYLLIUM

0.40 U

0.72

5.4

16 U

0.96 U

0.46

CADMIUM

CALCIUM

CHROMIUM

COBALT

2.8

4.5

11.6

33.2

7.4

5.2

4.1

10.5

23

19.5

COPPER

IRON

LEAD

MAGNESIUM

MANGANESE

MERCURY

0.43 J

0.78 J

0.35J

0.32 J

0.50 J

0.46 J

0.071 J

1.1J

0.27 J

NICKEL

POTASSIUM

SELENIUM

0.46 U

045U

12U

0.86 U

0.45 U

24U

0.29 U

2U

SODIUM

THALLIUM

0.64 U

0.39 UJ

22U

1.1.0J

0.73 UJ

0.30 UJ

0.74 UJ

0.25 UJ

0.34 U

0.95 U

4 U

TIN

VANADIUM

ZINC

50.7 J

132 J

202 J

311J

398 J

357 J

85.5 J

669 J

113 J

211

Miscellaneous Parameters (mg/kg)

CHLORIDE

NITRITE/NITRATE-N

SULFUR

TOTAL ORGANIC CARBON

TOTAL PHOSPHORUS

Miscellaneous Parameters (UEQ/G)

|CATION EXCHANGE CAPACITY




TABLE 4-8

SUMMARY OF DETECTION - SEDIMENT
CHARLESTON NAVAL COMPLEX
MORTH CHARLESTON, SOUTH CAROLINA

PAGE 3 OF 3

Sample
Location
Sample_dat
Sample_typ
Qc_type
Sacode
Matrix
Duplicate
Top_depth
Bottom_dep
Depth_unit
Submatrix
Depth_stat
Sample_met
Composite

721SB06F01
C721SBO6F
20030603
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB06G01
C721SB06G
20030603
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB06H01
C721SB06H
20030603
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB07A01
C721SB07A
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB07B01
C721SB07B
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB07C01
C7218B07C
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB07D01

C721SB07D

20030424 20030424

NORMAL NORMAL
NM NM

NORMAL NORMAL
SO SO

721SB08A01
C721SB08A

0 0
1 1
FT FT
ss ss
NORMAL NORMAL
G G
N N

721SB08B01
C721SB08B
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB08C01
C721SB08C
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SB08D01
C721SB08D
20030424
NORMAL
NM
NORMAL
SO

0
1
FT
ss
NORMAL
G
N

721SBR0101
C721SBRO1
20051121
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721SBR0201
C721SBR02
20051121
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

721SBR0301
C721SBR03
20051121
NORMAL
NM
ORIG
SD

-9999
-9999
NA
NA
NORMAL
G
N

721SBR0301-AVG
C721SBR03
20051121
NORMAL
NM
AVG
SD

-9999
-9999
NA
NA
NORMAL
G
N

721SBR0301-D
C721SBR03
20051121
NORMAL
FD
DUP
SD
721SBR0301
-9999
-9999
NA
NA
NORMAL
G
N

721SBR0401
C721SBR04
20051121
NORMAL
NM
NORMAL
SD

-9999
-9999
NA
NA
NORMAL
G
N

Volatile Organics (mg/kg)

|1 ,2,4-TRICHLOROBENZENE

Semivolatile Organics (mg/kg)

2-METHYLNAPHTHALENE

0.29 J

BAP EQUIVALENT

BENZO(A)ANTHRACENE

0.099 J

BENZO(A)PYRENE

BENZO(B)FLUORANTHENE

BENZO(G,H,I)PERYLENE

BENZO(K)FLUORANTHENE

CHRYSENE

0.20 J

DIBENZOFURAN

FLUORANTHENE

0.14 J

INDENO(1,2,3-CD)PYRENE

NAPHTHALENE

0.15J

PHENANTHRENE

0.46 J

PYRENE

0.28 J

0.063 J

Inorganics (mg/kg)

ALUMINUM

ANTIMONY

ARSENIC

89.5

25.2

5.4

11.5

43

BARIUM

BERYLLIUM

0.57

0.49

0.98 J

CADMIUM

CALCIUM

CHROMIUM

COBALT

4.3

8.1

75

COPPER

IRON

LEAD

MAGNESIUM

MANGANESE

MERCURY

NICKEL

POTASSIUM

SELENIUM

SODIUM

THALLIUM

1U

0.88 U

0.38 U

0.40 U

037 U

037 U

TIN

VANADIUM

ZINC

153

74.9

106

147

Miscellaneous Parameters (mg/kg)

CHLORIDE

NITRITE/NITRATE-N

SULFUR

TOTAL ORGANIC CARBON

TOTAL PHOSPHORUS

Miscellaneous Parameters (UEQ/G)

|CATION EXCHANGE CAPACITY




TABLE 4-9

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SEDIMENT
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 2
Frequency Location of Sample of Concentration AOC 721 Screening Rationale For
of Minimum Maximum Maximum Maximum Range of Used for Background Toxicity COPC | Contaminant
CAS Number Chemical Detection'” | Concentration” [ Concentration"” Detect Detect Nondetects® | Screening?® |Concentration”| value® Flag | Deletion®
Volatile Organics (mg/kg)
120-82-1  [1,2,4-TRICHLOROBENZENE 1/3 0.084 J 0.084 J C044SS005 | 0445500501 0.4- 0.49 0.084 | NA [ 62N [ No | BSL
Semivolatile Organics (mg/kg)
91-57-6 2-METHYLNAPHTHALENE 13/17 0.03 J 1.3 C044SS005 | 0445500501 0.49 - 0.89 1.3 23 N No BSL
- BAP EQUIVALENT 213 0.28 0.44 C044SS005 | 0445500501 0.49- 0.49 0.44 No BKG
56-55-3 BENZO(A)ANTHRA 15/16 0.051J 1.4 C721MD009 | 721MD00901 0.49 - 0.49 1.4
50-32-8 BENZO(A)PYRENE 213 0.049 J 0.18 J C044SS005 | 0445500501 0.49 - 0.49 0.18
205-99-2 BENZO(B)FLUORANTHENE 2/3 0.067 J 0.25 J C0445S005 | 0445500501 0.49 - 0.49 0.25
191-24-2 BENZO(G,H,))PERYLENE 1/3 0.099 J 0.099 J C044SS005 | 0445500501 0.4-0.49 0.099
207-08-9 BENZO(K)FLUORANTHENE 213 0.067 J 0.15 J C0445S005 | 0445500501 0.49 - 0.49 0.15
218-01-9 CHRYSENE 18/19 0.097 J 1.5 C721MD009 | 721MD00901 0.49 - 0.49 1.5
132-64-9 DIBENZOFURAN 213 0.085 J 0.3 J C0445S005 | 0445500501 0.49 - 0.49 0.3
206-44-0 FLUORANTHENE 15/16 0.077 J 4.6 C721MD009 | 721MD00901 0.49 - 0.49 4.6
193-39-5 INDENO(1,2,3-CD)PYRENE 1/3 0.074 J 0.074 J C0445S005 | 0445500501 0.4 - 0.49 0.074
91-20-3 NAPHTHALENE 15/19 0.13 J 0.96 C721SB001 | 721SB00101 0.49 - 0.89 0.96
85-01-8 PHENANTHRENE 18/19 0.074 J 1.1 C721SB001 | 721SB00101 0.49 - 0.49 1.1
129-00-0 PYRENE 19/20 0.063 J 3.7 C721MD009 | 721MD00901 0.49 - 0.49 3.7
Inorganics (mg/kg)
7429-90-5  FXRINIIN(IY 10/10 394 36600 C044SB025 | 044SB02501 36600 27000 7700 N Yes
7440-36-0 3/10 0.48 J 0.71 J C0445S005 | 0445500501 0.21- 0.55 0.71 ND
ZVREE I ARSENIC 33/34 2.8 J 89.5 C721SB06G | 721SB06G01 0.39- 0.39 89.5 15 0.39 C Yes
7440-39-3  |BARIUM 10/10 1.4 70.7 J C044M0015 | 044M001501 70.7 30
7440-41-7  |BERYLLIUM 16/25 0.16 J 5.4 C721MD005 | 721MD00501 0.05- 1.6 5.4 1.5
7440-43-9  |CADMIUM 6/12 0.1J 0.9 C044SB007 | 044SB00701 0.04 - 0.22 0.9 ND
7440-70-2  |CALCIUM 10/10 268 128000 J C044SB007 | 044SB00701 128000 140000
7440-47-3  |CHROMIUM 10/10 14 54.3 C044SB025 | 044SB02501 54.3 56 0.29 c®
7440-48-4 OBA 23/25 22 33.2 C721MD005 | 721MD00501 0.15- 1.7 33.2 8.4 23N Yes
7440-50-8  |COPPER 12/12 0.59 J 46.5 C044SB027 | 044SB02701 465 16
7439-89-6  Il® 10/10 568 93700 C044M0015 | 044M001501 93700 33000 5500 N Yes
7439-92-1  |LEAD 10/10 0.84 82.7 J C044SB007 | 044SB00701 82.7 21
7439-95-4  |MAGNESIUM 10/10 326 J 6410 J C044SB027 | 044SB02703 6410
7439-96-5 ANGA 9/10 5.7 408 C044SB025 | 044SB02501 0.06 - 0.06 408 240
7439-97-6  |MERCURY 19/22 0.06 11J C721MD010 | 721MD01001 0.02 - 0.21 1.1 0.11
7440-02-0  |NICKEL 12/12 0.32 J 36.9 C044SB025 | 044SB02501 36.9 15
7440-09-7  |POTASSIUM 10/10 145 J 8240 J C0440015 | 044M001501 8240 4200
7782-49-2  |SELENIUM 9/23 0.52 J 9.3J C044M0015 | 044M001501 0.29-2.4 9.3 ND
7440-23-5  |SODIUM 9/10 367 J 13100 C044SB027 | 044SB02703 882 - 882 13100
7440-28-0  ITNRRITN 3/32 3.2 4.6 C044M0015 | 044M001501 0.25- 4 4.6 ND 0.078 N Yes
7440-31-5 1/10 1.3 J 1.3 J C044SB007 | 044SB00701 0.97 - 14.5 1.3
7440-62-2 NI 10/10 0.89 J 68.5 C044SB027 | 044SB02701 68.5 61 39N Yes
7440-66-6  |ZINC 25/25 14J 669 J C721MD010 | 721MD01001 669 64

Miscellaneous Parameters (mg/kg)
— [TOTAL ORGANIC CARBON | 33 | 10700 52600 | co44m0015 | 044M001501 | 52600 NA NA No | NTX |




TABLE 4-9

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SEDIMENT

AOC 721
CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2
Frequency Location of Sample of Concentration AOC 721 Screening Rationale For
of Minimum Maximum Maximum Maximum Range of Used for Background Toxicity COPC | Contaminant
CAS Number Chemical Detection'” | Concentration” [ Concentration"” Detect Detect Nondetects® | Screening?® |Concentration”| value® Flag | Deletion®
Footnotes: Definitions:

1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations detected and as one sample
when determining the frequency of detection and average results.

2 - Values presented are sample-specific quantitation limits.

3 - The maximum detected concentration is used for screening purposes.

4 - The USEPA Regional Screening Level for residential exposures to soil is presented. Before the factor is applied, the risk based soil screening level
is divided by 10 to correspond to a target hazard quotient of 0.1 for noncarcinogens (denoted with a "N" flag), or an incremental cancer risk of 1.0E-6
for carcinogens (denoted with a "C" flag) (May 2012).

5 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.
6 - One-tenth the noncarcinogenic value is less than the carcinogenic value; therefore, the noncarcinogenic value is presented.

7 - Values are for pyrene.

8 - Value is for hexavalent chromium.
9 - Value is for mercuric chloride (and other mercury salts).
Bolded maximum concentrations indicate that the maximum concentration exceeds one or more screening criteria or background (if available).

Associated Samples:

044M001501 044SBC0101
044M001601 044SBC0102
044M001901 0445800501

044SB00501 721MDO00101
044SB00701 721MD00201
044SB02501 721MD00301
044SB02601 721MD00401
044SB02701 721MD00501
044SB02702 721MD00701
044SB02703 721MD00801
044SB06601 721MDO00901
044SB07601 721MDO01001

721MD01101
721SB00101
721SB00701
721SB00801
721SBO1A01
721SB01D01
721SB06B01
721SBO6GEO1
721SBO6FO01
721SB06G01
721SBO6HO1
721SB07A01

721SB07B01
721SB07C01
721SB07D01
721SB0O8AO01
721SB08B01
721SB08CO1
721SB08DO1
721SBR0101
721SBR0201
721SBR0301
721SBR0301-D
721SBR0401

C = Carcinogen
N = Noncarcinogen

COPC = Chemical of Potential Concern
NA = Not Applicable/Not Available

Rationale Codes:

For selection as a COPC:
ASL = Above Screening Level
For elimination as a COPC:
BSL = Below COPC Screening Level
EN = Essential nutrient
NTX = No toxicity Criteria




TABLE 4-10

SUMMARY OF DETECTIONS - SURFACE WATER

AOC 721

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Sample 721WD00101 721WD00102 721WP00101
Sample_typ NORMAL NORMAL NORMAL
Qc_type NM NM NM
Sacode NORMAL NORMAL NORMAL
Matrix SW SW SW
Inorganic Elements (ug/l)

Arsenic 3.6 25U 25U
Beryllium 0.32 0.33 0.30U
Calcium 169000 125000 164000
Cobalt 1.1U 1.1U 1.1
Magnesium 331000 382000 403000
Potassium 126000 147000 152000
Sodium 2340000 2680000 2845000
Thallium 3.2U 3.2U 4.3
Miscellaneous Compounds

Chloride (mg/l) 5280 6170 6165
Conductance(umhos) 16000 18000 17950
Salinity (g/l) 9.6 11.2 11.15
Sulfate,turbid (mg/l) 667 791 864
TDS (mg/l) 10300 11500 11500
TSS 20 40U 47




TABLE 4-11

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER

AOC 721

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Saltwater Saltwater Rationale for
Concentration| Surface Surface Contaminate
Frequency Use for Water Water COPC Delection or
CAS Number Parameter of Detection | Range of Detection Mean Screening Chronic" Acute!" Flag Selection
Inorganic Elements (ug/l)
7440-38-2 Arsenic 1/3 3.6 3.6 3.6 36 69 No BSL
7440-41-7 Beryllium 2/3 0.32—0.33 0.325 0.33 NA NA No NTX
7440-70-2 Calcium 3/3 125000-169000 152666.67 169000 NA NA No NTX
7440-48-4 Cobalt 1/3 1.1 1.1 1.1 NA NA No NTX
7439-95-4 Magnesium 3/3 331000—403000 372000 403000 NA NA No NTX
7440-09-7 Potassium 3/3 126000—152000 141666.67 152000 NA NA No NTX
7440-23-5 Sodium 3/3 2340000-2845000 | 2621666.67 2845000 NA NA No NTX
7440-28-0 Thallium 1/3 4.3 4.3 4.3 NA NA No NTX
Miscellaneous Compounds
16887-00-6  |Chloride (mg/l) 3/3 5280—6170 5871.67 6170 NA NA No NTX
TTNUS504 Conductance (umhos) 3/3 16000—18000 17316.67 18000 NA NA No NTX
TTNUS036 Salinity (g/l) 3/3 9.6—11.2 10.65 11.2 NA NA No NTX
14808-79-8  |Sulfate, turbid (mg/l) 3/3 667—864 774 864 NA NA No NTX
TTNUS040 TDS (mg/l) 3/3 10300—11500 11100 11500 NA NA No NTX
TTNUS003 TSS (mg/l) 2/3 20—47 33.5 47 NA NA No NTX
Footnotes: Definitions:

1 - National Recommended Water Quality Criteria (USEPA, 2009).

pg/l = Microgram per liter
mg/l = Milligram per liter

NTX= No toxicity criteria
umhos = micro-millohms

COPC= Chemical of Potential Concern

Rationale Codes:
For selection as a COPC:
ASL = Above Screening Level

For elimination as a COPC:
BSL= Below COPC screening level
NTX = No toxicity criteria
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BIS(2-ETHYLHEXYL)PHTHALATE 8 J [RSL][MCL]
044GW00602 01/17/1996

Semivolatile Organics (ug/L)
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[MCL-G] - Concentration exceeds
non-zero Maximum Contaminant
Level-Goal.

[RSL] - Concentration exceeds tap
water Regional Screening Level.

NOTE: [MCL] - Concentration exceeds

This figure only shows chemicals that exceeded the Regional Screening Level (RSL) primary Maximum Contaminant Level.
for tap water (based on an incremental cancer risk of 1.0E-06 for carcinogens or a

hazard quotient of 0.1 for non-carcinogens) (USEPA, May 2012), the primary Maximum
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[RSL]
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04/24/2003
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04/24/2003

04/24/2003
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289 [RSL]
3.2 [RSL]

11/21/2005

04/24/2003
23.7 [RsL]

11/09/2001

08/07/2001
18.2 J [RSL]

11/21/2005

C721SBRO3-DUP

721SBR0301-D

11/21/2005

This figure only shows chemicals that exceeded both background and the
Regional Screening Level (RSL) for residential soil (based on an incremental
cancer risk of 1.0E-06 for carcinogens or a hazard quotient of 0.1 for non-carcinogens)

(USEPA, May 2012).
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5.0 CONTAMINANT FATE AND TRANSPORT

This section discusses the fate and transport of contaminants present at AOC 721. The evaluation
focuses on the following primary chemicals of potential concern (COPCs) defined by the human and

ecological risk assessments:

e PAHSs

o Metals

o Pesticide (heptachlor)

e Phthalate Esters [bis(2-ethylhexyl) phthalate]

Generally, the methods by which the COPCs were transported from source areas to environmental media
(and from one environmental medium to another) and the ultimate fate of a chemical in an environmental
medium are examined. The discussion is organized by contaminant type and then by environmental

medium. The following chemical characteristics are discussed:

e Henry’s Law Constant: Describes the ratio of atmospheric to solution concentrations at low partial
pressures. This constant indicates a chemical’s potential to volatilize. In general, chemicals having a
Henry’s Law constant of less than 1E-05 atmosphere-cubic meter per mole (atm-m3/mole), such as
PAHSs, should volatilize very little and be present only in minute amounts in the atmosphere or soil
gas. In contrast, for chemicals with a Henry’s Law constant greater than 5E-03 atm-m*/mole, such as

many VOCs, volatilization and diffusion could be very significant.

e Organic carbon partition coefficient (K,): Indicates a chemical’'s potential to bind to organic
carbon in soil and sediment. This parameter may be used to infer the relative rates at which
chemicals are transported in water. Chemicals with a high K, value generally have low water

solubilities and vice versa.

e Octanol-water partition coefficient (K.y): Estimates the potential for an organic chemical to move
from water into lipid (or fats). A linear relationship between K, and the uptake of chemicals by the

fatty tissues of animal and human receptors (i.e., the bioconcentration factor) has been established.

5.1 PAHs

PAHs (a subset of SVOCs) have been detected in environmental media at AOC 721, as discussed in
Section 4. The physiochemical properties of the PAHs (water solubility, vapor pressure, Henry’'s law

constant, K.y, and K,.) explain, to a large extent, the observed partitioning of these contaminants among
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the environmental media (soil, groundwater, surface water, sediment). The transport and partitioning of
an individual PAH compound is roughly related to the molecular weight of the compound. PAHs fall into
one of three categories: low molecular weight (two to three benzene rings, e.g., acenaphthene,
anthracene, fluorene, and phenanthrene), medium molecular weight (four benzene rings,
e.g., fluoranthene and pyrene), and high molecular weight [five or more benzene rings,
e.g., benzo(a)pyrene, dibenzo(a,h)anthracene and indeno(1,2,3-c,d)pyrene] compounds. Typically those
PAHs with lower molecular weights will be more mobile within a given medium. For example, a low
molecular weight PAH will be much more likely to volatilize, whereas high molecular weight compounds
will not tend to volatilize as readily. Low molecular weight PAHs tend to have lower K, values and a
moderate potential to be adsorbed to organic carbon in soil and sediments compared to high molecular

weight PAHs, which have stronger tendencies to adsorb to organic carbon.

As described in Section 2, AOC 721 is situated on poorly consolidated Quaternary age sediments that
overlie the Ta Ashley Formation. The Ashley Formation is described as a clayey silt which provides a
high surface area and organic content promoting the absorption of PAHs. Thus, sediment PAH
contamination is generally expected to adhere strongly to these sediments and not migrate significantly

vertically or horizontally.

In contrast, PAHs were not detected in groundwater or surface water at AOC 721. Thus, the available
data indicate that the PAHs have adsorbed strongly to the soil and sediment matrices and have not
partitioned significantly to surface water or groundwater. The absence of PAHs in surface water and
groundwater is attributable, in part, to the fact that PAHs are not very soluble in water.

A brief summary of the fate of PAH compounds is provided below.

Chemical Fate in Surface Water

In water, PAH compounds tend to be physically removed by volatilization to the atmosphere, by binding to
suspended particles or sediments, or by being accumulated by or sorbed onto aquatic biota. The Henry’s
Law Constant determines how readily an individual PAH compound will volatilize from surface water to
air. Ideal conditions for volatilization of PAHs from surface water would be high temperature, low depth
(from the water surface), and high wind. However, because of their low solubility and high affinity for
organic carbon, PAHs in aquatic systems are primarily found sorbed to particles that either have settled to
the bottom or are suspended in the water column. In an estuary, volatilization and adsorption to
suspended sediments with subsequent deposition are the primary physical removal processes for
medium and high molecular weight PAHs, whereas volatilization and biodegradation are the major
removal processes for low molecular weight PAHs. In some instances, PAHs will settle quickly to

sediment, but may be recycled back into the water column from the sediment surface. This scenario is
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more likely for PAHs with lower molecular weights than for those with higher molecular weights, which
appear to become somewhat buried when deposited in sediment. Low molecular weight PAHs will also

have a lesser tendency to be adsorbed to organic carbon than high molecular weight PAHSs.

The most important chemical/biological processes contributing to the degradation of PAHs in water are
photo-oxidation, chemical oxidation, and biodegradation by aquatic microorganisms. Temperature,
depth, pollution status, flow rate, and oxygen content of the water impact the overall fate of PAHs in
water. The rate and extent of photodegradation vary widely among PAHs and do not follow a discernable
pattern. PAHs in water can be chemically oxidized by chlorination and ozonation. However, the PAH-
related by-products resulting from chlorination are not fully known, and there appears to be no correlation

between biodegradability and molecular weight.

Chemical Fate in Soil and Sediment

In soil, PAHs can volatilize, undergo abiotic degradation (photolysis and oxidation), biodegrade, or
accumulate in plants. In sediment, PAHs can biodegrade or accumulate in aquatic organisms. Sorption
of PAHs to soil and sediment increases with increasing organic carbon content and with increasing
surface area of the sorbent particles (e.g., greater sorption to clays than sands). For example, three to
four times more anthracene and about two times more fluoranthene, benzo(a)anthracene and
benzo(a)pyrene can be retained by marsh sediment than by sand. Sorption of PAHs to organic matter

and soil particulates influences bioavailability and biotransformation potential.

Microbial metabolism is the major process for degradation of PAHs in soil environments. Chemical
degradation (photolysis, hydrolysis, and oxidation) is generally not considered as significant. However,
PAH losses from surface soil because of volatilization and photolysis can be important for low molecular
weight PAHSs; losses for medium and high molecular weight compounds are typically insignificant. The
rate and extent of biodegradation of PAHs in soil are affected by environmental factors such as the
organic content, structure, and particle size of the soil, characteristics of the microbial population,
presence of other contaminants such as metals and cyanides that may be toxic to microorganisms, and
physical and chemical properties of the individual PAHs. Other environmental factors that influence the
rate of PAH degradation in soil include temperature, pH, oxygen concentration, PAH concentrations, and
contamination history of soil, soil type, moisture, nutrients, and other substances that may act as
substrate co-metabolites. Biodegradation of PAHs in soil is faster for low molecular weight compounds
than high molecular weight compounds. The pathways of microbial degradation are well known for some
PAHs. Mean half-lives (or the rate of degradation of PAHs) are positively correlated with log K, and

inversely correlated with log water solubility.
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The rate of microbial transformation of PAHs in freshwater sediments from both pristine and oil-
contaminated streams are 10 to 400 times greater in contaminated sediment than uncontaminated
sediment. Absolute rates of PAH transformation were 3,000 to 125,000 times greater in the contaminated
sediment. Turnover times in the oil-contaminated sediment increased 30- to 100-fold per additional ring
from naphthalene through benzo(a)anthracene; naphthalene was broken down in hours, and the turnover
times for benzo(a)anthracene and benzo(a)pyrene were about 400 days and more than 3.3 years,
respectively. Therefore, the four- and five-ring PAHs may persist even in sediments that have received
chronic PAH inputs. As noted above, the rate of PAH biodegradation may also be decreased by the
degree of contamination. Half-lives may be longer when contaminants at the site are toxic to degrading

mircoorganisms.

Bioconcentration

PAHs can accumulate in aquatic organisms from water, sediment, and food. Bioconcentration is greater
for high molecular weight PAHs than for low molecular weight PAHs. Some organisms are able to
metabolize and eliminate PAHs. In some organisms, however, PAHs are transformed into carcinogenic
and mutagenic intermediates, and therefore exposure to PAHs has been linked to the development of
tumors in fish. Sediment-associated PAHs can accumulate in bottom-dwelling invertebrates and fish.
The fate and transport of PAHs in aquatic organisms is discussed in detail in the ecological risk
assessment (ERA) (Section 8 of this RFI).

5.2 METALS

As detailed in Section 4, metals concentrations (particularly aluminum, antimony, arsenic, cobalt,
chromium, iron, manganese, thallium, and vanadium) in excess of background concentrations have been
detected at AOC 721. The elevated metal concentrations are most notable in soil and sediment samples
around the previously defined hotspot. Arsenic, a primary COPC for AOC 721, was detected in both soil
and sediment at AOC 721.

The metals concentrations detected in most of the sediment samples suggest the direct contamination of

sediment by past activities at AOC 721 (e.g., the storage and use of coal).

Overview of Metals Fate and Transport Information

The following narrative provides a brief summary of chemical fate information for metals from the

literature.
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Metals are highly persistent and do not readily biodegrade, photolyze, hydrolyze, etc. The transport of
metals in soil and sediment is a result of a variety of complex mechanisms and interactions. The major
fate mechanisms for metals are adsorption to the soil matrix and bioaccumulation. The interactions are
not well understood in many cases due to the fact that natural systems are mixtures of various reactive
substances that can vary over distances in the subsurface and can vary with time as subsurface
conditions change. Transport of metals in the subsurface environment can be a function of the following

mechanisms:

¢ Advection: Metals particles are transported with the flow of groundwater. Advection is one of the
primary mechanisms by which chemicals are transported from a source area in the form of a plume.
Advection results in the reduction of chemical concentrations by dilution with surrounding

groundwater but does not result in mass reduction.

o Dispersion: Dispersion is the mixing of chemicals in an aquifer primarily caused by the varied
movement of groundwater through a complex network of small openings (i.e., pores) located between
the individual grains of sand, silt, and clay. Dispersion is one of the primary mechanisms by which
chemicals are transported from a source area in the form of a plume. Dispersion results in the
reduction of chemical concentrations by dilution with surrounding groundwater, but not by mass

reduction.

e Sorption/Desorption: The complex chemical processes (e.g., ionic attraction, oxidation- reduction
reactions, complexation with an organic chemical, etc.) by which chemicals partition between the
aqueous phase and solid phase (soil) in the aquifer matrix. A particular trace metal will typically
compete for available adsorption sites with other trace metals, hydrogen, calcium, and sulfate. The
sorption (i.e., attachment) of a chemical onto a mineral surface or organic matter results in the

retardation (i.e., slowing or delaying) of chemical transport in the aquifer.

e Speciation: The process of changing the ionic strength and reactivity of a chemical. Speciation may

cause significant differences in the sorption behavior of the chemical.

o Dissolution/Precipitation: The dissolving or solidifying of a chemical as a result of a chemical
reaction. For trace metals, dissolution and precipitation behavior is strongly a function of pH
(i.e., acidity or alkalinity) and the initial distributions of the aqueous, solid, and adsorbed masses of
each chemical. Dissolution of a chemical from a source area typically provides a continuous or
intermittent influx of chemicals to the groundwater until geochemical equilibrium conditions are

achieved.
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Many studies have found that the predominant adsorbates of metal ions are iron and manganese oxides
and organic matter such as detrial plant material and humic coatings on mineral surfaces. Metal
hydroxides of iron, aluminum, and manganese are important reductive surfaces in subsurface materials
with respect to interactions with charged species such as hydrogen, aluminum, cadmium, zinc, lead, and
copper and with negatively charged species such as phosphate, sulfate, bicarbonate, and fluoride. The
adsorption of species on oxides is strongly dependent on pH due to the variable, pH-dependent, surface

charge and potential of metal hydroxides and to a pH-dependent speciation of the adsorbate.

5.3 PESTICIDES

Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the ultimate sink for
these chemicals. Surface soil runoff may carry pesticides to adjacent surface water bodies.
Bioconcentration of pesticides in the food chain is another important fate mechanism. In water, they
would not be expected to biodegrade or hydrolyze to any significant extent and will likely bioconcentrate
in aquatic organisms. Hydrolysis, oxidation, and photolysis are not generally important fate mechanisms
for pesticides in soil or water. Hydrolysis half-lives for several pesticides are reported in periods of
months to years (USEPA, 1979). Heptachlor was detected only in groundwater at AOC 721 and is

discussed below:

The use of heptachlor was restricted in 1983. Heptachlor epoxide is formed by the biological
transformation of heptachlor in the environment. These compounds sorb strongly to soil. Heptachlor is
subject to biodegradation (forming heptachlor epoxide, which is highly resistant to biodegradation) and
hydrolysis. Bioconcentration of both compounds is significant, and volatilization and photolysis are very
slow (Howard, 1991).

5.4 PHTHALATE ESTERS

Phthalate esters (a subset of SVOCs) are considered to be relatively persistent chemicals in the
environment. Although numerous studies have demonstrated that phthalate esters undergo
biodegradation, it appears that this is a slow process in both soils and surface waters. Certain
microorganisms have been shown to excrete products that increase the solubility of phthalate esters and
enhance their biodegradation (Gibbons and Alexander, 1989).

Biodegradation of bis(2-ethylhexyl) phthalate is an important fate mechanism. However, hydrolysis of
bis(2-ethylhexyl) phthalate is very slow, with a calculated half-life of 2000 years (USEPA, 1979).
Bioaccumulation is also a significant fate process. Photolysis and volatilization are considered to be
insignificant degradation mechanisms (USEPA, 1979; Howard, 1989).
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6.0 INTERIM MEASURES

Following completion of RFI sampling activities at AOC 721, an 893 square foot arsenic-contaminated soil
hot spot (Figure 1-3) was identified for removal (Spectra Tech, 2006). EnSafe was contracted by the
Navy through the CLEAN program to excavate and dispose of the contaminated soil. Spectra Tech was
contracted by the Navy to prepare a Completion Report of the interim soil removal action, which was
submitted on March 26, 2006 (Spectra Tech, 2006a). Spectra Tech was also subcontracted by EnSafe to

provide technical support.

The soil removal was necessitated by preliminary ecological risk assessment results, where arsenic soil
concentrations ranged from 50.9 to 340 milligrams per kilogram (mg/kg). The goal of the IM was to
remove a hot spot where arsenic levels were above the target cleanup level of 70 mg/kg. The cleanup
target level was established by the CNC BCT, and was the NOAA Effects Range Median (ER-M), which is
a risk assessment-based value for sediment that indicates when impacts to benthic macro invertebrates

are expected.

6.1 INTERIM MEASURE PREPARATION

Prior to excavation, waste profile sampling for Toxicity Characteristic Leaching Procedure (TCLP)
analysis of metals, mercury, and SVOCs was conducted on October 27, 2005. Thereafter, analytical
results were submitted to Waste Management (WM) with an application for disposal. WM approved the
Special Waste Disposal Application on November 14, 2005 for disposal of contaminated soil at the

WM Oakridge Landfill facility located in Dorchester, South Carolina.

6.2 EXCAVATION

Spectra Tech, EnSafe, and CE Chinner’s Trucking, Inc. mobilized to AOC 721 on November 20, 2005.
Upon mobilization of the excavation equipment, preparations such as brush removal, silt fence
installation, and backfill material staging were performed. CE Chinner’s Trucking, Inc. was subcontracted
to provide excavation and hauling services. The excavation pit was divided into four sections for logistical
purposes. A Hitachi Long Reach track excavator with a 60-foot extended boom was utilized for soil

removal to a depth of two feet.
CE Chinner’s Trucking, Inc. excavated and loaded 84.8 tons of contaminated soil into five and a half truck

loads, totaling 88 cubic yards. Contaminated soil was thereafter transported to the Oakridge Landfill, a
certified Subtitle D landfill, for disposal.

091005/P 6-1 CTO JM62



REVISION 2
MAY 2013

6.3 CONFIRMATORY SAMPLING

Upon completion of excavation in each of the four sections, five post-excavation confirmatory soil
samples, including one duplicate, were collected for arsenic analysis and labeled 721SBR0101 through
721SBR0401. Coordinates for each sample location were recorded using a Trimble Pathfinder PRO XRS
Differential Global Positioning System (GPS) Receiver and Data Collector. Table 6-1 summarizes the
location and results of the confirmatory samples. Confirmatory sample laboratory analytical reports were
included in the AOC 721 Interim Measure Completion Report (Spectra Tech, 2006). Following receipt of

confirmatory sample results, the excavation was backfilled and restored to pre-construction conditions.

TABLE 6-1
POST EXCAVATION CONFIRMATORY SAMPLE SUMMARY LOCATIONS
Target
Sample Cleanup | Exceeds
Collection Results Level Cleanup . .
Sample ID Parameter Depth (mg/kg) (NOAA Level Northing | Easting
(feet) ER-M) (Y/N)

(mg/kg)
721SBR0101 Arsenic 2 54 70 N 379590.0 | 2315019.0
721SBR0201 Arsenic 2 11 70 N 379576.0 | 2315015.0
721SBR0301 Arsenic 2 11 70 N 379562.4 | 2315004.0
721CBR0301* | Arsenic 2 12 70 N 379562.4 | 2315004.0
721SBR0401 Arsenic 2 43 70 N 379590.0 | 2314996.0
*Duplicate Sample
6.4 EFFECTS OF SOIL REMOVAL ON OTHER MEDIA

Groundwater in AOC 721 and sediment in Noisette Creek were sampled before and after the soil
removal. Surface water was not sampled in 2008 during the Zone J RFI because surface water chemical
data can be quite variable at a given location over time, and although numerous surface water samples
have been collected and analyzed over the long history of the Zone J investigation, no clear trends in
surface water contamination have been identified. Overall, evaluations of surface water samples
collected during previous investigations at Zone J have indicated that surface water concentrations at
Zone J are similar to surface water concentrations elsewhere in the harbor, or that ecological risks posed
by CNC-related chemicals in surface water are negligible. Because of this, and because sediments
integrate contaminants over time and indicate a history of contamination, the BCT decided that sampling

activities conducted in 2008 would focus on sediment.

Sixteen groundwater samples (from four quarterly sampling events that included a duplicate sample)

were collected prior to the 2005 IM removal in 2003 and were analyzed for select metals. Four post-IM
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removal groundwater samples were collected in 2008 and were analyzed for metals. These samples
were collected from Monitoring Wells 044005, 044006, and 044007 in 2003 and 2008. Both of these data
sets have analytical results for six of the metals with groundwater concentrations exceeding background
concentrations and screening criteria in Table 4-7. Table 6-2 compares the ranges of detections for these

six metals in the 2003 and 2008 groundwater data sets:

TABLE 6-2
COMPARISON OF PRE- AND POST-EXCAVATION METALS CONCENTRATIONS IN
GROUNDWATER
Range of Detected Range of Detected
Parameter Concentrations — 2003 Data Concentrations — 2008 Data
(mg/L) (mg/L)
Antimony Not Detected Not Detected
Arsenic 2.1 -206 4 -126
Cobalt 25-25 53-53
Iron 128 - 6330 400 - 14100
Thallium Not Detected Not Detected
Vanadium 1.1-41 Not Detected

The IM soil removal targeted arsenic. The ranges of detected arsenic concentrations in the 2003 and
2008 data sets are similar. The range of detected iron concentrations is higher in the 2008 data set
compared to the 2003 data set; however, the maximum concentrations of these data sets are within one
order of magnitude. Concentrations detected in 2008 for the remaining metals presented in the table are

similar to or less than concentrations detected in the 2003 sampling event.

No sediment samples were collected from AOC 721 after the interim removal action. However, sediment
samples were collected for the Zone J RFI in Noisette Creek both before and after the removal action. A
comparison of the results for data collected during the June 1997, December 2005, and April 2008
sampling events at sediment sample location NOIM0004 is provided in the Zone J RFI Report and

summarized below.

SVOCs detected in 2008 sediment samples included numerous PAHSs. However, sediment

concentrations of SVOCs were generally less in 2008 than in 1997 and 2005.

Copper was the only metal detected at concentrations exceeding background concentrations and USEPA
Region 4 ecological screening values (ESV) in sediment samples collected from Noisette Creek in 2008.
Copper concentrations increased slightly from 15 mg/kg in December 2005 to 19.9 mg/kg in April 2008.
Arsenic in one 2008 sample was detected at a concentration of 9.2 mg/kg, exceeding the USEPA Region

4 ESV (7.24 mg/kg) but was less than two times the average background concentration (12.0 mg/kg).
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Arsenic concentrations detected at Noisette Creek sample location NOIM0004 were 10.7 mg/kg and

5.9 mg/kg in 1997 and 2005, respectively, whereas the arsenic concentration detected for this location in
2008 was 5.0 mg/kg.

The pesticides 4,4-DDD and 4,4’-DDE were detected in one or more 2008 Noisette Creek samples.
Some detected concentrations of these pesticides slightly exceeded USEPA Region 4 ESVs. No other
pesticides or polychlorinated biphenyls (PCBs) were detected in samples collected from Noisette Creek in
2008. No pesticides or PCBs were detected in the 1997 and 2005 samples.

6.5 CONCLUSIONS

The objective of arsenic-contaminated soil excavation within the identified hot spot was satisfied. The
NOAA ER-M target levels were achieved, as confirmed by the confirmatory samples, and the IM soil

removal appears to have had a positive impact on contaminant concentrations in other media.
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7.0 HUMAN HEALTH RISK ASSESSMENT

7.1 INTRODUCTION

The human health risk assessment (HHRA) presents a quantitative and qualitative assessment of the
potential risks to public health posed by chemicals detected in soils, groundwater, surface waters, and
sediments at AOC 721 of the CNC. The risk assessment was performed to evaluate whether hazardous
substances at AOC 721 pose potential health risks to exposed individuals under current or potential

future land use.

The risk assessment addresses a variety of chemicals, environmental media, exposure pathways, and
receptors as a basis for characterizing the types and range of potential risks associated with site-related
contamination. The overall objective of the HHRA was to determine the potential for health risks in the
absence of remedial action at the site and, if action is required, to focus the evaluation of remedial action

alternatives.

The following current USEPA risk assessment guidance documents were used to develop the framework
for the HHRA:

e Risk Assessment Guidance for Superfund (RAGS): Volume |, Human Health Evaluation Manual
(Part A) (USEPA, 1989a).

e Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors.
Washington, D.C. Office of Solid Waste and Emergency Response (OSWER) Directive 9285.6 03
(USEPA, 1991a).

e Distribution of Preliminary Review Draft: Superfund’s Standard Default Exposure Factors for the
Central Tendency and Reasonable Maximum Exposure. OSWER, Washington, D.C. (USEPA,

1993a).

e Exposure Factors Handbook. Office of Health and Environmental Assessment, Washington, D.C.
EPA/600/P 95/002Fa (USEPA, 1997a).

e RAGS: Volume 1 - Human Health Evaluation Manual (Part D, Standardized Planning, Reporting, and
Review of Superfund Risk Assessments) (USEPA, 2001a).
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e Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites.
Office of Emergency and Remedial Response (OERR), Washington, D.C. OSWER 9285.6-10
(USEPA, 2002a).

e RAGS, Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk
Assessment), Final. Office of Superfund Remediation and Technology Innovation, Washington, D.C.
20460 EPA/540/R/99/005, OSWER 9285.7-02EP; PB99-963312 (USEPA, 2004).

¢ Guidelines for Carcinogen Risk Assessment (USEPA, 2005a).

e Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens
(USEPA, 2005b).

e RAGS Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation
Risk Assessment), Final. Office of Superfund Remediation and Technology Innovation, Washington,
D.C. EPA-540-R-070-002, OSWER 9285.7-82 (USEPA, 2009a)

An HHRA consists of five components - data evaluation, exposure assessment, toxicity assessment, risk
characterization, and uncertainty analysis. Sections 7.2 through 7.6 contain detailed discussions of the

five components of the HHRA.

Three major aspects of chemical contamination and environmental fate and transport were considered to
evaluate potential risks: (1) Contaminants with toxic characteristics must be found in environmental media
and must be released by either natural processes or by human action; (2) potential exposure points must
exist; and (3) human receptors must be present at the point of exposure. Risk is a function of both
toxicity and exposure. If any one of the factors listed above is absent, the exposure pathway is

incomplete, and risks are not quantitatively evaluated.

7.2 DATA EVALUATION

Data evaluation, the first component of an HHRA, is a two-step, medium-specific task involving the
compilation and evaluation of analytical data. The first step involves the compilation of the analytical
database and an evaluation of data usability for purposes of HHRA. The second step of the data
evaluation is the selection of a medium-specific list of chemicals of potential concern (COPCs) which are
used to quantitatively or qualitatively determine potential human health risks for site media. COPCs are

selected primarily based on a toxicity screen (i.e., a comparison of site contaminant concentrations to
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conservative toxicity screening values) and a background screen (i.e., a comparison of site

concentrations to background concentrations).

7.21 Data Usability

Data collected from this investigation were used to assess potential risks to human receptors. All
analytical data used in the quantitative estimation of potential risks was subject to a data quality

evaluation. A data validation summary is included in Appendix B of this RFI report.

Fixed-base laboratory analytical results for the targeted analytes for the investigation were used in the
quantitative risk evaluation. Typically, unfiltered sample results for groundwater and surface water are
used to assess risks associated with those media. Field measurements and data regarded as unreliable
(i.e., qualified as “R” during the validation process) were not used in the quantitative risk assessment.

The uncertainty associated with the rejection of analytical results is discussed in Section 7.6.

7.2.2 Selection of Chemicals of Potential Concern

This section presents the methodology for and results of the COPC selection for this HHRA.

7.2.21 Toxicity Screening Methodology

The following standards, criteria, and risk-based concentrations were used as the basis of the toxicity

screening values:

e Federal Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs) for Public
Drinking Water Supplies (USEPA, 2012a). Primary MCLs are enforceable standards promulgated
under the federal SDWA and are designed to be protective of human health. Primary MCLs are
based on laboratory or epidemiological studies and apply to public water systems. A public water
supply is defined as a system which provides water to the public for human consumption and which
has at least 15 service connections or regularly serves an average of 25 individuals daily at least
60 days per year. Primary MCLs are designed for the prevention of adverse human health effects but
also reflect the technical feasibility of removing a contaminant from groundwater. Primary (i.e., health
based) and secondary (aesthetic-based) MCLs are promulgated under the SDWA. In this HHRA,

secondary MCLs are provided for reference purposes only and are not used for COPC selection.
e USEPA RSLs for Tap Water, Soil, and for Migration from Soil to Groundwater (USEPA, 2012b).

The USEPA RSLs were developed and are maintained through a cooperative agreement between
Oak Ridge National Laboratories (ORNL) and USEPA’s Office of Superfund and are considered to be
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USEPA screening criteria. The RSLs are chemical concentrations corresponding to fixed levels of

risk:

- A Hazard Quotient (HQ) of 1 for non-carcinogenic chemicals. Adverse noncarcinogenic health

effects are not anticipated when the HQ is less than or equal to 1.

- A lifetime cancer risk of 1 x 10 for carcinogenic chemicals. A cancer risk of 1 x 10°® may be

interpreted as one additional case in one million exposed individuals.

The USEPA-recommended COPC screening levels for carcinogenic and non-carcinogenic compounds
are typically the RSL and one-tenth the RSL, respectively, when selecting COPCs for soil and for
groundwater potentially used for domestic purposes. One-tenth the RSL is recommended for non-
carcinogenic compounds to account for the potential cumulative effects of multiple compounds affecting

the same target organ.

There are no RSLs for surface water and sediment. COPCs in surface water were selected by comparing
detected site concentrations in surface water to the RSL screening level established for tap water.
COPCs in sediment were selected by comparing site concentrations to the RSL screening level
established for soil. These screening values are very conservative as surface water at AOC 721 is not
used for domestic purposes (e.g., bathing, cooking, and drinking) and exposures to sediment (particularly

those under water) are anticipated to be both less intensive and less frequent than exposures to soil.

RSLs for transfers of contaminants from soil to groundwater were not used for COPC selection but were
presented to allow a qualitative evaluation of the potential for chemical migration from soil to groundwater.
Chemicals with concentrations exceeding the RSLs for transfers from soil to groundwater may potentially

migrate from the soil to groundwater in sufficient quantities to pose concerns about groundwater quality.

e Screening Levels for Lead. Guidance from the Office of Prevention, Pesticides, and Toxic
Substances and the OSWER recommend 400 mg/kg as the lowest screening level for lead-
contaminated soil in a residential setting, where children are frequently present (USEPA, 1994a, b).
Conservatively, 400 mg/kg was used as the screening level for COPC selection for soil. However,
guidance from the USEPA Technical Review Workgroup for lead indicates that “a reasonable
screening level for soil lead at commercial/industrial (i.e., non-residential) sites is approximately
800 mg/kg” for a typical non-contact intensive worker (USEPA, 2011). The aforementioned RSL table
lists 800 mg/kg as the RSL for lead in soils assuming an industrial land use scenario. The SDWA
Action Level of 15 micrograms per liter (ug/L) was used as the screening level for lead in

groundwater.
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A site evaluation of the wetlands associated with AOC 721 was conducted in July 2004. Within the area
delineated as wetlands, some areas also met the criteria of critical habitat as defined by NOAA’'s OCRM.
All soil samples within the critical habitat were reclassified as sediment samples. Surface soil is defined
as 0- to 1-ft bgs. Table 7-1 presents the criteria that were used to select COPCs for soil and sediment.

Table 7-2 presents the criteria that were used to select COPCs for groundwater and surface water.

7.2.2.2 Background Screening Methodology

Background concentrations are concentrations that would exist in the absence of influence from site
operations. The following Navy and USEPA guidance documents were used to determine appropriate
background sampling locations and to select the most appropriate statistical methods for determining if

site concentrations differ from naturally occurring or anthropogenic background concentrations:

¢ Navy Policy on the Use of Chemical Background Levels (Navy, 2004).

e Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites. EPA
540-R-01-003. OSWER 9285.7-41. (USEPA, 2002b).

e Guidance for Characterizing Background Chemicals in Soil at Superfund Sites. USEPA OSWER and
OERR. OSWER 9285.7-41, EPA 540-R-01-003 (USEPA, 2001b).

e Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities. EPA 530/SW 89 026 and
EPA 530/R-93-003 (USEPA, 1989b and 1993b).

Background samples were obtained from locations that have not been influenced by site operations. The
development of soil, groundwater and sediment background datasets for AOC 721 is discussed in
Section 4.1.

For soil, sediment, and groundwater, a comparison of background maximum concentration to site
maximum concentrations was used to determine if site concentrations exceed background

concentrations.

7.2.2.3 Other Considerations

The essential nutrients (calcium, magnesium, potassium, and sodium) were not identified as COPCs for
AOC 721. These inorganic chemicals are naturally abundant in environmental matrices and are toxic

only at high doses.
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7.2.2.4 Decision Rules for Establishing COPCs

The applicable decision rules for the selection of COPCs are explained briefly below.

e A chemical detected in soil, sediment, or groundwater was selected as a COPC if, on a media-
specific basis, any detected chemical concentration exceeded the screening levels and the

background screening level.

e A chemical detected in surface water was selected as a COPC for surface water if the maximum
detected concentration in a potentially impacted surface water body exceeded the screening level
based on the tap water RSL. A site-specific background surface water dataset is not available for
AOC 721.

7.2.3 COPCs Selected for HHRA

Chemicals of potential concern at AOC 721 were selected for surface soil, groundwater, surface water,
and sediment using the methodology described in Section 7.2.2. A media-specific discussion of the
chemicals identified as COPCs and the rationale for COPC selection are provided in the following
subsections. COPC selection tables are presented in Tables 7-3 through 7-7. Chemicals retained as
COPCs for AOC 721 are presented in Table 7-8.

7.2.31 Surface Soil

Twenty-one metals were detected in AOC 721 surface soil samples. A comparison of the maximum
detected surface soil concentrations to screening levels based on USEPA RSLs for residential exposures
is presented in Table 7-3. The following chemicals were detected in surface soil at maximum
concentrations exceeding the direct contact risk-based COPC screening levels and background

concentrations, and were retained as COPCs for surface soil at AOC 721.

¢ Inorganics (arsenic, cobalt, iron, and thallium)

Concentrations of chromium exceeded the RSL-based screening levels; however, chromium
concentrations were within background levels. Chromium was not selected as a COPC for quantitative

risk assessment; however, it was further evaluated in the uncertainty section of the HHRA.

Although arsenic was selected as a COPC, note that the maximum concentration of arsenic (92.7 mg/kg)

only slightly exceeds the AOC 721 background value (92 mg/kg). Eight other surface soil samples were
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analyzed for arsenic, and detected concentrations of arsenic in those samples were less than the

background value.

A comparison of the maximum detected surface soil concentrations to screening levels based on USEPA
RSLs for chemical migration from soil to groundwater is presented in Table 7-4. Chemicals detected in
surface soil at maximum concentrations exceeding the COPC screening levels for migration from soil to
groundwater and background are discussed below; note that mercury and selenium are not present in

groundwater at concentrations exceeding the RSL value.

e Inorganics (arsenic, cobalt, iron, mercury, selenium, and thallium)

Maximum concentrations of antimony, chromium, copper, lead, manganese, and nickel also exceeded

RSLs; however, these inorganics were determined to be within background levels.

7.2.3.2 Groundwater

Five SVOCs, one pesticide, and 23 inorganics were detected in groundwater samples collected at AOC
721. A comparison of the maximum detected groundwater concentrations to screening levels based on
USEPA RSLs for tap water and USEPA MCLs is presented in Table 7-5. The following chemicals were
detected in groundwater at maximum concentrations exceeding the direct contact risk-based COPC

screening levels or MCLs and background, and were retained as COPCs for groundwater at AOC 721:

e SVOCs [bis(2-ethylhexyl) phthalate]
e Pesticides (heptachlor)
e Inorganics (aluminum, antimony, arsenic, chromium, cobalt, iron, manganese, thallium, and

vanadium)

As noted previously, mercury and selenium were detected in concentrations greater than the RSL for soil
migration to groundwater; however, these chemicals were not detected in groundwater at concentrations
greater than the RSL or MCL.

7.2.3.3 Sediment

One VOC, 13 SVOCs, and 23 metals were detected in the sediment samples collected from AOC 721
(Table 7-6). As discussed in Section 7.2.2.1, risk-based screening levels for residential soil were used as
the screening criteria for sediment. The following chemicals were detected in sediments at maximum
concentrations exceeding the risk-based COPC screening levels and background for sediment and were
retained as COPCs at AOC 721:
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e SVOCs [benzo(a)anthracene]

e Inorganics (aluminum, arsenic, cobalt, iron, manganese, thallium, and vanadium)

Concentrations of benzo(a)pyrene, benzo(a)pyrene equivalents, benzo(b)fluoranthene, and chromium

also exceeded the RSLs but were within background concentrations.

7.2.34 Surface Water

Eight metals were detected in the surface water samples collected from AOC 721 (Table 7-7). As
discussed in Section 7.2.2.1, risk-based screening levels for tap water were used as the screening criteria
for surface water. Arsenic, cobalt, and thallium were the only chemicals detected in surface water at
maximum concentrations exceeding the risk-based COPC screening levels for surface water, and thus,
arsenic, cobalt, and thallium were surface water COPCs. However, potential receptors are not expected
to be exposed to surface water at AOC 721 because surface water at the site is limited to a drainage
ditch and small pond. Since human exposure is unlikely, COPCs retained for surface water (arsenic,
cobalt, and thallium) were not further evaluated in this HHRA. Also, the arsenic concentration in
Table 7-7 is less than the current SDWA MCL, and cobalt and thallium were detected in one sample only.
The thallium and cobalt concentrations reported represent relatively marginal exceedances of the SDWA

MCL for thallium and the RSL-based screening level for cobalt, respectively.

7.235 Summary

Table 7-8 summarizes the chemicals retained as COPCs for soil, groundwater, surface water, and
sediment at AOC 721. The associated RAGS Part D tables for COPC selection are included in
Appendix C.

7.3 EXPOSURE ASSESSMENT

The exposure assessment component of a baseline HHRA defines and provides a means to evaluate,
quantitatively or qualitatively, the type and magnitude of human exposure to chemicals present at or
migrating from a site. A foundation of the exposure assessment is the conceptual site model (CSM),
which identifies site characteristics including potential contaminant sources, contaminant release
mechanisms, transport routes, receptors, and other appropriate information. CSMs consider both current

and future land use scenarios for AOC 721.

Estimated chemical intakes developed during the exposure assessment are evaluated for complete

exposure pathways in the risk characterization to produce quantitative estimates of cancer and non-

091005/P 7-8 CTO JM62



REVISION 2
MAY 2013

cancer risk. A complete exposure pathway has three components: 1) a source of chemicals that can be
released to the environment, 2) a route of contaminant transport through an environmental medium, and

3) an exposure or contact point for a human receptor.

7.31 Sources of Environmental Contamination

A coal storage facility was located within the adjacent SWMU 44 from 1941 until 1996. Coal was stored
in piles, and the amount of coal stored at the facility varied over time. An aerial photograph from 1957
indicates that the coal storage area extended into the southeastern portion of AOC 721. Based on
available historical information, sources of contamination at AOC 721 include filling of the marsh with

dredge material and the storage of coal.

7.3.2 Potential Contaminant Migration Routes

Past operations at AOC 721 have resulted in the release of contaminants to soil, groundwater, and
sediment. Past activities at the site include filling of the marsh with dredge material and the storage and
use of coal. Contaminants from past use may be transported to other environmental media by a variety

of mechanisms.

Transport with groundwater. Shallow groundwater flow directions in 2002 were north and north-
northwest toward Noisette Creek with recharge to the surficial aquifer at AOC 721 occurring by direct
recharge from precipitation and by lateral flow from upgradient areas of Zone C. This allows for the
migration of soil contaminants through the soil to groundwater. From a risk assessment perspective, the
migration of contaminants from contaminated soils to the underlying groundwater is an important pathway

for consideration.

Surface soil contaminant transport via wind erosion, surface water runoff, and vaporization.
Chemicals adsorbed to soil particulates of AOC 721 may be transported off-site by wind erosion. The
particulates (fugitive dusts) may then be deposited off-site if the grain size is small enough and the wind
speed is great enough. Adsorbed chemicals could also be transported offsite by surface water runoff
during rain events. The bulk coal historically stored at SWMU 44 and AOC 721 was identified as the
likely source of site soil and stormwater runoff contamination. As a result, an IM removal of coal and
contaminated soil was conducted in 1996. Additional soil removals were conducted in 2001 at SWMU 44
and 2005 at AOC 721. Additionally, contaminants may be released from the soil by volatilization if
present at significant concentrations. However, volatile chemicals were not identified as COCs in surface

soil.
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7.3.3 Potential Current and Future Receptors of Concern and Exposure Pathways

AOC 721 is currently used for industrial purposes. The removal action was anticipated to allow the site to
be classified for unrestricted use. Recreational users, trespassers, construction workers, or typical

occupational workers are the most plausible receptors for AOC 721.

Table 7-9 provides exposure pathways considered and the basis for inclusion or exclusion of each
exposure pathway for each receptor for AOC 721. Table 7-10 provides a summary of the potential
receptors and exposure routes that are addressed quantitatively in the HHRA. Based on current and
potential future land use, the following potential receptors may be exposed to contaminated

environmental media at AOC 721:

e Construction Workers — A plausible on-site receptor under future land use. Although there are no
major construction activities currently on-site, future excavation and construction at AOC 721 is
plausible. Consequently, construction workers could be exposed to surface soils (incidental
ingestion; dermal contact; inhalation), and groundwater (incidental ingestion, dermal contact). It
should be noted that significant exposures by a construction worker to groundwater and sediments
are unlikely because if a construction worker is going to have prolonged contact with groundwater
then he/she would most likely wear protective clothing such as rubber boots and/or hip waders, which
would limit exposure. In addition, most excavation activities would utilize construction equipment
such as a backhoe, which would limit a construction worker's exposure. Also, if significant
groundwater was encountered during an excavation of a trench or foundation, the groundwater would
most likely be pumped out of the excavation so that the construction activities could be completed. A

conservative approach was taken and groundwater was included in the assessment.

e Typical Industrial Worker — An on-site receptor under current/future land use. This includes
personnel assigned to work full-time at AOC 721. This receptor could be exposed to surface soil
(incidental ingestion; dermal contact; inhalation). It is anticipated that this receptor would not be
routinely exposed to groundwater or sediments. This receptor is expected to be exposed to surface

soils on a more frequent basis (but less intensely) than the construction worker.

o Trespassers — A plausible receptor under current and future land use. A trespasser may be exposed
to potentially contaminated surface soil (incidental ingestion; dermal contact; inhalation), and
sediment (incidental ingestion, dermal contact). Direct contact with groundwater is not anticipated for

this receptor.
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¢ Recreational Users — A plausible receptor under future land use only. Recreational activities do not
currently occur at AOC 721 and there are no formal recreational facilities within the actual AOC 721
boundaries. Recreational users may be exposed to potentially contaminated surface soil (incidental
ingestion; dermal contact; inhalation), and sediment (incidental ingestion; dermal contact). Direct

contact with groundwater is not anticipated for this receptor.

e Future On-site Residents — A future residential scenario, assuming AOC 721 ultimately is used for
residential development, is typically evaluated in a risk assessment for decision-making purposes.
For example the need for deed restrictions at a site may be eliminated prior to site closure if minimal
risks are estimated for residential receptors. It is assumed that the hypothetical resident may be
exposed to surface soils (incidental ingestion, dermal contact, inhalation), groundwater (ingestion,

dermal contact), and sediment (ingestion, dermal contact).

No volatile COPCs were identified for groundwater for the vapor intrusion pathway, as the only volatile
chemical detected in groundwater (acetophenone) is not toxic via the inhalation pathway. Consequently,
inhalation of chemicals that have volatilized from groundwater to the indoor air of a building were not
evaluated in this HHRA. Additionally, construction workers and hypothetical residents were not evaluated
for inhalation of vapors from groundwater because no volatile chemicals were selected as groundwater
COPCs.

7.3.4 Calculation of Exposure Point Concentrations

The exposure point concentration (EPC), which is calculated for COPCs only, is an estimate of the
chemical concentration within an exposure unit (EU) likely to be contacted over time by a receptor and is
used to estimate exposure intakes. An EU is defined as the area typically encountered/traversed by a
receptor under a particular land use scenario. For example, a residential lot size of 4 acre to 2 acres is
often used for the evaluation of a hypothetical future resident. However, the size of an EU selected for
HHRA is typically based on the distribution of the chemical concentrations in a medium as well as on

presumed receptor activity patterns.
One EU was evaluated for AOC 721. The following guidelines were used to calculate the EPCs:
¢ If a soil or sediment data set for an EU contains less than 10 samples or has fewer than 4 detected

results, the EPC for the reasonable maximum exposure (RME) case was defined as the maximum

detected concentration.
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e If a soil or sediment data set for an EU contains 10 or more samples, the 95 percent upper
confidence limit (UCL) on the arithmetic mean, which was based on the distribution of the data set,
was selected as the EPC for the RME case. EPCs were calculated following USEPA’s Calculating
Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites (USEPA,
2002a) and using USEPA’s ProUCL Version 4.1.01 (USEPA, 2010a).

e For groundwater, the maximum detected concentration of all results was conservatively selected as
the EPC for the RME case.

Table 7-11 summarizes the EPCs used in this HHRA. RAGS Part D Tables for the EPCs are presented
in Appendix C.

7.3.5 Chemical and Intake Estimation

The methodologies and techniques used to estimate exposure intakes are presented in this section.
Traditionally, exposures evaluated in the HHRA are based on the concept of an RME, which is defined as

"the maximum exposure that is reasonably expected to occur at a site" (USEPA, 1989a).

Intakes for the identified potential receptor groups are calculated using current USEPA risk assessment
guidance and are presented in the risk assessment spreadsheets. Risk assessment results are
presented in tables using the USEPA RAGS Part D format. Exposure assumptions for all receptors and

exposure pathways used to estimate chemical intakes in the HHRA are summarized in Table 7-12.

Exposures at AOC 721 are dependent on the predicted concentrations of chemicals in environmental
media and local land use practices, and both are subject to change over time. There are a large number
of possible combinations of receptors, media, exposure pathways, and concentrations. Table 7-10
presents a summary of the receptors and exposure pathways to be evaluated in the quantitative risk

assessment. The exposure assumptions reflect current USEPA guidance.

Noncarcinogenic intakes are estimated using the concept of an average annual exposure. Carcinogenic

intakes are calculated as an incremental lifetime exposure, which assumes a life expectancy of 70 years.

7.3.51 Incidental Ingestion of Soil

Direct physical contact with surface and/or subsurface soil at AOC 721 may result in the incidental
ingestion of chemicals. Chemical intake for the incidental ingestion of soil was estimated using the
following equation (USEPA, 1989a):
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BW)AT)
where:

Intake = intake of chemical from soil (mg/kg/day)
Cesoil = concentration of chemical in soil (mg/kg)
IRs = ingestion rate (mg/day)
Fl = fraction ingested from contaminated source (dimensionless)
EF = exposure frequency (days/yr)
ED = exposure duration (yr)
CF = conversion factor (1 x 10°® kg/mg)
BW = body weight (kg)
AT = averaging time (days);

for noncarcinogens, AT = ED x 365 daysl/yr;
for carcinogens, AT = 70 yr x 365 days/yr

The majority of the exposure assumptions that were used to estimate chemical intakes from incidental
ingestion of soil were based on default assumptions described in the standard USEPA guidance and are
summarized in Table 7-12. The following paragraph details the non-default receptor-specific exposure

assumptions (for incidental ingestion of soil) that were used in the HHRA.

There are no USEPA default recommendations for the exposure frequency for the construction worker,
trespasser, or recreational user potentially exposed to soil. Consequently the following values were
derived based on professional judgment. It is assumed that construction workers engaged in future
excavation projects at AOC 721 are exposed to soil for 150 days a year for one year under the RME
scenario. Recreational users are assumed to be exposed to soil 2 days per week (or approximately
100 days a year) under the RME scenario. It is assumed that adolescent trespassers are exposed to

soils 40 days a year under the RME scenario.

A summary of the receptor-specific input values that will be used to estimate chemical intakes from

incidental ingestion of soil are presented in Table 7-12 for RME exposure scenarios.

7.3.5.2 Dermal Contact with Soil

Direct physical contact with soil may result in the dermal absorption of chemicals. Exposure associated

with dermal contact with soil was estimated using the following equation (USEPA, 2004):
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where:

Intake = amount of chemical absorbed during contact with soil (mg/kg/day)
Cesoil = concentration of chemical in soil (mg/kg)
SA = skin surface area available for contact (cm?2)
AF = skin adherence factor (mg/cm2/event)
ABS = absorption factor (dimensionless)
CF = conversion factor (1 x 10 kg/mg)
EV = event frequency (events/day)
EF = exposure frequency (days/yr)
ED = exposure duration (yr)
BW = body weight (kg)
AT = averaging time (days);

for noncarcinogens, AT = ED x 365 daysl/yr;
for carcinogens, AT = 70 yr x 365 days/yr

The maijority of the exposure assumptions that were used to estimate chemical intakes from dermal
contact with soil are based on default assumptions described in the standard USEPA guidance and are
summarized in Table 7-12. The following paragraphs detail the non-default receptor-specific exposure

assumptions (for dermal contact with soil) that were used in the HHRA.

The exposed skin surface areas of the body available for dermal contact with soils are determined on a
receptor-specific basis since they correspond with assumed human activities and clothing worn during
exposure events. With the exception of the skin surface area recommended for the adolescent
trespasser, all of the skin surface areas presented in Table 7-12 are based on USEPA default values.
Current guidance (USEPA, 1997a, 2004) was used to develop the skin surface area available for contact

for the adolescent trespasser:

e For the adolescent trespasser, the skin surface area available for soil contact is 3,850 square

centimeters (sz) (which assumes that the lower arms, hands, lower legs, and feet are exposed).

A summary of the receptor-specific input values that were used to estimate chemical intakes from dermal
contact with soil are presented in Table 7-12 for RME exposure scenarios. The same exposure
frequencies and durations recommended for the evaluation of the incidental ingestion of soil were used to

estimate chemical intakes for dermal contact with soil. The soil adherence factors presented are those
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listed in Exhibits 3.3 and 3.5 of RAGS Part E. To the extent possible, chemical specific dermal absorption
factors provided in USEPA RSL table/RAGS Part E were used to evaluate the COPCs for soil. USEPA
Region 4 dermal absorption factors of 0.01 for organics and 0.001 for inorganics were used for chemicals
that do not have dermal absorption factors in the USEPA RSL table/RAGS Part E.

7.3.5.3 Inhalation of Air Containing Fugitive Dust/Volatiles Emitted from Soil

Intakes of both particulates and vapors/gases are calculated using the same equation, as follows
(USEPA, 2009a):

¢ (C.)ET)EF)ED)

AT x 24 hours/ day
where:
EC = exposure concentration (mg/m®)
Cair = concentration of chemical in air (mg/m°)
ET = exposure time (hours/day)
EF = exposure frequency (days/yr)
ED = exposure duration (yr)
BW = body weight (kg)
AT = averaging time (days);

= for noncarcinogens, AT = ED x 365 days/yr;
= for carcinogens, AT = 70 yr x 365 days/yr

Some of the exposure assumptions that will be used to estimate chemical intakes from inhalation of
fugitive dusts/volatile emissions from surface soils are based on default assumptions described in the
standard USEPA guidance and are summarized in Table 7-12. The same exposure frequencies and
durations used to estimate incidental ingestion of soil intakes are used to estimate exposure via inhalation

of fugitive dust/volatile emissions for surface soil.

The concentrations of chemicals in air resulting from emissions from soil are developed following
procedures presented in USEPA Soil Screening Guidance (USEPA, 2002¢). The chemical concentration

in air is calculated from:

Cair = Csoil x L-i_i
PEF ' VF
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Cair = chemical concentration in air, mg/m3
Cs = chemical concentration in soil, mg/kg
PEF = particulate emission factor, m3/kg
VF = volatilization factor, m®kg

No volatile COPCs were identified in soil; therefore, C,; is equal to:

Cair = Csoil x L
PEF

The particulate emissions factor (PEF) relates the concentration of the chemical in soil with the
concentration of dust particles in air. A PEF value of 9.63 x 10*° m3/kg was obtained from USEPA’s Soil
Screening Internet site located at http://rais.gov/epa/ssi1.shtml. This is the default value for Charleston,
South Carolina, which is the closest city to the CNC listed on the Internet site. Because air emissions
resulting from fugitive dust emissions settings will be different than dust emissions generated during
construction activities, a separate PEF was used for construction activities. The PEF for construction
workers (1.27 x 10*® m3/kg) was calculated using the equations presented in the supplemental Soil
Screening Level (SSL) guidance document (USEPA, 2002c). A sample calculation showing how the PEF

was calculated is presented in Appendix C.

7.3.54 Ingestion of Groundwater

Ingestion of groundwater at AOC 721 is expected to be limited to exposure that would occur under a
future residential scenario and the incidental ingestion of groundwater by a construction worker.
Hypothetical future on-site residential receptors are conservatively assumed to use groundwater as a
potable water source and may be exposed to groundwater via direct ingestion. Groundwater exposure
for hypothetical future on-site residents would occur on a daily basis. Ingestion of groundwater is not
expected by receptors engaged in recreational activities (i.e., the adult recreational user, the hypothetical

future on-site residents, and trespassers) or the typical industrial worker.

Chronic daily intakes (CDI) associated with ingestion of groundwater were evaluated using the following
equation (USEPA, 1989a):

(Cqw ICF)IRXET)EF)ED)

Intake =
niake (BW)AT)
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Intake = intake of chemical from groundwater (mg/kg/day)
Cgw = concentration of chemical in groundwater (ug/L)
CF = conversion factor (0.001 mg/ug)
IR = ingestion rate for groundwater (L/day) (IR term for residential receptor)
IR = ingestion rate for groundwater (L/hr) (IR term for

construction worker exposure to groundwater receptors)
EF = exposure frequency (days/yr)
ET = exposure time (hrs/day) (construction workers receptors;

not applied to intake calculation for resident exposed to groundwater)
ED = exposure duration (yr)
BW = body weight (kg)
AT = averaging time (days);

for noncarcinogens, AT = ED x 365 daysl/yr;
for carcinogens, AT = 70 yrs x 365 days/yr

The majority of the exposure assumptions that were used to estimate chemical intakes from ingestion of
groundwater are based on default assumptions described in the standard USEPA guidance and are

summarized in Table 7-12.

There are no USEPA default recommendations for incidental ingestion of groundwater by a construction
worker. Therefore, under RME scenarios the contact rate of 0.01 liters per hour (L/hr) (USEPA, 2000a)
was used for the incidental ingestion rate for construction workers exposed to groundwater. The
construction worker exposure to groundwater is assumed to occur for four hours per day for 90 days per

year under the RME scenario.

7.3.5.5 Dermal Contact with Groundwater

Direct contact with groundwater at AOC 721 is expected to be limited to exposure that would occur under
future on-site residential and construction scenarios. Hypothetical future on-site residential receptors are
assumed to use groundwater for domestic purposes (e.g., bathing, showering, washing dishes), that can
result in a dermal exposure. A construction worker may be dermally exposed to shallow groundwater
during potential future excavation activities at AOC 721. Direct contact with groundwater is not expected

by receptors engaged in recreational activities.

The following equation was used to assess exposures resulting from dermal contact with groundwater
(USEPA, 2004):
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DAD — (DAgvent (EV)ED)EF)A)

(BW)AT)
where:
DAD = dermally absorbed dose of chemical from water (mg/kg/day)
DAgvent = dermally absorbed dose per event (mg/cm? event)
EV = event frequency (events/day)
ED = exposure duration (yr)
EF = exposure frequency (days/yr)
A = skin surface area available for contact (cm?2)
BW = body weight (kg)
AT = averaging time (days);

for noncarcinogens, AT = ED x 365 days/yr;
for carcinogens, AT = 70 yrs x 365 days/yr

The majority of the exposure assumptions that were used to estimate chemical intakes from dermal
contact with groundwater are based on default assumptions described in the standard USEPA guidance
and are summarized in Table 7-12. The following paragraphs detail the non-default receptor-specific

exposure assumptions (for dermal contact with groundwater) that were used in the HHRA.

e Exposed surface areas of the body available for dermal contact were determined on a receptor-
specific basis since they correspond with assumed human activities and clothing worn during

exposure events.

The absorbed dose per event (DA.,nt) Was estimated using a non-steady-state approach for organic
compounds and a traditional steady-state approach for inorganics. For organics, the following equations

apply:

If tayen: < 1%, then: DA en = 2FANK, JCqu JC F){E}

T

1+B

2
If tayent <t then: DA gyen = (FANK, JCqu XCF{tevent N 2{1 +3B+3B H

(1+BY
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where:

DAcvent = absorbed dose per event (mg/cm2-event)

FA = fraction absorbed (dimensionless) — chemical specific

tevent = duration of event (hr/event)

t* = time it takes to reach steady-state conditions (hr)

Kp = permeability coefficient from water through skin (cm/hr)

Cgw = concentration of chemical in ground water (ug/L)

T = lag time (hr)

* = constant (dimensionless; equal to 3.14159)

CF = conversion factor (1 x 106 L-mg/cm3-ug)

B = partitioning constant derived by Bunge Model (dimensionless)

Values for the chemical-specific parameters (t*, K, FA, ©, and B) were obtained from the current dermal

guidance (USEPA, 2004, Exhibit B-3). If published values were not available for a particular compound;

they were calculated using equations provided in the USEPA dermal guidance.

The following steady-state equation was used to estimate DA, fOr inorganics:

DAevent = (Kp ngw Xtevent)

The dermal permeability (K,) values recommended in the USEPA dermal guidance (USEPA, 2004) were

be used to calculate DAg, et for inorganic COPCs.

A summary of the receptor-specific input values that were used to estimate chemical intakes from dermal

contact with groundwater are presented in Table 7-12 for RME exposure scenarios.

7.3.5.6 Incidental Ingestion of Sediment

Direct physical contact with sediment may result in the incidental ingestion of chemicals while receptors
(i.e., the child and adult recreational users, the hypothetical future on-site residents, and trespassers) are
involved in recreational activities (e.g., wading). Chemical intake for incidental ingestion of sediment was

estimated using the following equation (USEPA, 1989a):

Intake = (Csd)(|R)(F|)(EF)(ED)(C|:)
T T BwWYAT)

091005/P 7-19 CTO JM62



REVISION 2

MAY 2013

where:

Intake = intake of chemical from sediment (mg/kg/day)

(O = concentration of chemical in sediment (mg/kg)

IR = ingestion rate (mg/day)

Fl = fraction ingested from contaminated source (dimensionless)

EF = exposure frequency (days/yr)

ED = exposure duration (yr)

CF = conversion factor (1 x 106 kg/mg)

BW = body weight (kg)

AT = averaging time (days);

for noncarcinogens, AT = ED x 365 daysl/yr;
for carcinogens, AT = 70 yr x 365 days/yr

The majority of the exposure assumptions that were used to estimate chemical intakes from incidental
ingestion of sediment are based on default assumptions described in the standard USEPA guidance and
are summarized in Table 7-12. The following paragraph details the non-default receptor and pathway-

specific exposure assumptions (for incidental ingestion of sediment) that were used in the HHRA.

There are no USEPA default exposure assumptions for recreational exposure to sediment.
Conservatively, the soil ingestion rates presented in Table 7-12 are also used as sediment ingestion
rates. Because most of the sediments are routinely covered by surface water, the fraction ingested (FI)
from the contaminated source is set at 0.5 (or 50 percent) for all exposed receptor groups. The Fl of 0.5
is based on the assumption that sediment exposure at AOC 721 is anticipated to be less intense and to
occur over shorter periods of time than is typically assumed for soils. It is assumed that receptors would
be exposed to sediment 3 days per week during the warm weather months (or approximately 36 days a

year) under the RME scenario.

7.3.5.7 Dermal Contact with Sediment

Direct physical contact with sediment may result in the dermal absorption of chemicals while receptors
(i.e., the child and adult recreational users, the hypothetical future on-site residents, and trespassers) are
involved in recreational activities (e.g., wading). Exposure associated with dermal contact with sediment

was estimated using the following equation (USEPA, 2004):

(Csq XSAYAF)ABS)CFXEV)EF)ED
BW)AT)

Intake =

091005/P 7-20 CTO JM62



REVISION 2

MAY 2013
where:
Intake = amount of chemical absorbed during contact with sediment
(mg/kg/day)
Csq = concentration of chemical in sediment (mg/kg)
SA = skin surface area available for contact (cm?2)
AF = skin adherence factor (mg/cm2-event)
ABS = absorption factor (dimensionless)
CF = conversion factor (1 x106 kg/mg)
EV = event frequency (events/day)
EF = exposure frequency (days/yr)
ED = exposure duration (yr)
BW = body weight (kg)
AT = averaging time (days);

for noncarcinogens, AT = ED x 365 days/yr;
for carcinogens, AT = 70 yr x 365 days/yr

A summary of the receptor-specific input values that were used to estimate chemical intakes from dermal
contact with sediment are presented in Table 7-12 for RME exposure scenarios. The skin surface areas
are those previously specified for receptor exposure to soils. The same exposure frequency, exposure
duration, and fraction ingestion assumptions used for the evaluation of the incidental ingestion of
sediment exposure pathway were used to estimate chemical intakes for dermal contact with sediment.
The adherence factors presented were selected from those listed in Exhibits 3.3 and 3.5 of RAGS Part E.
To the extent possible, chemical specific dermal absorption factors provided in RAGS E were used to
evaluate the COPCs for sediments. USEPA Region 4 dermal absorption factors of 0.01 for organics and
0.001 for inorganics were used for chemicals that do not have dermal absorption factors in the USEPA
RSL table/RAGS Part E.

7.3.5.8 Assessing Cancer Risks from Early Life Exposures

USEPA’s Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens
(USEPA, 2005b) recommends making adjustments to the toxicity of carcinogenic chemicals that act via
the mutagenic mode of action when evaluating early-life exposures. The guidance recommends using
age-dependent adjustment factors (ADAFs) combined with age-specific exposure estimates when
assessing cancer risks. In the absence of chemical-specific data, the supplement guidance recommends
the following default adjustments, which reflect the fact that cancer risks are generally higher from early-

life exposures than from similar exposures later in life:
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e For exposures before 2 years of age (i.e., spanning a 2-year interval from the first day of birth until a

child’s second birthday), a 10-fold adjustment.

e For exposures between 2 and 16 years of age (i.e., spanning a 14-year time interval from a child’s

second birthday until their sixteenth birthday), a three-fold adjustment.

e For exposures after turning 16 years of age, no adjustment.

The adjustments were applied using the same method as that used by ORNL in the development of
RSLs. Adolescents were evaluated as one age group, ages 6 to 16 years. Children were evaluated as
two age groups, ages 0 to 2 years and ages 2 to 6 years, and adults were evaluated as two age groups,
ages 6 to 16, and ages greater than 16 years old. Using this approach, the intakes for child and adult

recreational users, adolescent trespassers, and hypothetical residents were calculated as follows:

Ir"takeChild = Irltake(ages 0 -2 years) X 10 + Intake(ages 2 -6 years) X 3
IrnakeAdolescent = Intake(ages 6-16 years) x3

IntakeAdult = Intake(ages 6 — 16 years) X3+ Ir1J[ake(ages > 16 years)

The above approach was used only for those chemicals that are identified as mutagenic in the RSL table
(e.g., hexavalent chromium, benzo(a)pyrene). Sample calculations showing how this approach was

applied are included in Appendix C.

7.4 TOXICITY ASSESSMENT

The objective of a toxicity assessment is to identify the potential for human health hazards and adverse
effects in exposed populations. Quantitative estimates of the relationship between the magnitude and
type of exposures and the severity or probability of human health effects will be defined for the identified
COPCs. Quantitative toxicity values [cancer slope factors (CSFs), inhalation unit risks (IURs), reference
doses (RfDs), and reference concentrations (RfCs)] determined during this component of the risk
assessment will be integrated with outputs of the exposure assessment to characterize the potential for
adverse health effects for each receptor group. A cancer slope factor/unit risk factor is an indicator of the
potency of a chemical carcinogen (i.e., the greater the CSF/IUR, the more potent the carcinogen). An
RfD/RfC is the dose/concentration at which or below which adverse non-carcinogenic effects are not

anticipated.
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7.41 Sources Of Toxicity Criteria

Oral and inhalation toxicity criteria used in the site-specific risk assessments were obtained from the
following primary USEPA sources (USEPA, 2003a).

e Tier 1 - Integrated Risk Information System (IRIS) (Online).

e Tier 2 - USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) — The Office of Research and
Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk
Technical Support Center develops PPRTVs on a chemical specific basis when requested by

USEPA’s Superfund program.

e Tier 3 - Other Toxicity Values — These sources include but are not limited to California Environmental
Protection Agency (Cal EPA) toxicity values, the Agency for Toxic Substances and Disease Registry
(ATSDR) Minimal Risk Levels (MRLs), and the Annual Health Effects Assessment Summary Tables
(HEAST) (USEPA, 1997b).

Although toxicity criteria can be found in several toxicological sources, USEPA's IRIS on line database is
the preferred source of toxicity values. This database is continuously updated and values presented have

been verified by USEPA. The toxicity criteria for COPCs are presented in Tables 7-13 through 7-16.

7.4.2 Toxicity Criteria for Dermal Exposure

RfDs and CSFs found in the literature are frequently expressed as administered doses; therefore, these
values are considered to be inappropriate for estimating the risks associated with dermal routes of
exposure. Oral dose-response parameters based on administered doses must be adjusted to absorbed

doses before the comparison to estimated dermal exposure intakes is made.

When oral absorption is essentially complete (i.e., 100 percent), an absorbed dose is equivalent to the
administered dose, and therefore no toxicity adjustment is necessary. Conversely, when the
gastrointestinal absorption of a chemical is poor (e.g., 1 percent), the absorbed dose is smaller than the
administered dose; thus, toxicity factors based on absorbed dose should be adjusted to account for the
difference in the absorbed dose relative to the administered dose. USEPA (2004) recommends a
50 percent absorption cut-off to reflect the intrinsic variability in analyzing absorption studies. Therefore,
the adjustment from administered to absorbed dose was performed only when the chemical specific
gastrointestinal absorption efficiency was less than 50 percent. The adjustment from administered to

absorbed dose was made using chemical-specific absorption efficiencies published in available guidance
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[i.e., USEPA 2004 (the primary reference), IRIS, ATSDR toxicological profiles, etc] and the following

equations:

RfDdermal = (RfDora|)(ABSG|)

CS I:dermal = (CSForaI)/(ABSGI)

where: ABSg, = absorption efficiency in the gastrointestinal tract

RfDgermal = RfD for the dermal route of exposure
RfDgral = RfD for the oral route of exposure
CSF germal = CSF for the dermal route of exposure
CSForal = CSF of the oral route of exposure

As noted above, the preceding adjustment of the oral toxicity criteria (e.g., RfDs, CSFs) was necessary to
allow quantitative evaluation of the dermal route of exposure in the baseline risk assessment. An
explanation of this procedure and the need for this procedure are presented in Appendix A of USEPA
(1989a) RAGS Part A.

743 Toxicity Criteria for the Carcinogenic Effects of PAHs

Limited toxicity values are available to evaluate the carcinogenic effects from exposure to benzo(a)pyrene
and related PAHs. Benzo(a)pyrene, which is classified by USEPA as a probable human carcinogen, is
the most extensively studied of these compounds. Although CSFs are available for benzo(a)pyrene,
insufficient data are available to calculate CSFs for other related PAHs. The toxic effects of these
chemicals were evaluated using toxicity equivalency factors (TEFs) based on the potency of each
compound relative to that of benzo(a)pyrene, as presented in current USEPA guidance (USEPA, 1993c).
TEFs are used to convert each individual PAH concentration into an equivalent concentration of

benzo(a)pyrene.

USEPA’s Guidelines for Carcinogen Risk Assessment (USEPA, 2005a) and Supplemental Guidance of
Assessing Susceptibility from Early Life Exposure to Carcinogens (USEPA, 2005b) specifies the use of
ADAFs for carcinogens that act via the mutagenic mode of action, including benzo(a)pyrene and related
PAHs. No chemical-specific ADAFs have been derived for these PAHSs; therefore, the following default
ADAFs were used: 10 for ages 0-2, three for ages 2-16, and 1 (no adjustment) for ages 16-70. These
ADAFs were used to evaluate exposures to benzo(a)pyrene equivalents for adolescent trespassers,
recreational users, and hypothetical residents using the approach presented in Section 7.3.5.8.
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74.4 Toxicity Criteria for Chromium

Toxicity criteria are available for different forms of chromium (trivalent and hexavalent), where the
hexavalent form is considered to be more toxic. In the absence of speciating the chromium into its
different valence states, it is conservatively assumed that the all the chromium exists in its hexavalent
form. Hexavalent chromium has carcinogenic and noncarcinogenic toxicity factors. However, hexavalent
chromium is a carcinogen that acts via a mutagenic mode of action. USEPA Guidelines for Carcinogen
Risk Assessment (2005a) and Supplemental Guidance of Assessing Susceptibility from Early-Life
Exposure to Carcinogens (2005b) specify the use of ADAFs for carcinogens that act via a mutagenic
mode of action. No chemical-specific ADAF is available for hexavalent chromium; therefore, USEPA’s
default ADAFs are applied to the carcinogenic toxicity factors for hexavalent chromium. The following
default ADAFs should be applied: 10 for ages 0 to 2, 3 for ages 2 to 16, and 1 (no adjustment) for ages
16 to 70. The ADAFs were used in evaluating exposures to chromium (selected as a COPC for
groundwater only) for hypothetical residents using the approach presented in Section 7.3.5.8.
Noncarcinogenic effects are evaluated like all noncarcinogens in accordance with USEPA’s risk

assessment guidance (1989a).

7.5 RISK CHARACTERIZATION

Potential risks (noncarcinogenic and carcinogenic) for human receptors resulting from the potential
exposures outlined in the exposure assessment are quantitatively determined during the risk
characterization component of the baseline HHRA. The quantitative estimates of risk are calculated in

accordance with the risk assessment methods outlined in USEPA guidance (USEPA, 1989a).

7.51 Quantitative Analysis of Chemicals

Quantitative estimates of risk for chemicals other than lead are calculated according to risk assessment
methods outlined in USEPA guidance (USEPA, 1989a). Lifetime cancer risks are expressed in the form
of dimensionless probabilities, referred to as incremental lifetime cancer risks (ILCRs), based on CSFs or
IURs. Noncarcinogenic risk estimates are presented in the form of HQs that are determined through a

comparison of intakes with published RfDs or RfCs.

ILCR estimates are generated for each COPC using estimated exposure intakes and published
CSFs/IURs, as follows:

ILCR = (Estimated Exposure Intake)(CSF)

or
ILCR = (Exposure Concentration) (IUR) (1000 png/mg)
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If the above equation results in an ILCR greater than 0.01, the following equation will be used:

ILCR = 1-[exp(-Estimated Exposure Intake)(CSF)]

An ILCR of 1 x 10 indicates that the exposed receptor has a one in-one million chance of developing
cancer under the defined exposure scenario. Alternatively, such a risk may be interpreted as

representing one additional case of cancer in an exposed population of one million persons.

As mentioned previously, noncarcinogenic risks were assessed using the concept of HQs and a Hazard
Index (HI). The HQ for a COPC is the ratio of the estimated intake or concentration to the RfD or RfC, as

follows:

Intake(Concentration)

HQ; =
! RfD;(RfC)

An HI will be generated by summing the individual HQs for all COPCs. The HI is not a mathematical
prediction of the severity of toxic effects and therefore is not a true "risk"; it is simply a numerical indicator

of the possibility of the occurrence of noncarcinogenic (threshold) effects.

7.5.2 Interpretation of Risk Assessment Results

To interpret the quantitative risk estimates and to aid risk managers in determining the need for
remediation, quantitative risk estimates were compared to typical USEPA risk benchmarks. The USEPA
has defined a “target cancer risk” range of 1 x 104 to 1 x 10 (i.e., a one-in-ten-thousand to one-in-one-
million chance of developing cancer). HQs and Hls are typically evaluated using a value of 1.0.
Generally, adverse noncarcinogenic health effects are not anticipated if an HQ or HI, developed on a

target organ/effect-specific basis, does not exceed 1.0.

As a general guideline, a “no further action” recommendation will be forwarded to the SCDHEC and
USEPA Region 4, if the cancer risk estimates and total Hls (developed on a target organ/target effect
basis) for receptors of concern do not exceed 1 x 10 and 1.0, respectively, and the USEPA risk
benchmark for risks associated with lead exposure are not exceeded. Otherwise, the need for remedial

action (including institutional controls) will be evaluated in a CMS.
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7.5.3 Results of the Risk Characterization

This section contains a summary of the results of the risk characterization for AOC 721. Quantitative risk
estimates for potential human receptors are developed for those chemicals identified as COPCs.
Potential cancer risks and HIs were calculated for current/future industrial workers, adolescent
trespassers, child and adult recreational users, and future construction workers, and hypothetical child
and adult residents under the RME scenario and are summarized in Table 7-17. Sample calculations are
presented in Appendix C, and the results of the risk assessment in RAGS Part D format are included in

Appendix C.

7.5.31 Noncarcinogenic Risks — RME

Cumulative Hls for the typical industrial worker (HI = 0.7), adolescent trespassers (HI = 0.3), and adult
recreational users (HI = 0.4) under the RME scenario are less than or equal to unity (1). The cumulative

HI for construction workers (HI = 2) does not exceed 1 on a target organ/target effect specific basis.

Hls for the child recreational user exposed to surface soil (HI = 3), for the hypothetical child resident
exposed to surface soil (HI = 9), for the hypothetical child resident exposed to groundwater (HI = 108),
and for hypothetical adult resident exposed to groundwater (HI= 46) exceeded unity even when
calculated on a target organ/target effect specific basis. The primary risk drivers (i.e., COPCs contributing
most to the elevated risk estimates) are arsenic and thallium in surface soil and antimony, arsenic,
manganese, and thallium in groundwater. As noted in Section 7.2.3.1, the maximum concentration of
arsenic detected in surface soil only slightly exceeds the AOC 721 background value. For thallium, a
provisional toxicity value was provided by USEPA’s National Center for Environmental Assessment for
the purposes of developing screening levels for soil and groundwater. However, USEPA concluded that
available human studies do not support derivation of an oral RfD. Therefore, while the provisional value
was used for screening and evaluating the likelihood for noncarcinogenic effects, the results will not be

used to determine whether thallium should be a contaminant of concern.

7.5.3.2 Carcinogenic Risks — RME

Cumulative ILCRs for construction workers, typical industrial workers, adolescent trespassers, child
recreational users, adult recreational users, and lifelong recreational users exposed to the surface soil,
groundwater, and sediments of AOC 721 were less than or within the USEPA'’s target risk range of 10 to

10®. The risk estimates for these receptors are listed below:
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Receptor Media ILCR
Construction Worker Surface soil +

Groundwater 6E-06
Typical Industrial Worker Surface soil 6E-05
Adolescent Trespasser Surface soil +

Sediment 8E-06
Child Recreational User Surface soil +

Sediment 5E-05
Adult Recreational User Surface soil +

Sediment 3E-05
Lifelong Recreational User Surface soil +

Sediment 8E-05

In contrast, cumulative ILCRs estimated for the following receptors hypothetically exposed to AOC 721

surface soil and groundwater exceeded the USEPA’s target risk range:

Receptor Medium ILCR
Child Resident Surface soil 2E-04
Child Resident Groundwater 2E-03
Adult Resident Groundwater 3E-03
Lifelong Resident Surface Soil 2E-04
Lifelong Resident Groundwater 5E-03

Arsenic was the main contributor to the ILCRs estimated for receptor exposure to soils. As noted in
Section 7.2.3.1, the maximum concentration of arsenic detected in surface soil only slightly exceeds the
AOC 721 background value. Arsenic, bis(2-ethylhexyl) phthalate, chromium (evaluated using hexavalent

chromium toxicity criteria), and heptachlor were the main contributors to the ILCRs for groundwater.

7.6 UNCERTAINTY ANALYSIS

There is uncertainty associated with all aspects of the baseline HHRA. A summary of the uncertainties,

including a discussion of how they may affect the final risk numbers, is provided in this section.

Uncertainty in the selection of COPCs is related to the current status of the predictive databases, the
grouping of samples, the numbers, types, and distributions of samples, and the procedures used to
include or exclude constituents as COPCs. Uncertainty associated with the exposure assessment

includes the values used as input variables for a given intake route or scenario, the assumptions made to
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determine exposure point concentrations, and the predictions regarding future land use and population
characteristics. Uncertainty in the toxicity assessment includes the quality of the existing toxicity data
needed to support dose response relationships and the weight of evidence used to determine the
carcinogenicity of COPCs. Uncertainty in risk characterization includes that associated with exposure to
multiple chemicals and the cumulative uncertainty from combining conservative assumptions made in

earlier steps of the risk assessment process.

Whereas there are various sources of uncertainty, the direction of uncertainty can be influenced by the
assumptions made throughout the risk assessment, including selection of COPCs and selection of values
for dose response relationships. Throughout the entire risk assessment, assumptions are biased toward

a margin of safety so that the final calculated risks are overestimated.

Generally, risk assessments carry two types of uncertainty: measurement and informational uncertainty.
Measurement uncertainty refers to the usual variance that accompanies scientific measurements. For
example, this type of uncertainty is associated with analytical data collected for each site. The risk

assessment reflects the accumulated variances of the individual values used.

Informational uncertainty stems from inadequate availability of information needed to complete the toxicity
and exposure assessments. Often, this gap is significant, such as the absence of information on the
effects of human exposure to low doses of a chemical, on the biological mechanism of action of a

chemical, or the behavior of a chemical in soil.

Once the risk assessment is complete, the results must be reviewed and evaluated to identify the type
and magnitude of uncertainty involved. Reliance on results from a risk assessment without consideration
of uncertainties, limitations, and assumptions inherent in the process can be misleading. For example, to
account for uncertainties in the development of exposure assumptions, conservative estimates must be
made to ensure that the particular assumptions made are protective of sensitive subpopulations or the
maximum exposed individuals. If a number of conservative assumptions are combined in an exposure
model, the resulting calculations can propagate the uncertainties associated with those assumptions,
thereby producing a much larger uncertainty for the final results. This uncertainty is biased toward over
predicting both carcinogenic and noncarcinogenic risks. Thus, both the results of the risk assessment
and the uncertainties associated with those results must be considered when making risk management

decisions.
This interpretation is especially relevant when the risks exceed the point of departure for defining

"acceptable" risk. For example, when risks calculated using a high degree of uncertainty are less than an

acceptable risk level (i.e., 10 to 10'6), the interpretation of no significant risk is typically straightforward.
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However, when risks calculated using a high degree of uncertainty exceed an acceptable risk level

(i.e., 10 to 10'6); a conclusion can be difficult unless uncertainty is considered.

7.6.1 Uncertainty in Data Evaluation

The most significant issues related to uncertainty in COPC selection are the screening levels that are
used; the absence of screening levels for a few chemicals detected in the site media, and elevated
detection limits for some compounds. A brief discussion of each of these issues is provided in the

remainder of this section.

7.6.1.1 COPC Screening Levels

The use of risk based screening values based on conservative land use scenarios (e.g., residential land
use), corresponding to an ILCR of 10°® and HI of 0.1, should ensure that all the significant contributors to
risk from a site are evaluated. The elimination of chemicals that are present at concentrations that
correspond to an ILCR less than 10 and an Hl less than 0.1 should not affect the final conclusions of the
risk assessment because these chemicals are not expected to cause a potential health concern at the

detected concentrations.

7.6.1.2 Chemicals without Established Screening Levels

Risk based screening levels are currently not available for some constituents [e.g., benzo(g,h,i)perylene
and phenanthrene]. Therefore, surrogates with similar chemical structures were selected for these
chemicals. In the COPC screening, pyrene was selected as a surrogate for benzo(g,h,i)perylene and
phenanthrene. Applying toxicity values of one compound to another adds to the uncertainty in the risk

assessment both in regard to the selection of COPCs and the subsequently calculated risks.

7.6.2 Uncertainty in the Exposure Assessment

Uncertainty in the exposure assessment arises because of the determination of land use conditions, the
selection of receptors and scenarios, the estimation of exposure point concentrations, and the selection of

exposure parameters. Each of these is discussed below.

7.6.2.1 Land Use

The current land use patterns at the site are well established, thereby limiting the uncertainty associated
with land use assumptions. Land use for AOC 721 is currently industrial. Therefore, the elevated risk
estimates presented for future hypothetical residents are not likely to occur. This exposure scenario is

primarily evaluated for decision making purposes. The risk assessment assumes that groundwater is
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used as a source of domestic drinking water. However, the groundwater is not currently used for this
purpose and is not expected to be used as a source of potable water in the future. In addition, the
shallow aquifer, monitored during the RFI process, naturally contains significant concentrations of
chlorides and TDS. As a result, this water-bearing zone’s potential as a source of potable water is

questionable. Therefore, the use of tap water-based screening criteria is conservative.

7.6.2.2 Exposure Point Concentrations

Uncertainty was associated with the use of the 95 percent UCL on the mean concentration as the EPC.
As a result of using the 95 percent UCL, the estimations of potential risk for the RME scenario were most
likely overstated because this is a representation of the upper limit that potential receptors would be
exposed to over the entire exposure period. For soil and sediment, in some cases (because datasets
contained fewer than 10 samples or because the UCL was greater than the maximum concentration), the
maximum concentration was used as the EPC. The maximum concentration was conservatively used as
the EPC for all groundwater COPCs. Use of the maximum concentration tends to overestimate potential
risks because receptors are assumed to be exposed continuously to the maximum concentration for the

entire exposure period.

7.6.2.3 Exposure Routes and Receptor Identification

The determination of various receptor groups and exposure routes of potential concern was based on
current land use observed at the site and the anticipated future land use. Therefore, the uncertainty
associated with the selection of exposure routes and potential receptors is minimal because they are

considered to be well defined.

7.6.24 Exposure Parameters

Each exposure factor selected for use in this HHRA has some associated uncertainty. Generally,
exposure factors are based on surveys of physiological and lifestyle profiles across the United States.
The attributes and activities studied in these surveys generally have a broad distribution. To avoid
underestimation of exposure, in most cases, the USEPA guidelines (USEPA, 1991a) for the RME
receptor were used, which generally specify the use of the 95" percentile for most parameters.
Therefore, the selected values for the RME receptor represent the upper bound of the observed or

expected habits of the majority of the population.
Generally, the uncertainty can be assessed quantitatively for many assumptions made in determining

factors for calculating exposures and intakes. Many of these parameters were determined from statistical

analyses on human population characteristics. Often, the database used to summarize a particular
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exposure parameter (e.g., body weight) is quite large. Consequently, the values chosen for such

variables in the RME scenario have low uncertainty.

Many of the exposure parameters used to calculate exposures and risks in this report are selected from a
distribution of possible values, including USEPA guidance (USEPA, 1991a, 1993a, 1997a, 2004). For the
RME scenario, a combination of high-end and average inputs is used with the overall goal that the final
risk estimate will be an approximate 95th percentile risk estimate. This risk number is used in risk
management decisions but does not indicate what a more average or typical exposure might be or what

risk range might be expected for individuals in the exposed population.

7.6.3 Uncertainty in the Toxicity Assessment

Uncertainties associated with the toxicity assessment [determination of RfDs, RfCs, IURs, and CSFs and

use of available criteria] are presented in this section.

Derivation of Toxicity Criteria

Uncertainty associated with the toxicity assessment is associated with hazard assessment and dose
response evaluations for the COPCs. The hazard assessment deals with characterizing the nature and
strength of the evidence of causation or the likelihood that a chemical that induces adverse effects in
animals will also induce adverse effects in humans. Hazard assessment of carcinogenicity is evaluated
as a weight of evidence determination, using the USEPA methods. Positive animal cancer test data
suggest that humans contain tissue(s) that may manifest a carcinogenic response; however, the animal
data cannot necessarily be used to predict the target tissue in humans. In the hazard assessment of
noncancer effects, however, positive animal data often suggest the nature of the effects (e.g., the target

tissues and type of effects) anticipated in humans.

Uncertainty in hazard assessment arises from the nature and quality of the animal and human data.
Uncertainty is reduced when similar effects are observed across species, strain, sex, and exposure route;
when the magnitude of the response is clearly dose related; when pharmacokinetic data indicate a similar
fate in humans and animals; when postulated mechanisms of toxicity are similar for humans and animals;
and when the chemical of concern is structurally similar to other chemicals for which the toxicity is more

completely characterized.

Uncertainty in the dose response evaluation includes the determination of a CSF/IUR for the carcinogenic
assessment and derivation of an RfD/RfC for the noncarcinogenic assessment. Uncertainty is introduced
from interspecies (animal to human) extrapolation, which, in the absence of quantitative pharmacokinetic

or mechanistic data, is usually based on consideration of interspecies differences in basal metabolic rate.
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Uncertainty also results from intraspecies variation. Most toxicity experiments are performed with animals
that are very similar in age and genotype, so intragroup biological variation is minimal, but the human
population of concern may reflect a great deal of heterogeneity, including unusual sensitivity or tolerance
to the COPC. Even toxicity data from human occupational exposure reflect a bias because only those
individuals sufficiently healthy to attend work regularly (the "healthy worker effect") and those not
unusually sensitive to the chemical are likely to be occupationally exposed. Finally, uncertainty arises
from the quality of the key study from which the quantitative estimate is derived and the database. For
cancer effects, the uncertainty associated with dose response factors is mitigated by assuming the
95 percent upper bound for the slope factor. Another source of uncertainty in carcinogenic assessment is
the method by which data from high doses in animal studies are extrapolated to the dose range expected
for environmentally exposed humans. The linearized multistage model, which is used in nearly all
quantitative estimations of human risk from animal data, is based on a nonthreshold assumption of
carcinogenesis. Evidence suggests, however, that epigenetic carcinogens, as well as many genotoxic
carcinogens, have a threshold below which they are not carcinogenic. Therefore, the use of the

linearized multistage model is conservative for chemicals that exhibit a threshold for carcinogenicity.

For noncancer effects, additional uncertainty factors may be applied in the derivation of the RfD/RfC to
mitigate poor quality of the key study or gaps in the database. Additional uncertainty for noncancer
effects arises from the use of an effect level in the estimation of an RfD/RfC when “no adverse effect
level” data (i.e., non-cancer threshold data) are not available or such data are limited. An uncertainty
factor is usually applied to estimate a no effect level. Additional uncertainty arises in the estimation of an
RfD/RfC for chronic exposure from subchronic data. Unless empirical data indicate that effects do not
worsen with increasing duration of exposure, an additional uncertainty factor is applied to the no effect
level in the subchronic study. Uncertainty in the derivation of RfDs/RfCs is mitigated by the use of
uncertainty and modifying factors that normally range between 3 and 10. The resulting combination of

uncertainty and modifying factors may reach 1,000 or more.

The derivation of dermal RfDs and CSFs from oral values may cause uncertainty. This is particularly the
case when no gastrointestinal absorption rates are available in the literature or when only qualitative

statements regarding absorption are available.

Uncertainty Associated with Evaluation of the Dermal Exposure Pathway

According to RAGS Part E (USEPA, 2004), risks for dermal absorption of chemicals in soil are to be
quantitatively evaluated for arsenic, cadmium, chlordane, 2,4 dichlorophenoxyacetic acid,
dichlorodiphenyltrichloroethane (DDT), 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (and other dioxins),

PAHs, PCBs, pentachlorophenol, and SVOCs only because of the limited information guidance available
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to evaluate dermal exposure to other constituents. Risks from dermal exposure to other chemicals were
evaluated following USEPA Region 4 guidance using default dermal absorption factors of 0.01 for
organics and 0.001 for inorganics. Consequently there is some uncertainty associated with the estimated

risks for aluminum, cobalt, iron, manganese, thallium, and vanadium.

Use of Chronic Toxicity Values for Construction Workers

Under the guidelines established by the Superfund program, exposures to construction workers of one
year or less are classified as subchronic exposures. Risks for noncarcinogenic effects associated with
subchronic exposures should incorporate toxicity values for subchronic and not chronic effects.
Subchronic toxicity values are not as widely available as chronic values. Subchronic toxicity values used
in this HHRA were obtained from USEPA’s PPRTV Internet site. Also, ATSDR MRLs were used as
subchronic toxicity values when PPRTV values were not available. Chronic toxicity values were used
when subchronic toxicity values were not available. Using chronic toxicity criteria to evaluate subchronic
exposures for construction workers tends to overestimate potential noncarcinogenic risks. However, no
Hls estimated for construction workers exceeded acceptance limits for any medium evaluated in this
HHRA. Therefore, uncertainty due to the use of chronic toxicity values for construction workers does not

affect overall HHRA conclusions.

Uncertainty in the Toxicity Criteria for Chromium

Toxicity criteria are available for different forms of chromium, which is considered to be more toxic in the
hexavalent state. The following table compares the maximum total chromium concentrations reported for
AOC 721 samples to available USEPA RSLs.

COMPARISON OF AOC 721 CHROMIUM RESULTS TO BACKGROUND AND REGIONAL
SCREENING LEVELS FOR HEXAVALENT AND TRIVALENT CHROMIUM

USEPA Residential
Maximum Site Chromium Background RSL - Hexavalent EPA Residential RSL -
Concentration Value Chromium Trivalent Chromium
Surface soil: 22.8 mg/kg 32 mg/kg 0.29 mg/kg 120,000 mg/kg
Groundwater: 4.5 ug/L 2 ug/L 0.031 pg/L 16,000 ug/L

Chromium was not selected as a COPC in surface soil because the maximum chromium concentration
was less than background; however, chromium was selected as a COPC in groundwater. Although there
is no evidence to support the conclusion that hexavalent chromium is present at the AOC 721, risks
associated with this chemical were assessed by conservatively assuming that 100 percent of the reported
total chromium result is attributable to hexavalent chromium. Therefore, the risks calculated for chromium

in groundwater at AOC 721 are likely overestimated. However, because the estimated medium-specific
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groundwater ILCRs would exceed the USEPA target cancer risk range (1 x 10 to 1 x 10°®) even without
including chromium in the risk assessment, overall risk assessment conclusions are not impacted due to
uncertainty associated with toxicity criteria for chromium. Additionally, chromium concentrations in

groundwater do not exceed the USEPA MCL for total chromium.

Uncertainty in the Toxicity Criteria for Thallium

Although there are human studies assessing the effects of exposure to thallium, the majority are case
reports of poisonings, suicide attempts or accidental ingestion of rodenticides. Occupational exposure
studies provide inconclusive associations between thallium exposure and any specific health effects.
Generally, available human studies do not support oral RfD derivation (USEPA, 2010b). Animal studies
assessing thallium exposure are also generally of poor quality (USEPA, 2012c). The study that was used
to generate the USEPA RSL-based screening value suffers from severe study limitations and difficulties
regarding the selection of appropriate toxicity endpoints. Therefore, an RfD was not derived and
published by USEPA in the IRIS. Hence, any evaluation of thallium using the RfD presented in the
current USEPA RSL table (from the PPRTV appendix) suffers from severe limitations and is not used as

the basis for identifying thallium as a contaminant of concern.

7.6.4 Uncertainty in the Risk Characterization

Uncertainty in risk characterization results from assumptions made regarding additivity of effects from
exposure to multiple COPCs from various exposure routes. High uncertainty exists when summing
noncancer risks for several substances across different exposure pathways. This assumes that each
substance has a similar effect and/or mode of action. Even when compounds affect the same target
organs, they may have different mechanisms of action or differ in their fate in the body, so additivity may
not be an appropriate assumption. However, the assumption of additivity is considered because in most

cases it represents a conservative estimate of risk.

Risks to any individual may also be overestimated by summing multiple assumed exposure pathway risks
for any single receptor. Although every effort was made to develop reasonable scenarios, not all

individual receptors may be exposed via all pathways considered.

Finally, the risk characterization does not consider antagonistic or synergistic effects. Little or no
information is available to determine the potential for antagonism or synergism for the COPCs. Because
chemical specific interactions cannot be predicted, the likelihood for risks to be over predicted or under

predicted cannot be defined, but the methodology that was used is based on current USEPA guidance.
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Uncertainty in the risk characterization also results from the fact that, as itemized below, some chemicals

were eliminated as COPCs on the basis of background:

e Chromium was eliminated as a COPC in surface soil on the basis of site-data to background

comparisons.

e No chemicals were eliminated as COPCs in AOC 721 groundwater on the basis of site-data to

background comparisons.

e Benzo(a)pyrene, benzo(a)pyrene equivalents, benzo(b)fluoranthene, and chromium were eliminated

as COPCs in sediment on the basis of site-data to background comparisons.

1.7 SUMMARY

The baseline HHRA for AOC 721 was performed to characterize the potential risks to likely human
receptors under current and potential future land use. Potential receptors retained for quantitative
evaluation included future construction workers, current/future industrial workers, current/future
adolescent trespassers, future adult and child recreational users, and hypothetical child and adult
residents. Media evaluated in the HHRA included surface soil, groundwater, surface water, and sediment
at AOC 721. A summary of the major contributors to risks at AOC 721 is provided in Table 7-18.

Summary of Chemicals of Potential Concern for AOC 721

Arsenic, cobalt, iron, and thallium are the COPCs for direct contact exposure to surface soil.
Bis(2-ethylhexyl) phthalate, heptachlor, aluminum, antimony, arsenic, chromium, cobalt, iron, manganese,
thallium, and vanadium are the COPCs for direct contact exposure to groundwater. Arsenic, cobalt, and
thallium were selected as COPCs for surface water; however, surface water was eliminated as a potential
exposure pathway and was not further evaluated. Arsenic, cobalt, iron, mercury, selenium, and thallium
were detected at concentrations exceeding the RSL values for chemical migration from soil to
groundwater. Benzo(a)anthracene, aluminum, arsenic, cobalt, iron, manganese, thallium, and vanadium

were retained as COPCs for exposure to sediment.

Summary of Cancer and Non-cancer Risk Estimates for Environmental Media at AOC 721

Reasonable Maximum Exposure Scenario

Cancer and non-cancer risk estimates calculated for receptor exposure to the soils, groundwater, and

sediments at AOC 721 were compared to the following risk management benchmarks:
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e The USEPA “target cancer risk” range of 1 x 10 to 1 x 10 (i.e., a one-in-ten-thousand to one-in-

one-million chance of developing cancer).

e HI value of 1. Generally, adverse noncarcinogenic health effects are not anticipated if an Hl,

developed on a target organ/effect-specific basis, does not exceed 1.

Cumulative Hls for the typical industrial worker, adolescent trespassers, and adult recreational users
under the RME scenario are less than or equal to unity (1). The cumulative HI for the construction worker
is less than 1 on a target organ/target effect specific basis. HlIs for the child recreational user exposed to
surface soil (HI = 3), for the hypothetical child resident exposed to surface soil (HI = 9), for the
hypothetical child resident exposed to groundwater (HI = 108), and for hypothetical adult resident
exposed to groundwater (HI = 46) exceeded unity even when calculated on a target organ/target effect
specific basis. The primary risk drivers (i.e., COPCs contributing most to the elevated risk estimates) are
arsenic and thallium in surface soil and antimony, arsenic, manganese, and thallium in groundwater.
However, note that the maximum concentration of arsenic detected in surface soil only slightly exceeds
the AOC 721 background value. For thallium, a provisional toxicity value was provided by USEPA’s
National Center for Environmental Assessment for the purposes of developing screening levels for soil
and groundwater. However, USEPA concluded that available human studies do not support derivation of
an oral RfD. Therefore, while the provisional value was used for screening and evaluating the likelihood
for noncarcinogenic effects, the results will not be used to determine whether thallium should be a

contaminant of concern.

Cumulative ILCRs for construction workers, typical industrial workers, adolescent trespassers, child
recreational users, adult recreational users, and lifelong recreational users exposed to the surface soil,
groundwater, and sediments of AOC 721 were less than or within the USEPA’s target risk range of 10 to
10®. In contrast, cumulative ILCRs estimated for the following receptors hypothetically exposed to AOC

721 surface soil and groundwater exceeded the USEPA’s target risk range:

Receptor Medium ILCR
Child Resident Soil 2E-04
Child Resident Groundwater 2E-03
Adult Resident Groundwater 3E-03
Lifelong Resident Surface Soil 2E-04
Lifelong Resident Groundwater 5E-03
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Arsenic was the main contributor to the ILCRs estimated for receptor exposure to soils. However, note
that the maximum concentration of arsenic detected in surface soil only slightly exceeds the AOC 721
background value. Arsenic, chromium (conservatively evaluated using toxicity criteria for hexavalent
chromium), bis(2-ethylhexyl) phthalate, and heptachlor were the main contributors to the ILCRs for

groundwater.
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TABLE 71

SCREENING CRITERIA FOR SOIL AND SEDIMENT
AOC 721
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

CAS USEPA Regional Screening Levels
No. Parameter Direct Contact Protection of
Residential Groundwater
(mg/kg) (mg/kg)
Volatile Organic Compounds
| 120-82-1  [1,24-Trichlorobenzene | 62 N® | 0.0029
Semivolatile Organic Compounds
91-57-6 2-Methylnaphthalene 230 N 0.14
56-55-3 Benzo(a)anthracene 0.15 C 0.01
50-32-8 Benzo(a)pyrene 0.015 C 0.0035
-- Benzo(a)pyrene Equivalents 0.015 C 0.0035
205-99-2 Benzo(b)fluoranthene 015 C 0.035
191-24-2 Benzo(g,h,i)perylene 1,700 N® 95
207-08-9 Benzo(k)fluoranthene 1.5 C 0.35
218-01-9 Chrysene 15 C 1.1
132-64-9 Dibenzofuran 78 N 0.11
206-44-0 Fluoranthene 2,300 N 70
193-39-5 Indeno(1,2,3-cd)pyrene 0.15 C 0.12
91-20-3 Naphthalene 36 C 0.00047
85-01-8 Phenanthrene 1,700 N® 95
129-00-0 Pyrene 1,700 N 9.5
Inorganics
7429-90-5  |Aluminum 77,000 N 23,000
7440-36-0 Antimony 31 N 0.27
7440-38-2  |Arsenic 0.39 C 0.0013
7440-39-3 Barium 15,000 N 120
7440-41-7 Beryllium 160 N 13
7440-43-9 Cadmium 70 N 0.52
7440-70-2 Calcium NA NA
7440-47-3 __|Chromium 0.29 c¥ 0.00059 @
7440-48-4 Cobalt 23 N 0.21
7440-50-8 Copper 3,100 N 22
7439-89-6 Iron 55,000 N 270
7439-92-1  |Lead 400 14 ©®
7439-95-4 Magnesium NA NA
7439-96-5 Manganese 1,800 N 21
7439-97-6  |Mercury 23 N© 0.033
7440-02-0 Nickel 1,500 N 20
7440-09-7 Potassium NA NA
7782-49-2 Selenium 390 N 0.4
7440-23-5 Sodium NA NA
7440-28-0 Thallium 0.78 N 0.011
7440-31-5 Tin 47000 N 2300
7440-62-2 Vanadium 390 N 78
7440-66-6 Zinc 23,000 N 290
Miscellaneous Parameters
-- [Total Organic Carbon [ NA [ NA
Notes:

1 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, May 2012.
[Cancer benchmark value = 1E-06, Hazard index (HI) = 1.0].

2 - Ten percent of noncarcinogenic screening level is less then the carcinogenic screening level;

therefore, the noncarcinogenic value is presented.

3 - Value is for pyrene.

4 - Value is for hexavalent chromium.

5 - MCL-based SSL.

6 - Value is for mercuric chloride and other mercury salts.

C - Carcinogenic

MCL - Maximum Contaminant Level

N - Noncarcinogenic

NA - Not Applicable/Not Available

SSL - Soil screening level



TABLE 7-2

SCREENING CRITERIA FOR GROUNDWATER AND SURFACE WATER

AOC 721

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

USEPA Regional USEPA
CAS Parameter Screening Level mcL®
No. Tap Water
(ug/L) (ug/L)
Semivolatile Organic Compounds
98-86-2 |[Acetophenone 1500 N NA
65-85-0 |Benzoic Acid 58000 N NA
117-81-7 |Bis(2-ethylhexyl)phthalate 0.071 C 6
84-74-2 |Di-nbutyl phthalate 670 N NA
84-66-2 |Diethyl Phthalate 11,000 N NA
Pesticides/PCBs
[ 76-44-8 |Heptachlor [ 0.0018 C 0.4
Inorganics
7429-90-5 [Aluminum 16,000 N 50 to 200 @
7440-36-0 |Antimony 6 N 6
7440-38-2 |Arsenic 0.045 C 10
7440-39-3 [Barium 2,900 N 2,000
7440-41-7 |Beryllium 16 N 4
7440-70-2 [Calcium NA NA
7440-47-3 [Chromium 0.031 ¢ 100
7440-48-4 [Cobalt 47N NA
7440-50-8 [Copper 620 N 1,300
7439-89-6 |Iron 11,000 N 300 @
7439-92-1 |Lead NA 1