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10.5 AOC 609, Service Station, Building 1346

AOC 609 is the former gasoline station, automotive repair and maintenance shop at Building 1346,
which was built in 1962. The focus of the RFI is the waste oil UST at Building 1346. Materials
released, stored or disposed of at the site included gasoline, diesel fuel, motor/lubricating oils,

degreasing solvents, antifreeze and various automotive products.

This site contained USTs which contained gasoline and diesel fuel. Three of the original nine steel
USTs were found to be leaking in 1991 and were removed. They were replaced with fiberglass
tanks in 1992. Subsequently, six monitoring wells were installed by S&ME, Inc., to define the
horizontal and vertical extent of groundwater contamination. The assessment report submitted to
SCDHEC in February, 1993 resulted in the installation of two additional perimeter wells near the
site. All site wells were resampled in November, 1994, with the results confirming previous
findings. A source well near the site exhibited concentrations of benzene (36,100 w«g/L), toluene
(47,800 ng/L), ethylbenzene (3,620 wg/L), xylene (16,800 «g/L) and methyl tertiary butyl ether
(62,200 ng/L). All perimeter wells were below detection limits for the same parameters. A free-
product recovery system installed in 1995 is still in operation. This investigation activity was
reported in the Assessment Report Addendum Building No. 1346, Charleston Naval Base,
Charleston, SC (S&ME, March 29, 1995), prepared for the Navy Public Works Center
Jacksonville, Charleston Zone.

The 560 gallon steel waste oil UST on the west side of the building being assessed in this RFI was
removed in 1996. This tank received waste oil from floor drains in the maintenance garage,
and was periodically emptied by suctioning to a waste oil truck. This removal was
performed by the Supervisor of Shipbuilding, Conversion and Repair, USN, Portsmouth
Detachment Environmental, Charleston, SC (SPORTENVDETCHASN). The UST Assessment
Report, UST 1346, Naval Base Charleston, Charleston, SC (SPORTENVDETCHASN,
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September 3, 1996), prepared for the Department of the Navy, Southern Division, Naval Facilities
Engineering Command, stated the UST was in good condition upon removal, having no holes or
leaks, with its protective coating intact. However, a loose mechanical joint along the drain pipe
leading to the tank was responsible for some leakage to soil about four feet from the tank. The
north half of the removal excavation contained petroleurn soils. Both tank and drain piping were
removed. Ten soil samples were collected during this removal, along with one groundwater
sample. Sample results for both soil and groundwater revealed the presence of inorganic, total

recoverable petroleum hydrocarbon, and volatile constituents.

10.5.1 Site Geology and Hydrogeology

The soil boring and groundwater monitoring well locations associated with the AOC 609 RFI are
shown in Figure 10.5-1. The general stratigraphy at AOC 609 was described based on two soil
boring logs submitted by S&ME. Appendix A contains the construction logs for these two wells
(SMEO007 and SMEOQO8; logs for the remaining S&ME wells were not available). No well borings
were advanced during the RFI at AOC 609. The surface of AOC 609 is asphait paved. The

subsurface stratigraphy consists of approximately two feet of silty sand and overlying silty clay.

Figures 10.5-2 and 10.5-3 depict the shallow groundwater potentiometric surface and inferred flow
direction during low and high tide, respectively. Flow is generally to the east-southeast during
both tides. The geometric mean hydraulic conductivity measured in well SMEOO4 was
0.089 ft/day. The horizontal gradient, based on Figure 10.5-2 is 3.5E-03. The horizontal flow
velocity was calculated at 8.7E-04 ft/day in the shallow aquifer at AOC 609.
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10.5.2 Field Investigation Approach

The objectives of the field investigation at AOC 609 were to: (1) confirm the presence or absence
of contamination related to the waste oil UST in the site area; (2) delineate any contamination
found; and (3) provide sufficient data to support a detailed evaluation of treatment alternatives,
if required. Media sampled within the investigation area inciuded soil and groundwater. Section 3
of this report details the methods used during the field investigation. Included in this section are
descriptions of the hand-auger procedures used for soil sampling; groundwater sampling
procedures; and miscellaneous procedures used during the field investigation. Also discussed are
the analytical protocols for sample analyses. Appendix A included the construction diagrams for
monitoring wells installed by S&ME. Please note, not all well construction diagrams were

available.

10.5.3 Soil Sampling and Analyses

The approved final RFI work plan proposed advancing four soil borings within the AQC 609 area
to assess the presence of any soil contamination from this site. Upper and lower interval soil
samples were proposed from each boring. Six soil borings were advanced during the field
investigation, as shown in Figure 10.5-1. The two additional soil sample locations were needed
based on the results of the UST investigation (SPORTENVDETCHASN, September 3, 1996).
Upper and lower interval samples were collected from four borings, while the two additional
borings were sampled from the upper interval only. Where not collected, the lower interval
sample was deleted due to obstructions in the borehole, or because of a shallow water table. In
accordance with the approved final RFI work plan, soil samples were analyzed for metals,
SVOAs, and VOAs at DQO Level III.  Three upper interval duplicate soil samples were also
collected for Appendix IX analyses at DQO Level IV. Table 10.5.1 summarizes the AOC 609 soil

samples and analyses.
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Table 10.5.1
AOC 60%
Soil Samples and Analyses
Boring Sample Sample Date

Interval

6095SB002 609SB00201 Upper 9/27/96 Notes 172

6095B004 6095B00401 Upper 9/30/96 Note 1 Lower interval not

sampled because of
obstruction
m . i5<

609SB006 609SB00601 Upper 9/30/96 Notz 1 Lower interval not

sampled because of
obstruction
—— e —— - ——

Notes:

._.
i

-
[}

SW-846 (metals, SVOASs, and VOAs)at DQO Level III

Appendix IX suite: Appendix IX (pesticides/PCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins, OP-pesticides); cyanide;
hex-chrome at DQO Level IV

Duplicate sample collected

10.5.3.1 Nature of Contamination in Soil
Organic compound analytical resuits for soil are summarized in Table 10.5.2. Inorganic analytical

results for soil are summarized in Table 10.5.3. Table 10.5.4 summarizes all analytes detected

in soil at AOC 609. Appendix D contains a complete analytical data report for all Zone F samples

collected.

Volatile Organic Compounds in Soil

Six VOCs were detected in surface soil samples; all were below their respective RBCs. Two

VOCs were detected in subsurface soil. All subsurface detections were also below their respective

SSLs.
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Table 10.5.2
AOC 609
Organic Compound Analytical Results for Soll
Number of
Frequency Range of Mean of Reference Samples
Sample of Detections Detections Conc.” Exceeding
Parameters Interval Detection (ug/kg) ug/kp) ( ug/kg) Reference

Volatile Organic Compounds (Upper Interval - 6 Samples plus 3 Duplicate Samples/Lower Interval - 4 Samples) {:g/kg)
m = - — . =
" 1,1-Dichlorocthene -

2-Butanone (MEK)

Acrolein

Trichloroethene

- Upper "

Lower

Upper
Lower

Uppex'r:*‘

Lower

Upper
Lower

Upper -
Lower -

Upper
Lower

2/6
3/4

2%
o4

213
0/4

2 36

+. 04

2/6
1/4

2-Methylnaphthalene

Benzo(alaniheacene

z

Lower
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Table 10.5.2
AOC 609
Organic Compound Analytical Results for Sofl
Number of
Frequency Range of Mean of Reference Samples
Sample of Detectlons Detections Cone. Exceeding
Parameters Interval Detection {ug/kg) ug/kg) ( ug/kg) Reference

Be;:lzo(l)pyl'emb'-i i

Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene 1/6 135 8800
0/4 ND 49000°
Benzoic acid v & T 52 ; Y v B el
o 04 . & ... ND
Butylbenziphthalate 06 ND
1/4 56
Clnysem ‘ ,"_zz':'- : 246 e i 8154 lso
oo R 0/4 T e U NDY
Di-n-butylphthalate 1/6 40.0
24 40 - 42
 Dibitz(s, hyanthracene LTI & 6 e
e CE w4 R
Fluoranthene 216 54 - 340
Lower 0/4 ND
. Indeno(1,2.3-cd)pyrene SR e Upper e 1035
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Table 10.5.2
AOC 609
Organic Compound Analytical Results for Sofl
Number of
Frequency Range of Mean of Reference Samples
Sample of Detections Detections Conc. Exceeding

- bis(2-ethylhexyl)phthalate

Pesticides and PCBs (Upper Interval - 3 Duplicate Samplu) (pg/kg)

4 4-DDD L " Upper b
P g Lower . : N1 B
4,4'-DDE Upper 313 4.4-840 345 1900 0
Lower 0/0 NA NA 54000° 0

Dloxins (U per Interval 3 Dupllcate Sample) (

Notes:

i = Calculated from methods described in USEPA Interim Supplemental Guidance 1o RAGS: Human Health Risk Assessment, Bulletin 2 (USEPA, 1995b).

N =  Calculated values correspond to a noncancer hazard quotient of 1.

b = Calculated values correspond to a cancer tisk level of | in 1,000,000.

¢ = SSL for pH of 6.8.

d = Soil sawration concentration (G,)).

* =  Residential RBCs (THQ=0.1} were used as a reference concentration for upper interval samples. Generic soil to groundwater SSLs (DAF=20) from the Soil Screening Guidance: Technical
Background Document (USEPA, 1996¢c) were used as a reference concentration for lower interval samples.

ND = Notdetected

NA = Not applicable

ug/kg = Micrograms per kilogram

ng’kg =  Nanograms per kilogram
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Table 10.5.3
AOC 609
Inorganic Analytical Results for Soil
Range Mean Number of
Frequency of of Reference Samples
Sample of Detections Detections Cone. Exceeding
Parameters Interval Detection (mg/kg) (mg/kg) (ng/kg) Reference

Inorganic (Upper Interval - 6 Samples plus 3 Duplicate Samples/Lower Interval - 4 Samples) (mg/kg)

Aluminum

Antimony

A vt

Barium

Beryllium

Cadmium
- G

Chromium
 Cobalt

Copper

Upper *
- Lower

Upper

Lower

Upper
Lower

Upper
Lower

Upper .

Upper

Lower

- Lower

Upper
Lower

" Upper

Lower

Upper
Lower

6/6 16.4 - B8.85 42.48 550 0
4/4 15.8-24.5 20.1 1600° 0

3/6 404 -1198 69.7 310
0/4 ND ND 920
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Table 10.5.3
AOC 609
Inorganic Analytical Results for Seil

Frequency of of Reference Samples
Sample of Detections Detections Conc. Exceeding
Parameters lnterval Detection (mg/kg) 7 ( (kg) Ref 7

TR et

Inorganic (Upper Interval - 6

Samples plus 3

Lead Upper 6/6 10.5 - 320
Lower 4/4 44-143

Magnesium SR Upper X
. ‘Lower 44

Manganese Upper 6/6 65.8-1392.5 203.97 180
Lower 4/4 389-76.1 56.03 1100

Mereury © Lo Upper N
Lol @ B - Lower . - 204~

Nickel Upper 6/6
Lower 3/4

 Pomssium. 4 U Upper L Re
VW 2 - Lawer : V4 :

Tin Upper 2/6 19.25 - 25.0 22.13 4700 0
Lower 0/4 ND ND 11000 0

Vamadium S ol Upgper 6/6 ' 6.15-440 - . 2L19° S 3
a . S Lower 44 . 66-284 . 8 o ST do00t

Zinc Upper 5/6 120 - 715.5 291 2300 0
Lower 1/4 34.8 34.8 12000™* 0
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Table 10.5.3
AOC 609
Inorganic Analytical Results for Soil
Range Mean Number of
Frequency of of Reference Samples
Sample of Detections Detections Caonc, Exceeding
Parameters Interval Detection (mg/kg) (mglks)mr (mglg) Reference
inorganics (Upper Interval - 6 Samples plus 3 Duplicate Samples/Lower Interval - 4 Samples) (mg/kg)

Cyanide : : S Upper AR T S 2
‘ B R ST Lower - M L0 e T R N
Notes:
* = Calculated values correspond to a noncancer hazard quotient of 1
b = SSL for pH of 6.8
€ = A screening level of 400 mg/kg has been set for lead based on Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities (USEPA 1994a)
* =  Residential RBCs (THQ=0.1) were used as a reference concentration for upper interval samples. Generic soil to groundwater $SLs (DAF=20) from the Soil Screening Guidance: Technical
Background Document (USEPA, 1996c) were used as a reference concentration for lower interval samples
ND =  Not detected
NL = Not listed
NA = Not applicable
mg/kg =  Milligrams per kilogram
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Table 10.5.4
AOC 609
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. {THQ=0.1) Background Conc. (DAF=20) Background

Volatile Organic Compounds ( ug/kg)
' I,i-Dichloroethene -~ 6

2-Butanone (MEK) ND 4700000 NA 7.6 T900 NA

7
ND
8

. 62 4
Acrolein 48
89

EEE : 2"
4 2
Trichlorocthene 4
2
ND

2-Methyinaphthalene 55 310000 NA 126000 NA
: S R R
Berizo(a)anthracéne 150 820.0 NA 2000 "7 NAL
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Table 10.5.4
AOC 609
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc, (THQ=0.1) Background Conc. (DAF=120) Background
E ————— — — . ——
Semivolatile Org Comgunds ! ﬁggl
Benzo(a)pyrene 6095BO01 160
6095SB0O02 44
6095B004 49
Benzo(b)fluoranthene 609SB001 150
Benzo(g,h,i)perylene 609SBOOI 123.5
609SB0O06 4.0
Benzo(k)fluoranthene - .609SBO01 135
Benzoic acid
Butylbenzylphthalate
Chrysene
Di-p-butylphthalate .
R ) S

>

Dibenz(a,h)anthracene

Indeno(1,2,3-cd)pyrenc
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Table 10.5.4
AOC 609
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Background Cone. (DAF=20) Background
Semivolatile Organic Compounds { ug/kg)
Pytene 609SB001 300 230000.0 NA ND 4200000" NA
609SB002 52.5

. bis(-ethylhexylphthalate ~ 6095B00

4,4'-DDE 6095B001 150 1900.0 NA NA 54000" NA
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Table 10.5.4
AOC 609
Analytes Detected in Surface and Subsurface Soil

Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. {THQ=0.1) Background Conc. (DAF=20) Background
Inorganics (mg/kg)
 Aluminum (Al)

{

Antimony (Sb)

. Assesic (As) .

Barium (Ba)

¢ Berylliun (Be)

609SB001 43.85 550.0 61.5
6095B002 88.85
60958003 16.4
60958004 3.5
609SB00S 23.0
609SB00S 51.3
6095B00Y 094 - 0.15 1080
| 609SBOG4 - - 0.58
- §U9SBO06 on
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Table 10.5.4
AOC 609
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Background Conc, (DAF=2£) Background
Inorganics {(mg/kg)
Cadmium (Cd)
Calcium (Ca)

Cobalt (Co) 18.5 470.0 15.1 ND 2000 6.85
13.45 ND
38 NT
3.5 20
8.7 NT
Copper {Cu) 119.8 3we . 482 - ND- "
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Table 10.5.4
AOC 609
Analytes Detected in Surface and Subsurface Soil

Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Pnnmeleg Location Conc. (THQ=0.1) Background Conc. (DAF==20) Background

Inorganics (mg/kg)
- Cyuide (CN)

Iron (Fe) 21100 2300.0 NL 3310 NL NL

Magnesium (Mg)

6095B006 1680
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Table 10.5.4
AOC 609
Analytes Detected in Surface and Subsurface Soil

Soll Lo
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Background (DAF=20)

Inorganics (mg/kg)

Manganese (Mn)

s 180.0 307 48.9 1100 469

Nickel (Ni) 609SB001 10.65 160.0 12.6 2.0 130°

609SB003 2.4

o (9
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Table 10.5.4
AOC 609
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters "_[.ocalion Conc. (THQ=0.1) Background Conc, (DAF=20) Background
Inorganics (mg/kg)
Tin(Sw) . 609SB002
’ 609SBO0G -
Vanadium (V) 609SB001 44 550 489 6.6 6000" 494

Notes:

b
14
d
€

1

ND
NT
NL
NA
uglkg
mg/kg
ng/kg

[ I I

Calculated vatues correspond to a noncancer hazard quotient of 1.

Calculated values correspond to a cancer risk level of 1 in 1,000,000.

SSL for pH of 6.8.

A screening level of 400 mg/kg has been set for lead based on Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities (USEPA, 1994a).
Soil saturation concentration (C,,).

Residential RBCs (THQ=0.1) were used as a reference concentration for upper interval samples, Generic soil to groundwater SSLs (DAF=20) from the Soil Screening Guidance: Technical
Background Document (USEPA, 1996c) were used as a reference concentration for lower interval samples.

Calculated from methods described in USEPA. Interim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 2 (USEPA, 1995b).

Not detected

Not taken

Not listed

Not applicable

Micrograms per kilogram

Milligrams per kilogram

Nanograms per kilogram

Bolded concentrations exceed both the reference concentration (RBC or SSL) and the zone background.
All background values for Zone F are based on twice the means of the grid sample concentrations. One grid sample from Zone E is included in each group.
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Semivolatile Organic Compounds in Soil
Sixteen SVOCs were detected in soil samples at AOC 609. One benzo(a)pyrene detection
exceeded a surface soil RBC. No subsurface SVOC concentration exceeded a SSL.. Figure 10.54

presents total BEQ concentrations detected in surface soil.

Pesticides and PCBs in Soil
Two pesticides were detected in surficial soil. No PCBs were detected. No pesticide

concentration exceeded a RBC or SSL in surface or subsurface soil samples, respectively.

Other Organic Compounds in Soil
Concentrations of dioxin (2,3,7,8-TCDD TEQ) were detected in each of the three duplicate

surface soil samples collected. These concentrations were below the RBC.

Inorganic Elements in Soil

Twenty metals plus cyanide were detected in soil samples collected at AOC 609. Antimony,
arsenic, beryllium, and manganese concentrations exceeded both their respective RBCs and
background concentrations for Zone F surface soil. Iron was detected exceeding its RBC;
however, no background concentration is available for iron in surface soil. Figures 10.5-5
through 10.5-8 present the distribution of the inorganics that exceeded both RBCs and background

in surface soil. No inorganics were detected in subsurface soil samples exceeding their SSLs.

10.5.4 Groundwater Sampling and Analysis
The approved final RFI work plan did not include a groundwater investigation in the sampling and
analysis plan. However, seven existing wells (six shallow, one deep) within the AQOC 609 area

(Figure 10.5-1) were sampled during the field investigation to: (1) assess groundwater quality,

10.5.22
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and (2) identify contaminants which may be migrating from the site in the shallow aquifer. These
wells had been previously installed during S&ME’s 1995 investigation and removal of the UST
system at Building 1346. Five of the shallow depth wells consisted of two-inch diameter schedule
40 PVC riser attached to 10-foot sections of 0.010-inch factory-slotted well screen, installed to
a depth of approximately 13 ft bgs. One shallow depth well (SMEQOS) was completed with a four-
inch diameter riser. The deep well (SMEO06) was completed as a two-inch diameter well with a
total depth of 26 ft bgs (SM&E, March 29, 1995). Groundwater samples were analyzed for
metals, cyanide, pesticides/PCBs, SVOAs, and VOAs at DQO Level III. Table 10.5.5

summarizes groundwater samples and analyses at AQC 609.

Table 10.5.5

AOC 609 Groundwater Samples
Well Number Well Degth Samgle Identifier Date Samgled ﬂe‘ Remarks
SMENDT T O P T e |
SMEQ03 ~ Shallow ~ SME00301 o 1171396
SME004 . Shallow ©:.  'SMEDO401 117219
SMED05 N Shaliow SMEQOSOI 11/13/96
SMEDO6  ~ °  Deep . SMEQ0601 11/13/96
SMEQQ7 Shallow SMEQ0701* 11/13/96 Notes *Duplicate sample

14

SMEO08 Shallow -~ SMEO0801 11219 Nowel
Notes:

1
2

SW-846 (metals, pesticides/PCBs, SVOAs, and VOAs); cyanides Level 111

Appendix IX suite: Appendix IX (pesticides/PCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins,
OP-pesticides); cyanide; hex-chrome Level IV

* = Duplicate sample collected

SMEOQ02 was not sampled because the well was damaged
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10.5.4.1 Nature of Contamination in Groundwater

VOC, SVOCs, and inorganic analytes were detected in AOC 609 groundwater samples. Organic
analytical results for groundwater are summarized in Table 10.5.6. Inorganic analytical results
for groundwater are summarized in Table 10.5.7. Table 10.5.8 summarizes all analytes detected

in groundwater at AOC 609.

Volatile Detected in Groundwater Samples

Five VOCs were detected in shallow groundwater. Benzene, chlorobenzene, ethylbenzene,
toluene, and xylene, exceeded their respective tap water RBCs in the first quarter sampling. No
VOCs were detected in the first quarter sample cotlected from the deep well. Figures 10.5-9
through 10.5-13 present the distribution of these VOCs in shallow groundwater at AOC 609.

Semivolatiles Detected in Groundwater Samples

Seven SVOCs were detected in shallow groundwater. The concentrations of 2,4-dimethylphenol,
2-methylphenol, 4-methylphenol, and naphthalene, exceeded their respective tap water RBCs in
first quarter samples. Figures 10.5-14 through 10.5-17 present the distribution of these SVOCs

in shallow groundwater at AOC 609 during the first quarter sampling event.

Inorganic Elements in Groundwater Samples

Nineteen metals plus cyanide were detected in AOC 609 groundwater samples. Concentrations
of aluminum and arsenic exceeded both their respective RBC and shallow groundwater background
concentrations during first quarter sampling. Iron exceeded its respective RBC, but no
background is available for this metal in Zone F groundwater. Figures 10.5-18 through 10.5-21
present the distribution of these metals in shallow groundwater at AOC 609 during the first quarter

sampling event.
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Table 10.5.6
AOC 609
Organic Analytical Resuits for Groundwater

Range Mean Tap Number of
Frequency of of Water Samples
of Detections Detections RBC* MCL/SMCL" Exceeding
Parameters Interval Detection (/L) (ug/L)
o

Volatile Organic Compounds (6 Shallow Samples plus 1 Duplicate Sample/1 Deep Sample) (:g/L)
— S s e PNy T 0

Benzene
Chlorcbenzene Shallow 1/6 13 i 39 NL 1
Deep 0/1 ND
Ethylbenzene  Stallow: . s T 2400 n
Deep | o ) - ND 4
Toluene Shatlow 1/6 56000 56000 75 1000 1
Deep o1 ND ND 0
Kylene oo shallow. . W6 L 715000 ‘

Semivolaile Organic Compounds 6 plus 1 Duplecste Sample1 Decp Sempe) gL

2-Methylnapththalene Shaflow 1/6 48 150 NL 0
Deep o/ ND 0
- RN RN e s A ?
2-Methylphenol Shiallow::* O U 5 - 1000 ;
: - Deep . oot ND
4-Methylphenol Shallow 1/6 970 970 18 NL 1
Deep o/l ND ND 0
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Table 10.5.6
AOC 609
Organic Analytical Results for Groundwater
Range Mean Tap Number of
Frequency of of Water . Samples
of Detections Detections RBC* MCL/SMCL Exceeding
Parameters Interval Detection {(ug/L) (ug/L) (ug/L) {(ug/L) Reflerence
— — —— — —

Semivolatile Organic Compounds (6 Shallow Samples plus 1 Duplicate Sample/1 Deep Sample) ¢:g/L)

" Benzoic Ackl

. Shallow 726

Naphthalene Shallow 1/6
Deep 0/1
Phenol o Stallow . 106
.. . ‘, ot
Notes
NL Not listed

Tap water RBCs (THQ=0.1) from Risk-Based Concentration Table, January-June 1996 (USEPA, 1996b). MCLs/SMCLs from Drinking Water Regulations and Health Advisories (USEPA,
1996¢) were used as reference concentrations.

MCL = Maximum Contaminant Level
SMCL = Secondary Maximum Contaminant Level
gL = Micrograms per liter

Data presented are from the initial sampling event only.
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Table 10.5.7
AOC 609
Inorganic Analytical Resulis for Groundwater
Range Mean Tap Number of
Frequency of of Water Samples
of Detections Detections RBC* MCL/SMCL’ Exceeding
Parameters Interval Detection {ug/L) (ug/L) (ug/L) (g/L) RBC

Inorganics 6 plus 1 Duplicate Sample/1 Deep Sample) Go/t)

Aluminum - Shallow 66 S 1167748 P
Deep on ‘ "~ ND i
Arsenic Shallow 6/6 52-652
Deep 1711 38.7
Barium © . Shallow &6 .59-619 o
. - Deep 1 1] < X .
Calcium Shallow 6/6 1720 - 69800 17900 NL NIL. NA
Decp 1711 246000
Chromium . Shallow" LA 12.68-143
Cobalt Shallow 4/6 1.0-2.8
Decp 11 1.0
Copper S0 U shallow. w68
w0 Deep o ;7. ND NI
Cyanide Shallow 56 20-88 3.76 73 200 0
Deep o1 ND ND 0
Iron .. Shallow 6i6 - 1090 - 27300 1650 1200 30T s
Deep |1} L 9020 9020 BN b
Lead Shallow 3/6 62-88 7.67 15 15 0
Deep 0/1 ND ND 0
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Table 10.5.7
AOC 609
Inorganic Analytical Results for Groundwater

Range Mean Tap Number of
Frequency of of Water . Samples
of Detections Detections RBC* MCL/SMCL Exceeding
Parameters Interval Detection (ug/L}) {u=g/L) (ug/L) (ug/L) RBC

| Magnesiiim Shallow % . 66 - :
. Deep n ’
Manganese Shallow 6/6
Deep 171
. Mercury Sthallow | . 36
: Deep w1
Nickel Shallow 5/6
Deep 1”71
. Potassivm . ‘ Shallow : 516 fk
DI SR Déep - SRR T/ B
Selenium Shallow 2/6 4.1-13.5 8.8 18 50 ]
Deep 0/1 ND 0
siver - Shallow = U6 2
. i Deep o .. ND
Sodium Shallow 6/6 68000 - 1410000 458000 NL NL NA
Deep 111 1220000 1220000 NA
Vanadiom . Shattow . : -5/ 1.2-19.3 - . 7.38 NL ¥
: o Deecp o/l . ND . . ND '
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Table 10.5.7
AOC 609
Inorganic Analytical Results for Groundwater
Range Mean Tap Number of
Frequency of of Water . Samples
of Detections Detections RBC* MCL/SMCL Exceeding
Parameters Interval Detection (ug/L) (ug/L) {ug/L) (ug/L) RBC
= = s

Inorganics (6 Slnlloples plus 1 DupliSampleIl Deep Sample)

: Zinc S omllow v a6
" Detp 10 T 62

Notes:

NL = Not listed

ND = Not detected

NA = Not applicable

. = Tap water RBCs (THQ==0.1) from Risk-Based Concentration Table, Jaruary-June 1996 (USEPA, 1996b). MCLs/SMCLs from Drinking Water Regulations and Health Advisories (USEPA,
1996¢) were used as reference concentrations.

#g/L = Micrograms per liter

MCL = Maximum contaminant level

SMCL =  Secondary maximum contaminant level
Data presented are from initial sampling event only
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Table 10.5.8
AOC 609
Analytes Detected in Groundwater

Tap Water .
1" Quarter 2™ Quarter 3™ Quarter RBC MCL/SMCL
Parameters Location Couc. Conc. Conc, (.uglj {ug/L) Background
Volatile Organic Cnm {ug/L)
1.2 Dichloroethane 1 g S END
: o s SME006 ND
2-Butanonc SMEQO0S ND
Benzens | SME00S . 34000
Chlorobenzene SME004 11
Chloroform : -.: - . SME00S - .ND
Ethylbenzene SME00S 2400
Toluene o s ‘ - - SME00S
Xylene SMEO00S 15000
Semivolatile Omnlc?u;oumh (ug/L)

2,4-Disnethylphenol -

2-Methylnaphthalene SME005 48 110 64 150 NL NA
4-Methylphenol SMEO0S 970 260 290 18 NA
“Mimogtenol . sMpw3 _ ND____ WD 0w NA

10.5.35



Zone F RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 -- Site-Specific Evaluations
Revision: 0

Table 10.5.8
AOC 609
Anaslytes Detected in Groundwater

Tap Wn_(er .
1™ Quarter 2* Quarter 3" Quarter RBC MCL/SMCL
Parameters Location Conc. . onc. c. (ug/L) (g/L) Background
Semivolatile Organic Compounds (ug/L)
Bemzoic Acld v SMBOOL G0 104
i L S " SME008 " ND
B P . SMEDO0S 420
W S .- SMEOQT . ND
Naphthalene SME005 540 240 330
Penachlorophenol SMED0S ND ND 20

Antimony (Sb). SME001 ND 4.0 ND 1.5 6 NL
SMEQ03 ND 2.7 ND
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Table 10.5.8
AOC 609
Analytes Detected in Groundwater
Tap Wa.ter .
1" Quarter 2" Quarter 3 Quarter RBC MCL/SMCL
Location Conc. Conc. Conc. (ug/L) {ug/L) Background

Barium (Ba)

Cadmium (Cd) SMED03 ND 0.47 ND 1.8 5 0.82

SMEO00S ND 0.41 ND
SMEO008 ND ND 0712
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Table 10.5.8
AOC 609
Analytes Detected In Groundwater
Tap Wa_ter .
1" Quarter 2™ Quarter 3™ Quarter RBC MCL/SMCL
Parameters Location Conc. Conc. Conc. (ug/L) (ug/L) Background

14.3 4.2 2.1 18 100 2.05

Copper (Cu) 6.6 3.5 ND 150 1000 NL
ND 4.1 ND
ND ND 24 NL
ND ND 3.0
Cyanide (Cn) : 3 . SMBOO3 -+ 29 NT 73
CSMEDO4 . . 83 NT
o 23 NT
20 NT
28 NT
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Table 10.5.8
AOC 609
Analytes Detected in Groundwater
Tap Water .
1* Quarter 2™ Quarter 3™ Quarter RBC MCL/SMCL
Parameters Location Conc. Conc. Conc. {ug/L) (uzg/L) Background
—_— - e
Inorganics (ug/L)
* Iron (Fe)
Lead (Pb) SMEQ001 6.2

Manganese (Mn) SMEOC1 647
SMEQ03 45.6
SMEO(4 29.2
SMEQ0S 38.0 .
SMEQ06 1300 1740 1150 1260
SMEQ)7 186.5 61.2 78.95
SMEO008 195 139 121

10.5.39



Zone F RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 — Site-Specific Evaluations
Revision: 0

Table 10.5.8
AOC 609
Analytes Detected in Groundwater
Tap Wa.ler .
1* Quarter 2" Quarter 3™ Quarter RBC MCL/SMCL

Parameters Location Conc. Conc. Conc, (pgg) (ug/L) Background
s — =
Inorganics (ug/L)
. Mercury (Hg)

Nickel (Ni} . .
SME003 1.4 35 Nb

Selenium (Se) SME003 4.1 ND ND 18 50 NL
SMEDODS 13.5 10.8 8.2
SME0Q7 ND 4.4 ND
Silver (Ag) } .. SMBOO1 ND 1.8 NP B8 ] NL ‘
. SME0OT 27 ND ~ ND P .
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Table 10.5.8
AOC 609
Analytes Detected in Groundwater
Tap Water .
1" Quarter 2™ Quarter 3™ Quarter RBC MCL/SMCL
Parameters Location Cone. Conc. Conc. (ug/L) {g/L) Background
Inorganics (xg/L)
Sodium (Na) - - °
Thallium (T))
Vanadium (V)
Zinc (Zn) SMEQ03 13.6 ND 225 1100 5000 NL
SMEQ006 6.2 ND ND NL
SMEQ07 20.65 86.3 ND _
Notes:
NL = Not listed
NA =  Not applicable
MCL =  Maximum Contaminant Level
SMCL = Secondary Maximum Contaminant Level
ug/L = Micrograms per liter

1996¢) were used as reference concentrations.
Bolded concentrations exceed both the RBC and the zone background.

Tap water RBCs (THQ=0.1) from Risk-Based Concentration Table, January-June 1996 (USEPA, 1996h). MCLs/SMCLs from Drinking Water Regulations and Health Advisories (USEPA,

All background vatues for Zone F are based on twice the means of the grid sample concentrations. One grid sample from Zone E is included in each group. Background values for groundwater are based

on two sampling rounds in two wells at cach depth.
Well SMEQOG is complete in the lower portion of the surficial aquifer.

10.5.41



S - v
SMEQO8 . ° \
ND e

: X
7
Q . Ty —

) iy 5
o

7 g
vD e
@
- -7 MAINTENANCE
Yo BAYS
R SMEQQ4
: ND

SMEOO7
"ND®

SMEQQ3 ‘
ND _ q\@

100
LEGEND

@ — ADJACENT SHALLOW MONITORING
WELL NOT INSTALLED 8Y ENSAFE

.~ — CONTOUR INTERVAL - 0.1 FOOT

—— - FLOW DIRECTION

[]- < 0.36 wg/L

7l - > 0.36 ug/L

-——- — APPROXIMATE EXTENT

FEET

% RCRA FACILITY
F INVESTIGATION REPORT
% NAVAL BASE CHARLESTON

CHARLESTON, S.C.
NOTES: 0.36 ug/L = TAP RBC FOR
BENZENE (USEPA 1996b) FIGURE 10.5-9
_ ND = NOT DETECTED BENZENE IN SHALLOW GROUNDWATER
- RESULTS IN ug/L AQC #609
\ SERVICE STATION, BUILDING 1346
DWG DATE: 12/10/97 |DWG NAME: 2906A0CB




\‘\)’ + \
N
/ ’
S ®
) <+/
+
PR . o
R + 7
. ) - SMEQD8 . \
B ND e N
© @SMEOO1
\ . ND
Vst
APPROXIMATE LOCATION
OF WASTE OiL UST
SMEQO7 o
SMEQQ5 :
o) ND .~
SME003 o oS
ND Ak N
100 0 100
LEGEND S ——
@ — ADJACENT SHALLOW MONITORING FEET
WELL NOT INSTALLED BY ENSAFE
— -— — CONTOUR INTERVAL — 0.1 FOOT ZONE F
[]- <39 w/L | INVESTIGATION REPORT
7l - > 3.9 ug/L 7 NAVAL BASE CHARLESTON
o APPROXIMATE EXTENT CHARLESTON, S.C.
NOTES: s
T SR BencenE. (Usera 1986b) e,
A CHLOROBENZENE IN
— THIS DEPICTION ASSUMES
HOMOGENEOUS SOIL CONDITIONS SHALLO:’OgR#)éJO%DWATER
- zgsjunéormomﬁmo \ { SERVICE SATION, BUILDING 1346
Ha DWG DATE: 12/11/97 |DWG NAME: 2906CHAC




A
o
- MAINTENANCE
BAYS

SMEOQO7
ND

SMEQQ3
ND

LEGEND

® - ADJACENT SHALLOW MONITORING
WELL NOT INSTALLED BY ENSAFE

-— = CONTOUR INTERVAL — 0.1 FOOT

——— -~ FLOW DIRECTION

[]- < 130 ug/L
71 - > 130 wg/L
-——- — APPROXIMATE EXTENT

— 130 ug/L = TAP RBC FOR
ETHYLBENZENE (USEPA 1996b)

— ND = NOT DETECTED

— RESULTS IN ug/L

; / +/+ )
S ®
e
<
\ 7z

%
+\*\

ZONE F

% RCRA FACILITY

4 INVESTIGATION REPORT

4 NAVAL BASE CHARLESTON
CHARLESTON, S.C.

FIGURE 10.5—11
ETHYLBENZENE IN
SHALLOW GROUNDWATER
AOC #609

SERVICE STATION, BUILDING 1346

DWG DATE: 12/10/97 |DWG NAME: 2906ETHY




T BAYS

. MAINTENANCE
SMEOO4
ND®

SMEOQO7
ND®

SMEQQ3
ND

LEGEND

ADJACENT SHALLOW MONITORING
WELL NOT INSTALLED BY ENSAFE

CONTOUR INTERVAL - 0.1 FOOT
FLOW DIRECTION

< 75 ug/L
> 75 ug/L
APPROXIMATE EXTENT

75 ug/L = TAP RBC FOR
TOLUENE (USEPA 1996b)
ND = NOT DETECTED
RESULTS IN ug/L

FEET

ZONE F

% RCRA FACILITY

4 INVESTIGATION REPORT

7 NAVAL BASE CHARLESTON
CHARLESTON, S.C.

FIGURE 10.5-12
TOLUENE IN SHALLOW GROUNDWATER
AOC #609
SERVICE STATION, BUILDING 1346

DWG DATE: 12/10/97 |DWG NAME: 290610LU




N\

O

Gy
N

~ MAINTENANCE
S

SMEDO4

ND

SME0Q7
“ND®

LEGEND

ADJACENT SHALLOW MONITORING
WELL NOT INSTALLED BY ENSAFE

~ CONTOUR INTERVAL - 0.1 FOOT
- FLOW DIRECTION

- < 73 wg/L
> 73 ug/L

= TAP RBC FOR
2,4—DIMETHYLPHENOL (USEPA 1996b)

— ND = NOT DETECTED

~ RESULTS IN ug/L

+ N\
/ +
yd ’
N §
< ®
¢ <
+
\ .
O,
+\"
A +
\\x‘-"‘_
- @SME001
B8Ry
PN
APPROXIMATE LOCATION
OF WASTE\OIL UST
S
oo Q\Q’\’o
100 0 100
FEET

w ZONE F

% RCRA FACILITY

4 INVESTIGATION REPQRT

7 NAVAL BASE CHARLESTON
CHARLESTON, S.C.

FIGURE 10.5-14
2,4~DIMETHYLPHENGQL IN
SHALLOW GROUNDWATER

AOC #609
SERVICE STATION, BUILDING 1346

DWG DATE: 12/10/97 |JDWG NAME: 2906Di24




+ N\
e
)
_ S ®
/
<
. %

.
SMEQD8  *. \
ND & .

. : X
ON T

&

- MAINTENANCE
BAYS @
SMEQQ4
ND®

SMEQO7
NDe

SMEQQ3
ND

LEGEND

ADJACENT SHALLOW MONITORING
WELL NOT INSTALLED BY ENSAFE

S CONTOUR INTERVAL — 0.1 FGOT
—_— FLOW DIRECTION

< 180 ug/L
4 — > 180 ug/L

-—-—- — APPROXIMATE EXTENT

®
|

FEET

ZONE F

% RCRA FACILITY

i INVESTIGATION REPORT

'/ NAVAL BASE CHARLESTON

(]
|

CHARLESTON, S.C.
NOTES:
— 180 ug/L = TAP RBC FOR FIGURE 10.5-15
2—METHYLPHENOL (USEPA 1996b) E 2—METHYLPHENOL IN
- ND = NOT DETECTED SHALLOW GROUNDWATER
— RESULTS IN ug/L AOC #609

\ SERVICE STATION, BUILDING 1346
DWG DATE: 12/10/97 |DWG NAME: 2906MET2




SMEQQ7
ND®

SMEQQ3
ND

LEGEND

ADJACENT SHALLOW MONITORING
WELL NOT INSTALLED BY ENSAFE

CONTOUR INTERVAL - 0.1 FOOT
FLOW DIRECTION

< 18 ug/L

> 18 ug/L

APPROXIMATE EXTENT

18 pg/L = TAP RBC FOR
4—METHYLPHENOL (USEPA 1996b)
ND = NOT DETECTED

RESULTS IN ug/L

/o '
APPROXIMATE LOCATION
OF WASTE OIL UST

FEET

ZONE F

% RCRA FACILITY

f INVESTIGATION REPORT

7 NAVAL BASE CHARLESTON
CHARLESTON, S.C.

FIGURE 10.5-16
4—METHYLPHENOL IN
SHALLOW GROUNDWATER
AOC #609
SERVICE STATION, BUILDING 1346

DWG DATE: 12/10/97 JOWG NAME: 2906MET4




. E . P t +

: " MAINTENANCE
BAYS
SME0Q4
APPROXIMATE LOCATION
OF WASTE OiL UST
SMEQQ7 ‘
ND®
SME003 o Vg‘o
ND W ¥
100 0 100
LEGEND
®  — ADJACENT SHALLOW MONITORING FEET

WELL NOT INSTALLED BY ENSAFE

— .= = CONTOUR INTERVAL - 0.1 FOOT
———— — FLOW DIRECTICN

[0 - < 150 wg/L

71 - > 150 wg/L
------ — APPROXIMATE EXTENT

% ZONE F

% RCRA FACILITY

Y INVESTIGATION REPORT

7 NAVAL BASE CHARLESTON
CHARLESTON, S.C.

NOTES: g o
— 150 ug/L = TAP RBC FOR FIGURE 10.5-17
NAPTHALENE (USEPA 1996b) . NAPTHALENE IN
— ND = NOT DETECTED SHALLOW GROUNDWATER
— RESULTS IN pg/L AQC #609

\ SERVICE STATION, BUILDING 1346

DWG DATE: 12/10/97 |[DWG NAME: 2906NAPT




>

) .
MAINTENANCE

YSSMEOO4
1160

SMEOQOQ3
127

LEGEND

e \

ADJACENT SHALLOW MONITORING
WELL NOT INSTALLED BY ENSAFE

CONTOUR INTERVAL - 0.1 FOOT
FLOW DIRECTION

< 3,700 ug/L

> 3,700 pg/L

APPROXIMATE EXTENT

3,700 wug/L = TAP RBC FOR
ALUMINUM (USEPA 1996b)
ND = NOT DETECTED
RESULTS IN ug/L

SMEQO1
4,450

APPROXIMATE LOCATION
OF WASTE OIL UST

SMEQQS
458 -

)
A O
.\&0 Q\@
100 0 100
T S—
FEET

% ZONE F

% RCRA FACILITY

B INVESTIGATION REPORT

7 NAVAL BASE CHARLESTON
CHARLESTON, S.C.

FIGURE 10.5- 18
ALUMINUM IN
SHALLOW GROUNDWATER
AOC #609
SERVICE STATION, BUILDING 1346

DWG DATE: 12/10/97 |DWG NAME: 2S06ALUM




A
\X-__—-‘_

SMEQO1
65.2

/!
APPROXIMATE LOCATION
OF WASTE OIL UST

SMEQQ3
6.5

LEGEND

ADJACENT SHALLOW MONITORING W
WELL NOT INSTALLED BY ENSAFE

CONTOUR INTERVAL — 0.1 FOOT
FLOW DIRECTION

< 16.7 ug/L

> 16.7 ug/L

APPROXIMATE EXTENT

16.7 ug/L = ZONE F BACKGROUND
CONCENTRATION FOR ARSENIC N
SHALLOW GROUNDWATER

ND = NOT DETECTED

RESULTS IN ug/L

n ZONE F

) RCRA FACILITY

% INVESTIGATION REPORT

% NAVAL BASE CHARLESTON
CHARLESTON, S.C.

FIGURE 10.5-19

ARSENIC IN SHALLOW GROUNDWATER
AOC #609

SERVICE STATION, BUILDING 1346

DWG DATE: 12/10/97 |OWG NAME: 2906ARSE




, “—" MAINTENANCE

LEGEND

DEEP MONITORING WELL
FLOW DIRECTION

< 16.2 ug/L
> 16.2 ug/L
APPROXIMATE EXTENT

16.2 wg/L = ZONE F BACKGROUND
CONCENTRATION FOR ARSENIC IN
DEEP GROUNDWATER

ND = NOT DETECTED

RESULTS IN ug/L

WELL SMEOD6 INSTALLED IN DEEPER
PORTION OF SURFICIAL AQUIFIER

APPROXIMATE LOCATION
OF WASTE OIL UST

S
\ O
O ¢©
100 0 100
e
FEET

n ZONE F

) RCRA FACILITY

§ INVESTIGATION REPORT

# NAVAL BASE CHARLESTON
"9/ CHARLESTON, S.C.

oo

FIGURE 10.5-20
ARSENIC IN DEEP GROUNDWATER
AOC #609
SERVICE STATION, BUILDING 1346

DWG DATE: 12/10/97 |DWG NAME: 2906DPAG
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FIGURE 10.5-21
MANGANESE IN DEEP GROUNDWATER
AOC #609
SERVICE STATION, BUILDING 1346
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The concentrations of arsenic and manganese detected in the deep groundwater sample exceeded
the respective RBCs and Zone F background concentration during first quarter sampling.
Figures 10.5-20 and 10.5-21 presents the distribution of arsenic and manganese in deep

groundwater at AOC 609.

10.5.5  Fate and Transport Assessment for AOC 609

Environmental media sampled as part of the AOC 609 investigation include surface soil,
subsurface soil, and shallow and deep groundwater. Potential constituent migration pathways
investigated for AOC 609 include soil-to-groundwater, groundwater-to-surface water, and

emission of volatiles from surface soil-to-air.

10.5.5.1 Soil-to-Groundwater Cross-Media Transport

Table 10.5.9 compares maximum detected organic constituent concentrations in surface soil and
subsurface soil samples to risk-based soil screening levels considered protective of groundwater.
For inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based soil
screening levels, or (b) background concentrations. To provide a conservative screen, generic soil
screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20:1,

with no attenuation of constituents in soil (DAF=20).

No organic constituents were detected in AOC 609 surface or subsurface soil above groundwater
protection SSLs. Therefore, even though a number of organics were present in surface and
subsurface soil above analytical detection limits, their leachability to groundwater is expected to
be insignificant.
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Table 10.5.9

Chemicals Detected in Surface Soil, Subsurface Soil, Shatlow Groundwater, and Deep Groundwater
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations
NAVBASE Charleston, Zone F: AOC 609

Charleston, South Carolina

Max. Concentration | Max. Concentration Screening Concentration * Ground- Surface
Soil 10 Saltwater Water  Water
Surface Subsurfac| Shallow  Deep GW  Tap Water Surf Wir.| Soil Water|Leaching Migration Migration
Parameter Soil Soil GW GW SSL RBC Chronic | Units Units | Potential Concern Concern
Volatile Organic Compounds

Acetone 860 ND ND ND| 16000 3700 NA|uexe uow NO NO NO
[Acrolein 89 NA ND ND 2940 730 0.55f vaxc uveL NO NO NO
Benzene ND ND 34000 ND 30 0.36 109t voxG  uca NO YES YES
-Butanone (MEK) 8 7 ND ND 7900 1900 NA} uexG  weL NO NO NO
arbon disulfide 3 ND ND ND 32000 1000 NA|vaxé s NO NO NO
hiorobenzene ND ND 11 ND 1000 39 105| voxG  ugn NO NO NOC
1,1-Dichloroethenc 4 ND ND ND 23000 810 NA|vexG  uGL NO NO NO
thylbenzene ND ND 2400 ND 13000 1300 43| vexé ueL NO YES YES
oluene ND ND| 56000 ND 12000 750 37 vexe  uar NO YES YES
richloroethene 4 7 ND ND 60 1.6 NA|uvexGe uer NO NO NO
ylene (total) ND ND 15000 ND| 142000 12000 NA|uvexGc uaL NO YES NO

Semivolatile Organic Compouuds
Benzoic acid 52 ND 420 ND| 400000 150000 NA|vGxG uGr NO NO NO
Benzo(g,h,i)perylene 124 ND ND ND| 4.66E+H08 1500 NA|uexe uce NO NO NO

Benzo(a)pyrene equivalents
Benzo{a)anthracene 150 ND ND ND 2000 0.092 NA|uexkG uGL NO NO NO
Benzo{a)pyrene 160 81 ND ND 8000  0.0092 NA|uvoxe wuas NO NO NO
Benzo(b)fluoranthene 150 ND ND ND 5000 0.092 NA|uoxe uas NO NO NO
Benzo(k)fluoranthene 135 ND ND ND 49000 0.92 NA]uoexG ucL NO NO NO
Chrysene 180 ND ND ND 160000 92 NA|uaxc uca NO NO NO
Dibenzo(a,h)anthracene 50 ND ND ND 2000  0.0092 NAluoxc uc NO NO NO
Indeno([,2,3-cd)pyrene 104 ND ND ND 14000 0.092 NAjuexc ucL NO NO NO
Butylbenzylphthalate ND 56 ND ND| 930000 7300 294| uoxe ucL NO NO NO
Di-n-butyiphthalate 40 42 ND ND{ 2300000 3700 34| uaxe ucL NO NO NO
4-Dimethyiphenol ND ND 380 ND 9000 730 NA|uexe wueL NO NO NO
bis(2-Ethylhexyl)phthaiate (BEHP) 84 58 ND ND| 3600000 a8 NA|uexke uo NO NO NO
Fluoranthene 340 ND ND ND| 4300000 1500 1.6|vexe ucrL NO NO NO
2-Methylnaphthaiene 55 ND 48 ND| 126000 1500 NAluoxe ueL NO NO NO
2-Methylphenol (o-cresol) ND ND 1000 ND 15000 1800 NA|uoxc voa NO NO NO
l4-Methylphenol (p-cresol) ND ND 970 ND 1380 180 NA|uexG e NO YES NO
[Naphthalene ND ND 540 ND 84000 1500 23.5| ueké v NO NO YES
Phenanthrene 160 ND ND ND| 1380000 1500 NA|vexeé wuvar NO NO NO
Phenal ND ND 810 ND; 100000 22000 58| voxe uea NO NO YES
Pyrene 300 ND ND ND{ 4200000 1100 NA|uvoxke uGa NO NO NO
Peaticides/PCB Compounds
4,4'-DDD 29 NA ND ND 16000 0.28 0.025| voxG woL NO NO NO
4.4'-DDE 84 NA ND ND 54000 02 014 usxc uvaL NO NO NO
Dioxin Compounds
IPioxin (TCDD TEQ) 0.686 NA ND NA 1900 043 10} nax6  PoL NO NO NO
Inorganic Compounds

Aluminum 16700 9880 7750 ND| 1000000 37000 NA|MoxG  uga NO NO NO
Antimony 122 ND ND ND 5 15 NA|maxe ue YES NO NO
Arsenic 114 64 65.2 387 29 6.7 36| MoxG  uen YES YES YES
Barium 889 245 61.9 646 1600 2600 NA|MoxG uGrL NO NO NO
Beryllium ).45 ND ND ND 63 0.66 NA|MaxG ucL NO NO NO
admium 0.47 0.12 ND ND B 18 93|maxc  uca NO NO NO
hromium (total) 378 20! 143 ND 38 180 50{ Maxc uca NO NO NO
Cobalt 185 2 28 1 2000 2200 NA{MGaxG uca NO NO NO
opper 120 ND 6.6 ND 920 1500 29| Mexc ucL NO NO YES
yanide 027 NA 88 ND 40 730 43\mMoxG  vaa NO NO YES
Lead 320 14.3 88 ND 400 15 85(mMoxG  ucL NO NO YES
Manganese 393 76.1 647 1300 1100 2010 NA|MGKG  uer NO NO NO




Table 10.5.9

Chemicals Detected in Surface Soil, Subsurface Soil, Shallow Groundwater, and Deep Groundwater
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations
NAVBASE Charleston, Zone F: AOC 609

Charleston, South Carolina

Max. Concentration | Max. Concentration Screening Concentration * Ground- Surface

Soit to Saltwater Water  Water

Surface Subsurfac | Shallow  Deep GW  Tap Water Surf. Wu.| Soil Water|Leaching Migration Migration

Parameter Soil Soil GW GW SSL RBC Chronic |Units Units | Potential Concern Concemn

IMercury 0.45 0.06 022 ND 2 11 0.025] MoxG  uGL NO NO YES
Rickel 284 34 56 9.3 130 130 6l.]|MoxG e NO NO NO
Setenium ND ND 13.5 ND 5 180 71| mMoxe  uga NO NO NO
Silver ND ND 27 ND 34 180 2.7 moxé v NO NO NO
Tin 25 ND ND ND 11000 22000 NA|mMoxG  ucL NO NO NO
Vanadium 44 284 193 ND 6000 260 NA|MG®G  uca NO NO NO
Zinc 716 348 207 6.2 12000 11000 86| MoxG v NO NO NO

* Screening Concentrations:

Soil to GW - Generic SSLs based on DAF = 20, from 1996 Soil Screening Guidance or calculated using values from Table 6.4
Tap Water RBC - From EPA Region 111 Risk-Based Concentration Table, June 3, 1996
Saltwater Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulietins, Ecological Risk Assessment, November 1995; Table 2
For inorganics, the value shown is the greater of the relevant screening value or the corresponding background reference value.

NA - Not available/Not applicable
ND - Not detected

DAF - Dilution and attenuation factor
GW - Groundwater

RBC - Risk based concentration
SSL - Seil screening level

MG/KG - Milligrams per kilogram
NG/KG - Nanograms per kilogram
PG/L - Picograms per liter
UG/KG - Micrograms per kilogram
UG/L - Micrograms per liter



Zone F RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 — Site-Specific Evaluations
Revision: 0

Two inorganic constituents — antimony and arsenic — were detected in soil samples above their
respective groundwater protection SSLs or background values. Specifically, antimony was
detected above the SSL in only one surface soil sample, but was not detected in the associated
subsurface sample. Arsenic was detected above screening criteria in all six surface soil samples,
but was below the SSL in all subsurface soil samples. The absence of inorganic constituents in

subsurface soil above SSLs invalidates the soil to groundwater pathway.

10.5.5.2 Groundwater-to-Surface Water Cross-Media Transport

Table 10.5.9 also compares maximum detected organic constituent concentrations in shallow and
deep groundwater samples to tap water RBCs and to chronic ambient saltwater quality criteria
values for the protection of aquatic life (saltwater surface water chronic screening values). For
inorganics, maximum concentrations in groundwater are compared to the greater of (a) tap water
RBCs, or (b) background concentrations for groundwater, as well as to the saltwater surface water
chronic values. To provide a conservative screen, no attenuation or dilution of constituents in

groundwater is assumed before comparison to the relevant standards.

In three quarters of sampling data, five organics — benzene, ethylbenzene, toluene, xylenes, and
4-methylphenol — exceeded the RBC values, and five — benzene, ethylbenzene, toluene,
napthalene, and phenol — exceeded the surface water chronic values. All of these exceedances
were detected exclusively in shallow groundwater, thus focusing the evaluation and eliminating
consideration of deep groundwater transport for organics. However, it should be considered that
a downward potential for migration exists at Zone F (see Section 2) , and could be a factor in
transport of AOC constituents downgradient of the site proper. Organic exceedances were fimited
horizontally to location SMEQOS; this location, however, is the furthest downgradient and may
indicate that organic contamination has migrated offsite. None of these compounds were detected
in soil, indicating there is a lack of residual contaminant mass onsite contributing to groundwater

contamination. However, the presence of residual contamination upgradient of location SMEQO5

10.5.57

13

14

15

16

17

18

1%

20

21

22

23

24

25



Zone F RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 — Site-Specific Evaluations
Revision: 0

that has not been found due to sample point density is probable, particularly given that upgradient
wells did not exhibit organic contamination. Trends in organics over the three sampling events
indicate significant attenuation of those constituents exceeding RBCs, and of the analytes detected
in the initial round, only benzene, toluene, and 4-methylphenol remained above the RBCs for the
third quarter event. Similarly, those compounds above surface water criteria exhibited significant
attenuation from first to third quarter; however , they all remained above the criteria for the third

quarter event.

Arsenic was detected at concentrations in shallow and deep groundwater at four locations
exceeding both the RBC and the surface water screening criteria. In addition, copper, cyanide,
lead and mercury in shallow groundwater exceeded their respective surface water criteria.
Without exception, the concentration of these constituents decreased with depth. There is no clear
distributional trend of these constituents laterally across the site. Arsenic was the most frequently
detected inorganic in groundwater, and, as noted, is the only inorganic that remains at significant
concentrations (above screening criteria) in the deep zone, There were no clear trends in arsenic
or copper concentrations over time: arsenic remained above the RBC in three of six shallow
samples and above surface water criteria in two of six first quarter, one of six second quarter and
two of six in third quarter samples, while copper remained above surface water criteria in one of
four first quarter shallow samples and two of four second quarter and one of four third quarter
samples. Lead and mercury exhibited a downward trend in three of four samples. Lead remained
above surface water criteria in one of four during the three quarters. Given the lack of a clear
source for these inorganics in groundwater, and particularly the somewhat ubiquitous occurrence
of arsenic, consideration should be given that they fall within the range of ambient conditions,

rather than relying on a singular threshold value to define contamination.

The groundwater migration pathway appears to have some merit with regard to organic and

inorganic transport at levels exceeding both RBCs and surface water discharge criteria, However,
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the groundwater in the surficial aquifer is not currently used for consumption, nor is it anticipated
to be used in the future, thus invalidating the risk-based exposure pathway. Additionally, the
nearest surface water body is the Cooper River, which lies approximately 1,800 feet to the
northeast, while groundwater at AOC 609 flows to the southeast (see Section 2). Consequently,
there is no likelihood of site groundwater discharging to surface water within reasonable proximity

at concentrations deleterious to ecological receptors.

10.5.5.3 AOC 609 — Soil-to-Air Cross-Media Transport

Table 10.5.10 lists the VOCs detected in surface soil samples collected at AOC 609, along with
corresponding soil-to-air volatilization screening levels. Acrolein and 2-Butanone were present
at levels exceeding volatilization criteria; however, the entire site is covered with pavement and/or
structures which overly surface soil. Consequently, the soil-to-air migration pathway is

insignificant at AOC 609.

10.5.5.4 AOC 609 — Fate and Transport Summary

No organic compounds were detected above applicable SSLs in either surface or subsurface soil.
Further, two metals (arsenic and antimony) were present above SSLs in surface soil, but
were below SSLs in subsurface soil. The lack of any constituents in subsurface soil above SSLs
provide evidence that the soil-to-groundwater pathway at AOC 609 is invalid. Additionally, the
entire site area is covered with buildings or asphalt, which eliminates precipitation as a leaching
agent. Several organics were detected in groundwater above applicable RBCs and/or surface water
protection values; these were restricted to one location (the furthest downgradient) and to shallow
groundwater. In general, these constituents showed a decrease in concentration over three quarters
of sampling, indicating the presence of a dynamic attenuation mechanism coupled with probable

source diminishment. Four metals were detected in shallow groundwater and one (arsenic) was
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Table 10.5.10

Soil to Air Volatilization Screening Analysis
NAVBASE Charleston, Zone F: AOC 609

Charleston, South Carolina

Maximum
Concentration Soil to

in Surface Air Exceeds

VOCs Soil SSL* Units SSL
|Acetone 860 100000000 UG/KG NO
[Acrolein 89 NA UGKG NO
2-Butanone (MEK) 8 10000 UG/KG NO
rCarbon disulfide 3 720000 UGKG NO
1,1-Dichloroethane 4 1300000 UGKG NO
Trichloroethene 4 5000 UG/KG NO

* . Soil screening levels for transfers from soil to air were obtained from USEPA Soil

Screening Guidance, Technical Background Document Appendix A, May 1996

(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA
Region III Risk-Based Concentration Table, June 1996. Value for 2-Butanone was

estimated.
NA - Not available
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present above screening criteria in both the shallow and deep groundwater. With the exception
of one (lead), no clear temporal trends are notable. Given the lack of a source, and in particular
the persistent occurrence of arsenic, consideration should be given that these concentrations are
within the ambient range. The surficial groundwater pathway for risk-based exposure is invalid
due to the non-use of groundwater. The nearest surface water is a significant distance away and
is inconsistent groundwater flow direction from the site, and is therefore not considered significant

with respect to this AOC.

10.5.6  Human Health Risk Assessment

10.5.6.1 Site Background and Investigative Approach

AOC 609 is the former gasoline station and automotive repair and maintenance shop at
Building 1346. Nearly all of the site area is covered by the building and surrounding asphalt
pavement. Materials released, stored, or disposed of at the site include gasoline, diesel fuel,

motor/lubricating oils, degreasing solvents, antifreeze, and various automotive products.

Six soil samples were collected from each of the upper and lower intervals to identify potential
impacts resulting from the activities listed above. Surface soil samples from all six boring
locations were used to quantitatively assess soil exposure pathways. Six existing shallow and one
deep monitoring well were sampled, and data from the first quarter sampling event were used to
quantitatively assess groundwater exposure pathways. Sections 10.5.3 and 10.5.4 summarizes the

sampling effort for AOC 609 soil and groundwater.

10.5.6.2 COPC Identification

Soil

Based on the screening comparisons described in Section 7 of this CSI and presented in
Table 10.5.11, BEQs, antimony, arsenic, beryllium, and manganese were identified as COPCs

in surface soil.
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Groundwater

As shown in Table 10.5.12, aluminum, arsenic, benzene, chlorobenzene, toluene, and xylene
(total), 2,4-dimethylphenol, ethylbenzene, 2-methylphenol, 4-methylphenol, and naphthalene were
identified as a COPCs for shallow groundwater at AOC 609,

10.5.6.3 Exposure Assessment

Exposure Setting

AOC 609 is in an urban setting on the former naval base, near the western boundary of the
installation. The site is surrounded by a large asphalt parking lot to the west, grass-covered open
fields to the south and east, and buildings to the north. Nearly 100 percent of the site area is

covered by the building and surrounding pavement.

Potentially Exposed Populations

Potentially exposed populations are current and future site workers. Additional potentially
exposed populations are hypothetical future site residents, adolescent site trespassers, or future
recreational users. Future site resident and worker exposure scenarios were addressed
quantitatively in this risk assessment. The future site resident scenario was built on the premise
that existing features would be removed and replaced with dwellings. Current exposure to
workers is discussed qualitatively in relation to the future workers; future recreational users are
addressed qualitatively in relation to future residents; and current adolescent trespassers are
addressed qualitatively in relation to future site child residents. The hypothetical future site
worker scenario assumes continuous exposure to surface soil conditions. Current site workers'
exposure would be less than that assumed for the hypothetical future site worker scenario because
of their limited soil contact (the paved surfacing would prevent direct contact to a portion of the
site). Therefore, future worker assessment is considered to be conservatively representative of
current site users. Similarly, the future site residential scenario is considered conservatively

representative of the current trespasser and the future recreational scenarios.
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Table 10.5.11

Chemicals Present in Site Samples

AOC 809 - Surface Soil

NAVBASE - Charieston, Zone F
Charleston, South Carolina

Frequency Range Average Range Screening _ Numbest
of of Detected of Concentrations Exceeding
Parameter Detection Detaction Conc. sQL RBC Referance| Units | RBC Ref.
Carcinogenic PAHs
B(a)P Equiv. * 3 6| 44.0515 261.88 11B| 439.08 473.755 88 NA| UG/KG 1
Banzo{a)anthracene 1 8 150 150 150 190 230 880 NA| UG/KG
anzo{b)fiuoranthene 1 ] 150 150 150 180 230 880 NA|] UG/KG
Chrysene 2 8 515 180 118 100 230 88000 NAJ UG/KG
Dibenz(a,h)anthracene 1 € 80 80 80 180 230 88 NA| UG/KG
indeno{1,2 3-cd)pyrene 1 -] 103.5 1035 104 180 230 880 NA| UG/KG
Benzo(k)fluoranthene 1 6 135 135 138| 180 230 8800 NA| UG/KG
Benzo(a)pyrene *f 3 8 “ 160 a4l 100 205 88 NA| UGKG 1
TCDD Equivalents
Dioxin Equiv. 3 3| 0.0848 0.8856 0.40 NA NA 1000 NA| NG/KG
1234678-HpCDD 3 3 3.13 15.4 1" NA NA NA NA| NG/KG
123478-HxCOD 1 3 019 019 0.8} 0.0835 Q.1385 NA NA! NGKG
123878-HxCDD 1 31 0375 0375 0.38] 0.0805 0.101 NA NA| NG/KG
123780-HxCDD 1 3| 0885 0.886 0.87| 0083 0.1055 NA NA| NGKG
234878-HxCDF 3 3| 0.336 0.837 0.56 NA NA NA NA| NGKG
123478-HxCDF 2 3| o0.842 o0.848 0.85| 0037 0.037 NA NA| NG/KG
JoCoD 2 3 173 220 197 2.03 203 NA NA| NG/KG
inorganics
uminum (A7) 8 6] 4820 16850 9748 NA NA 7800  18500| MG/KG 5
timony {Sb) * 1 6 12.2 12.2 1220 0.17 075 31 0.78] MG/KG 1 1
nic (As) ‘ & 8 29 1138 2573 NA NA 0.43 19.9} MG/KG & 1
Barium (Ba) 6 6] 164 8885 4248] NA NA 550 61.5| MG/KG 1
Beryllium (Be) * 4 8 0.58 1.45 0.82| 0.185 0.2 0.15 1.05| MG/XG 4 1
Cadmium (Cd) 4 ] 0.08 047 0.26] 0.025 0.025 39 0.26| MG/KG 2
Calcium {Ca) N 8 8] 8735 233800 10880 NA NA RA NA| MG/XG
Chromium (Cr) 6 6 41 378 2077 NA NA a9 34.8| MG/KG 1
Cobalt (Co) 5 8 35 18.5 9598| 0455 0.455 470 15.1] MG/KG 1
Copper (Cu) 3 ] 404 1198 69.70 07 161 310 48.2| MGKG 2
Cyanide (CN) 2 3| o013 o027 0.20| 0055 0.055 160 0.28) MG/KG
iron (Fe) N ;] 6 3120 22050 13345 NA NA NA NA| MG/KG
Lead (Pb)} 1] 8 10.5 320 110 NA NA 400 180] MG/KG 1
agnesium {Mg) N [] ] 3035 2480 1488 NA NA| NA NA| MG/KG
anganese (Mn) * ] ] 858 23925 204 NA NA| 180 307| MG/KG 3 )]
ercury (HQ) 5 8 0.06 045 0.22] 0.02 0.02 23 0.62| MG/XG
Nickel {Ni) 6 (-] 24 284 12.76 NA NA 180 12.6] MG/XKG 2
Potassium (K) N 5 8 445 1390 817| 1135 113.5 NA NA| MG/KG
Tin (Sn) 2 8| 19.25 25 2213f 05 465 4700 £.38| MG/KG 2
[Vanadium (V) 6 6{ 6.15 a4 27.1% NA NA 55 48.9| MG/KG
Zine (Zn) 5 6 120 7155 291 46 48 2300 198| MG/KG 3
Pesticides
4.4-DD0 2 3 kX] 29 16.45 14 14 2700 NA| UGKG
4'-DDE 3 3 44 84 3447 NA NA 1800 NA| UGKG
Semivolatile Organics
Benzo{g,h,i)perylene 2 (] 4 1235 83.75 180 230 2310000 NA| UG/KG
Benzoic acid 1 ] 52 52 52 850 1100| 31000000 NA| UG/XG
bis{2-Ethylhexyl)phthalate 3 ] 43 84 64 190 230 46000 NA| UG/XG
Di-n-butylphthalate 1 8 40 40 40 180 230] 780000 NAT UG/KG
Fiuoranthene 2 ] 54 340 167 150 230| 310000 NA| UG/KG
-Methyinaphthalene 1 ] 55 55 55 190 230| 310000 NA| UG/KG
Phenanthrene 2 6 58.5 160 109.75 190 230| 310000 NA| UGKG
Pyrene 2 8 52.5 300 176.25 190 230] 230000 NA| UG/KG




Table 10.5.11

Chemicals Presant in Site Samples
AQC 809 - Surface Soil

NAVBASE - Charleston, Zone F
Charteston, South Carolina

Frequency Range Average Range Screening Number

of of Detected of Concentrations Excesading

Parameter Detection Detection Conc. SaL RBC  Reference]| Units | RBC Ref.

Volatile Organics

IAcetone 2 [} 62 860 461 8 70] 780000 NA| UG/KG
Acrolein 2 3 48 88 88.5 ao 30| 160000 NA| UG/KG
2-Butanone 2 6 7 8 7.5 € 80| 4700000 NA| UGKG
arbon disulfids 3 6 2 3 267 3 3.5| 780000 NA| UG/KG
1.1-Dichloroethene 1 8 4 4 4 3 3.5 1100 NA| UG/KG
richloroethene 2 8 2 4 3 3 35 58000 NA|) UG/KG

* . Identified as a COPC

N - Essential nutrient

SOL - Sample quantitation limit
MG/KG - miligram per kilogram
UG/KG - microgram per kilogram
NG/KG - nanogram per kilogram
NA - Not applicable




Table 10.5.12

Chemical Present in Site Samples
AOC 609 - Groundwater
NAVBASE - Charleston, Zone F
Charieston, South Carolina

Frequency Range Average | Range Screening Number
of of Detected of Concentration Exceeding
Parameter Detection Detection Conc. SQL RBC Reference|Units| RBC Ref.
Inorganics
Lﬁluminum (Al . 6 7| 116 7745 2173{ 18 18| 3700 224| UG/L 2 3
rsenic (As) . 7 7] 5.2 65.2 27.36] NA NA| 0.045 16.7| UG/L 7 4
Barium (Ba) 7 71 59 64.6 36.73] NA NA| 260 94.3|UG/L
Calcium (Ca) N 7 7} 1720 246000 52404 NA NA| NA NA]UG/L
Chromium (Cr)} 2 7| 1265 14.3 13.48| 08 08 18 2.05|UG/L 2
Cobalt (Co) 5 7 1 28 1.76] 09 09} 220 10.8{UGL
Copper (Cu}) 1 71 66 6.6 66| 06 52 150 NA|UG/L
Cyanide (CN} 5 7 2 8.8 3.76 2 2 73 3.3|UGIL 1
Iron (Fe) N 7 7] 1080 27300 10331 NA NA| NA NA| UG/
Lead (Pb) 3 71 62 8.8 7671 1.7 17] 15 NA|UGIL
Magnesium (Mg) N 7 7] 1570 136000 43370 NA NA NA NA|UG/L
Manganese (Mn) 7 7| 29.2 1300 3488 NA NA 84 2010 UG/IL 4
Mercury {Hg) 3 71 0.17 0.22 0.187( 01 01 1.1 NA|UG/L
Nickel (Ni) 6 7| 093 9.3 332 D4 04 73 5.55|UG/L 2
Potassium (K) N 6 7| 5310 65300 212591600 1600 NA NAJUGL
Selenium (Se) 2 7] 41 13.5 88| 28 28 18 NA}UG/L
Silver (Ag} 1 7 27 27 27 12 1.2 18 NA{ UG/L
Sodium (Na) N 7 7168000 1410000 567071] NA NA| NA NA|UG/L
[Vanadium (V) 5 71 1.2 19.3 738 05 05 26 1.58| UGIL 3
Zinc (Zn) 3 7| 62 2065 13.48| 5.3 20.8] 1100 NA|UG/L
Semivolatile Organics
{|Benzoic acid 2 7 1 420 210.5] 50 50| 15000 NAJUG/L
2,4-Dimethylphenol * 1 7| 380 380 380 10 10 73 NAJUG/L 1
2-Methyinaphthalene 1 7 48 48 48] 10 10} 150 NAJUG/L
2-Methyiphenol * 1 7| 1000 1000 1000 10 10| 180 NA] UG/ 1
4-Methylphenol * 1 71 970 970 9701 10 10 18 NA[UG/L 1
Naphthalene * 1 7| 540 540 540 10 10| 150 NA| UG/L 1
Phenol 1 7| 810 810 810 10 10| 2200 NA| UG/L
Volatile Organics
Benzene . 1 7134000 34000 34000 5 5] 0.36 NA|UG/L 1
Chiorobenzene . 1 7 11 1 11 5 2500f 3.9 NA|UG/L 1
Ethylbenzene . 1 7| 2400 2400 2400 5 5/ 130 NA|UGIL 1
oluene . 1 7|56000 56000 56000 5 5 75 NA|UG/L 1
Xylene (Total) . 1 7115000 15000 15000 5 5| 1200 NAJUG/L 1

* - [dentified as a COPC

N - Essential nutrient

SQL - Sample quantitation limit
UG/L - micrograms per liter
NA - Not applicable
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Exposure Pathways

Exposure pathways for the hypothetical future site residents are dermal contact and incidental
ingestion of surface soils. The groundwater pathway for the hypothetical future site residents is
incidental ingestion and inhalation of groundwater. The exposure pathways for future site workers
are the same as those for the future site residents. For the soil pathways, uniform exposure was
assumed for all sample locations. Table 10.5.13 presents the justification for exposure pathways

assessed in this HHRA.

Table 10.5.13
Exposure Pathways Summary — AOC 609
NAVBASE — Zone F
Charleston, South Carolina

Potentially Exposed Medium and Exposure Pathway Selected

Pogulntion Pathwa; for Evaluation? Reason for Selection or Exclusion
Current Land Uses
m
' : ’ ) Fato and transport screening did not :dr.nnfy
_.any COPCs for this indirect exposure
pathway,. .. -
Air, Inhalation of No This exposure pathway was considered
chemicals entrained in insignificant compared to the other
fugitive dust / pathways .
” No = Shallowzroundwaxu'isnotcumnﬂyused
S 28 2°50UTCe dpoab(eormm:dmal
dunngponble or genenl ~ “water at. AOC 609 4
Shallow groundwater, No Shaliow groundwater is not currently used
Inhalation of volatilized as a source of potable or non-residential
shallow groundwater water at AOC 609.
- comammams o
" HSoil,.Imndmlmgesuon : No(Quahﬁed)g ~k,Futuresxteuse|swnsiduedconmatively
Soil, Dermal contact No (Qualified) Future site use is considered conservatively

representative of current site use.
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Table 10.5.13
Exposure Pathways Summary — AOC 609
NAVBASE — Zone F
Charleston, South Carolina
Potentially Exposed Medium and Exposure Pathway Selected
Pogulation Pathwa; for Evaluation? Reason for Selection or Exclusion

Future Land Uses

Air, Inhalation of No This exposure pathway was considered
chemicals entrained in tnsignificant compared to the other
_fugitive dust ) pathways.

Shallow groundwater, Yes Volatile COPCs were identified subsequent
Inhalation of volatilized to risk-based screening comparisons.
contaminants during
~ domestic use
. gil, Incidental ingestion .. . Yes. copcs were ideaified subsequent 0 isk-
Aoompmsms ;
Soil, Dermal contact Yes COPCs were identified subsequent to risk-
based and background screening

‘ comparisons.

W]ldgameordomesuc N ftaking of gamy
anmﬂs,/lnguﬁmofﬁsme - D 'jlivwoch”isprom“ ] W ' o
- /impacted by media’ - s ~Charleston, Smnhcamea city lumu. ‘

727 contamination
Fruits and vegetables, No The potential for significant exposure via
Ingestion of plant tissues this pathway is low relative to that of other
grown in media exposure gathwazs assessed.

Exposure Point Concentrations
Since less than ten surface soil samples were collected, maximum detected concentrations were
used as EPCs, as discussed in Section 7 of this RFI. Maximum detected concentrations reported

in the first-quarter sampling event were used as EPCs for groundwater.
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Quantification of Exposure
Soil
CDiIs for ingestion and dermal contact with soils are shown in Tables 10.5.14 and 10.5.15,

respectively.

Groundwater
CDIs for the groundwater pathway are shown in Table 10.5.16.

10.5.6.4 Toxicity Assessment

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.5.17
presents toxicological information specific to each COPC identified at AOC 609. This information
was used in the quantification of risk/hazard associated with soil and groundwater contaminants.

Brief toxicological profiles for each COPC are provided in the following paragraphs.

Aluminum is one of the most abundant metals in the earth's crust (7% aluminum), and it is
ubiquitous in water, as well as soil. This metal is water-soluble, silvery, and ductile, which
suggests its usefulness in many processes. Ingesting aluminum can affect the absorption of other
elements within the gastrointestinal tract and can alter intestinal function. Aluminum can
potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on
the gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part
of the neuro-muscular system controlling bowel muscles. The effect could explain why aluminum-
comtaining antacids often produce constipation and indicates aluminum could affect the uptake of
other chemicals. Aluminum dust is moderately flammable and explosive in heat. Inhaling this
dust can cause fibrosis (aluminosis) (Klaassen, et al., 1986; Dreisbach et al., 1987). No data are
available on an applicable SF or the USEPA cancer group. The USEPA Region IV Office of
Health Assessment suggested using the provisional oral RfD of 1.0 mg/kg-day. The aesthetic-
based secondary MCL (SMCL) for drinking water is 50 to 200 n.g/L.

10.5.68

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24



Table 10.5.14
Chroaic Daily Intakes

Incidental Ingestion of Surface Soil

AQC 609

NAVBASE - Charleston, Zone F

Charleston, South Carolina

Fraction Exposure Future Future Future Future Future
Ingested from Point Resident adult Resident child Resident lwa| Worker adult Worker adult
Contaminated Concentration| H-CDI H-CDI C-CDI H-CDI C-CDh1
Chemical Source * {mg/kg) (mg/kg-day) (mg/kg-day) (mg/kg-day)| (mg/kg-day) (mg/kg-day)
Inorganies
Antimony 1 122 1.67E-05 1.56E-04 1.91E-0S§ 5.97E-06 2.13E-06
Arsenic ] 1138 1.56E-04 1.45E-03 1.78E-04 5.57E-05 1.99E-05
Beryllium ! 145 1.99E-06 1.85E-05 2.27E-06 7.09E-07 2.53E-07
Manganese 1 3925 5.38E-04 5.02E-03  6.14E-04 1.92E-04 6.86E-05
Semivolatile Organics
Benzo(a)pyrene Equivalen 1 0.26 3.56E-07 332E-06  4.07E-07 1.27E-07 4.54E-08
NOTES:
Iwa Lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B
CDl Clronic Daily Intake in mg/kg-day
H-CDI CDI for hazard quoticnt
C-CDI CDI for excess cancer risk

Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.5.15
Chronic Daily Intakes

Dermal Contact with Surface Soil

AOC 609

NAVBASE - Charieston, Zone F

Charleston, South Carolina

Exposure Fraction Dermal Future Future Future Future Future
Point Contacted from Absorption |Resident adult Resident child Resident lwa| Worker adult Worker adult
Concentration  Contaminated  Factor H-CDI H-CDI C-CDI H-CD1 C-CDI
Chemical (mg/kg) Source * {unitless) | (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
Inorganics
Antimony 122 1 0.001 6.85E-07 226E-06  4.29E-07 4.89E-07 1.75E-07
Arsenic 113.8 1 0.001 6.39E-06 2.1E-05  4.00E-06 4.57E-06 1.63E-06
Beryllium 1.45 1 0.001 8.14E-08 2.69E-07  5.10E-08 5.82E-08 2.08E-08
Manganese 392.5 1 0.001 2.20E-05 7.28E-05 1.38E-05 1.87E-05 5.62E-06
Semivolatile Organics
Benzo(a)pyrene Equivalen 0.26 1 0.01 1.46E-07 4.82E-07 9.14E-08 1.04E-07 3.73E-08
NOTES:
CD! Chronic Daily Intake in mg/kg-day
H-CDI CDI for hazard quoticnt
C-CDI CDI for excess cancer risk

The dermal absorption factor was applicd to the exposure point concentration

to reflect the different trans-dermal migration of inorganic versus organic chemicals

Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.5.16
Chronic Daily Intakes

Ingestion of COPCs in Groundwater

AOC 609

NAVBASE - Charleston, Zone F

Charleston, South Carolina

Future

C-CDI

Exposure Future Future
Point Resident adult Resident child Resident lwa
Concentratio: H-CDI H-CDI
Chemical (mgAiter) | (mp/kg-day) (mg/kg-day) (mg/kg-day)
Inorganics
Aluminum (Al) 7.745 2.12E-01 4.95E-01
Arsenic (As) 0.0652 1.79E-03 4.17E-03
Semivolatile Organics
2,4-Dimethylphenol 0.38 1.04E-02 2.43E-02
2-Methylphenol 1 2.74E-02 6.39E-02
4-Methylphenol 097 2.66E-02 620E-02
Naphthalene 0.54 1.48E-02 345E-02
Volatile Organics
Benzene 34 9.32E-01 2.17E+00
Chlorobenzene 0.011 3.01E-04 7.03E-04
Ethylbenzenc 24 6.58E-02 1.53E-0I
Toiuene 56 1.53E+00 3.58E+00
Xylene (total) 15 4.11E-01 9.59E-01
NOTES:

Ilwa Lifetime weighted average

CD! Chronic Daily Intake
H-CDI Noncarcinogenic hazard based Chronic Daily Intake

C-CD] Carcinogenic risk based Chronic Daily Intake

1.17E-01
9.82E-04

5.73E-03
1.51E-02
1.46E-02
8.14E-03

5.12E-01
1.66E-04
3.62E-02
8.44E-01
2.26E-01

Future Future
Worker adult Worker aduit
H-CDI C-CD]
(mg/kg-day) (mg/kg-day)

7.58E-02 2.71E-02
6.38E-04 2.28E-04
3.72E-03 1.33E-03
9.78E-03 3.49E-03
9.49E-03 3.39E-03
5.28E-03 1.8SE-03
3.33E-01 1.19E-01
1.08E-04 3.84E-05
2.35E-02 8.39E-03
S.A48E-01 1.96E-01
1.47E-01 5.24E-02



Table 10.5.17

Toxicological Refy { L
for Chemicals of Potentisl Concern
AQC o9
NAVBASE Charleston, Zone F
Charleston, Sowth Carolins
Now-Carcinogenic Taxicity Data inagenic Toxicity Date
Orat Unecertainty Inhalation Unceriainty Oral Stope Inkalation Weight
Reference Dose Counfidence  Critical Effect Facior Reference Dose Confidence  Critical Effect Factor Factor Slope Factor of Twmor
eemical imp/kg-day) Level Ol (mg/hg-duy) Leved Inkhalation (ng-day/mg) (kg-day/mg) Evidence Type
minm 1 d NA NA NA NA NA NA NA NA NA NA NA
imony 0.0004 [] L whoie body/blood incressed mortality 1,000 NA NA NA NA NA NA D NA
£nic 0.0003 [ ] M hyperpigmenation 3 NA NA NA NA 1.5 a 151 2 A various
Lzene NA NA NA NA 0.00171 NA NA NA 0.029 [ ] a.02% 2 A leukemia
zo(s)pyrene Equivalents NA NA NA NA NA NA NA NA 73 . 61 e B2 msagen
yltium 0.00% 2 L micrascopic organ changes 100 NA NA NA NA 43 [ ] a4 ] B2 ORCCARICOMA.
orobenzene 0.02 s liver changes 1,000 0.00371 NA NA 10000 NA NA D NA
-Dimethylphenol om ] L clinical signs and hemsiological changes 3000 NA NA NA NA NA NA NA NA
yhenzene 01 [] L liver end kidney toxicity 1000 0.288 L developmental toxicity 300 NA NA D NA
nganese (food} 0.047 . NA neurological effects 1 NA NA NA NA NA NA D NA
e (water) 0.023 I NA neurological effects 1 I IEDS M neurological effects 1000 NA NA D NA
lethylphenol 0.05 ] M whole body decreased weight/CNS 1000 NA NA NA NA NA NA D NA
Jethylphenol 0.005 b NA CNS/reppirsiory distress 1,000 NA NA NA NA NA NA D NA
hihabene 0.04 [ NA NA NA NA NA NA NA NA NA D NA
sene 0.2 [ ] NA NA NA 0114 NA NA NA NA NA D NA
rne (1otal) 2 ] M hyperactivity, decreased body weight 100 2 NA NA NA NA NA D NA
et

= Inscgraed Risk Information Sysem (IRIS)

= Health Effects Avsessment Sumenary Tubles (HEAST)
= HEAST ahernative method

= EPA NCEA - Cincinnat (provisional)

« Withdrawn from IRISFTHEAST

= Not applicable o not available

= High confidence

= Low confidence

= Medivm confidence
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Antimony belongs to the same periodic group as arsenic. This element is absorbed slowly through
the gastrointestinal tract, which is the target of this element. Another target is the blood, where
antimony concentrates. Due to frequent industrial use, the primary exposure route for antimony
to the general population is food. Antimony is also a common air pollutant from industrial
emissions. USEPA has not classified antimony as a carcinogen, and the oral RfD is
0.0004 mg/kg-day (Klaassen, et al., 1986). The oral RfD is based on a LOAEL of
0.35 mg/kg-day, an uncertainty factor of 1,000, and a modifying factor of 1 (IRIS, 1995).

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically
exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and
cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.3 ng/kg-day as the RfD for arsenic
based on a NOAEL of 0.8 ug/kg-day in a human exposure study. Arsenic's effects on the nervous
and cardiovascular systems are primarily associated with acute exposure to higher levels.
Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation
of these materials can lead to increased lung cancer risk, and ingestion of these materials is
associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen
by USEPA, which set the 1.5 (mg/kg-day)’ SF. As listed in IRIS the basis for the classification
is sufficient evidence from human data. An increased lung cancer mortality was observed in
multiple human populations exposed primarily through inhalation. Also, increased mortality from
multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased incidence of
skin cancer were observed in populations consuming drinking water high in inorganic arsenic.
Human milk contains about 3 n.g/L arsenic. As listed in IRIS the critical effect of this chemical
is hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was
determined to be 3 and the modifying factor was determined to be 1.

Benzene is a VOC which has been associated with leukemia, This chemical has been used as a
solvent in coal tar naphtha, rubber, and plastic cement. USEPA lists benzene as a group A

carcinogen. In large doses, benzene depresses the central nervous system, and chronic exposure
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depresses bone marrow. The oral SF for benzene was set by USEPA as 2.9E-02 (mg/kg-day)’;
an oral RfD has not been set. Occupational inhalation exposure to benzene is acceptable by the
OSHA at concentrations of 3.25 mg/m’® or 1 ppm in air (Dreisbach et al; 1987; NIOSH, 1990).

BEQs include the following list of PAHs:

Benzo(a)anthracene TEF 0.1
Benzo(b)fluoranthene TEF 0.1
Dibenz(a,h)anthracene TEF 1.0
Benzo(k)fluoranthene TEF 0.01
Benzo(a)pyrene TEF 1.0
Indeno(1,2,3-cd)pyrene TEF 0.1
Chrysene TEF 0.001

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs
above have not been well established. There are no RfDs for the PAHs above due to a lack of
data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity
is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kg-day)’. TEF, aiso
set by USEPA, are multipliers that are applied to the detected concentrations, which are
subsequently used to calculate excess cancer risk. These multipliers are discussed further in the
exposure and toxicity assessment sections. Most carcinogenic PAHs have been classified as such
due to animal studies using large doses of purified PAHs. There is some doubt as to the validity
of these listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs
are carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal
tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the benzo(a)pyrene B2
classification is human data specifically linking benzo(a)pyrene to a carcinogenic effect are
lacking. There are, however, multiple animal studies in many species demonstrating

benzo(a)pyrene to be carcinogenic by numerous routes.
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phenolic radical, and partly from derangements in carbohydrate metabolism. Methemoglobinemia
may also occur, especially after administration of hydroquinone. Other clinical signs are lethargy,
prostration, and ataxia, as well as hematological changes. 2,4-Dimethylphenol is a possible
carcinogen, which has been issued an RfDo of 2E-02 mg/kg-day (Dreisbach, et al., 1987).

Ethylbenzene is a colorless liquid that smells like gasoline. Acute inhalation exposure of humans
to ethylbenzene irritates the eyes and lungs (Angerer and Wulf, 1985; Thienes and Haley, 1972).
In addition, neurclogical effects such as dizziness have been reported in humans following acute
inhalation exposure to this chemical. Similarly, respiratory and neurological effects have been
observed in animals exposed to ethylbenzene via inhalation. No adverse health effects have been
reported from a long-term (20 years) sudy of 200 workers occupationally exposed to ethylbenzene
(Bardodej and Cirek, 1988). Laboratory tests on rats via oral exposure indicated a significant
increase in total malignant tumors in females and combined male and female groups over two
years (Maltoni et al., 1985). USEPA ranked ethylbenzene as unclassifiable with regard to human
carcinogenicity, Group D (IRIS, 1993). Ethylbenzene has been issued an RfDo of 1E-01 and an
RiDi of 2.86E-01 by USEPA (IRIS, 1996)

Manganese is an essential nutrient, but chronic exposure (0.8mg/kg-day) causes
mental disturbances. Studies have shown that manganese uptake from water is greater than
manganese uptake from food, and the elderly appear to be more sensitive than children
(Klaassen et al., 1986; Dreisbach et al., 1987). The body is roughly twice as efficient absorbing
manganese in water compared to manganese in food. Because of the different uptake rates in
water and food, two RfDs were used in this HHRA — one for water and one for food. The RfDs
used are 0.047 and 0.023 mg/kg-day. Inhalation of manganese dust causes neurological effects
and increased incidence of pneumonia. An inhalation RfD was set to 0.0000143 mg/kg-day.
According to USEPA, manganese cannot be classified as to its carcinogenicity. Therefore, the

cancer class for manganese is group D. As listed in IRIS, the classification is based on studies that
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are inadequate to assess the carcinogenicity of manganese. Manganese is an element considered
essential to human health. The typical vitamin supplement dose of manganese is 2.5 mg/day. As
listed in IRIS, the critical effects of this chemical in water in the oral summary are CNS effects.
The uncertainty factor was 1 and the recommended modifying factor of 3 was used to estimate soil
and groundwater intake. The critical effects of this chemical are CNS effects. As listed in IRIS,
the critical effect of this chemical in the inhalation summary is impairment of neuro-behavioral
function. For inhalation uptake, the uncertainty factor was 1,000 and the modifying factor was 1.
The IRIS RfC is 0.00005 mg/ny’.

2-Methylphenol is one of three isomers of methyl phenol. Methylphenol is also known as cresol,
hydroxytoluene, or cresylic acid. The common name for 2-methylphenol is ortho-cresol
(o-cresol). Effects associated with acute exposure to cresols in humans include irritation and
burning of skin, eyes, mouth, and throat, abdominal pain and vomiting, hemolytic anemia, kidney
damage, facial paralysis, coma, and death. Exposure levels associated with human deaths have
not been reliably reported, however, crude estimates based on accidental or intentional ingestion
of cresol, the lethal oral exposure level for humans appeared to be at or above 2 g/kg (Chan et al.,
1971). Autopsies of people who died following cresol exposure revealed gross lesions in the
lungs, pancreas, liver, and kidneys, although these data cannot be considered reliable indicators
of target organ effects. Studies in animals have shown that cresols can be lethal when exposure
is through the inhalation, oral, or dermal routes. 2-Methylphenol is classified “C” in USEPA’S
weight of evidence. An RfDo of 5.0E-02 has been issued for 2-methylphenol (IRIS, 1996).

4-Methylphenol is also known as p-cresol. Effects associated with acute exposure to cresols in
humans include irritation and burning of skin, eyes, mouth, and throat, abdominal pain and
vomiting, hemolytic anemia, kidney damage, facial paralysis, coma, and death. Exposure levels
associated with human deaths have not been reliably reported, however, crude estimates based on

accidental or intentional ingestion of cresol, the lethal oral exposure level for humans appeared
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to be at or above 2 g/kg (Chan et al., 1971). Autopsies of people who died following cresol
exposure revealed gross lesions in the lungs, pancreas, liver, and kidneys, although these data
cannot be considered reliable indicators of target organ effects. Studies in animals have shown
that cresols can be lethal when exposure is through the inhalation, oral, or dermal routes.
4-Methylphenol is classified “C” in USEPA’s weight of evidence. An RfDo of 5.0E-03 has been
issued for 4-methylphenol (USEPA 1996f).

Naphthalene cause hemolysis with subsequent blocking of renal tubules by precipitated
hemoglobin, Hepatic necrosis has been reported. Hemolysis only occurs in individuals with a
hereditary deficiency of glucose-6-phosphate dehydrogenase in the red cells (primarily black
males), which results in a low level of reduced glutathione and increased susceptibility to
hemolysis by metabolites of naphthalene. The fatal dose of ingested naphthalene is approximately
2 grams. These chemicals are most dangerous in children up to age 6, in whom absorption occurs
rapidly. The exposure limit for naphthalene is 10 ppm (Dreisbach et al., 1987). The RfDo for
naphthalene is 4E-02 mg/kg-day (USEPA ,1996f).

Toluene is a gasoline additive and is used as a solvent in glues, inks, adhesives, and is used as a
detergent in the manufacture of dyes, lacquers, perfumes, pharmaceuticals, and saccharin. In
humans, toluene is a known respiratory irritant with central nervous system effects, and the effects
can be enhanced by the ingestion of ethyl alcohol. Toluene has not been determined to be a
carcinogen by USEPA, having a USEPA Classification of D. As listed in IRIS, the basis for the
classification is no human data and inadequate animal data. Toluene did not produce positive
results in the majority of genotoxic assays. The critical effect of this volatile organic chemical is
changes in liver and kidney weights in study organisms. USEPA determined the inhalation RfC
and oral RID to be 0.4 mg/nr’ and 0.01 mg/kg-day, respectively. As listed in IRIS, the oral RFD
critical effect of this chemical is changes in liver and kidney weights. The uncertainty factor was

determined to be 1,000 and the modifying factor was determined to be 1. The inhalation RFD
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critical effect of this chemical is neurological effects. The uncertainty factor was determined to

be 300 and the modifying factor was determined to be 1. (Harte, et al., 1991) (IRIS).

Xylene is primarily a man-made chemical, which is a colorless liquid with a sweet odor. Chemical
industries produce xylene from petroleum and to a smaller extent from coal. Xylene also occurs
naturally in petroleum coal tar, and is formed during forest fires. Acute exposure data in humans
and/or animals indicate that the CNS and possibly the developing fetus are the major targets of
acute xylene toxicity by the inhalation and oral routes. Death has been observed to occur as a
result of exposure by inhalation, oral and dermal exposure (Gosselin et al., 1984; Abu al Raghep
et al., 1986; Bernardelli and Gennari, 1987). Acute studies have demonstrated that xylene is
irritates the skin and eyes. Xylene inhalation has aiso been shown to irritate the respiratory tract
and cause dyspnea. The central nervous system and the liver appear to be the primary; targets of
chronic xylene exposure. USEPA has classified mixed xylene as a Group D agent (IRIS, 1993).
Xylene (mixed) has been issued an RfDo of 2E+00 (IRIS, 1996).

10.5.6.5 Risk Characterization

Surface Soil Pathways

Exposure to surface soil onsite was evaluated under residential and industrial (site worker)
scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways
were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was
computed separately to address child and adult exposure. Tables 10.5.18 and 10.5.19 present the
computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal

contact with site surface soils, respectively.

Hypothetical Site Residents
The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 609 surface
soils is 3E4. The dermal pathway ILCR is 3E-5. Arsenic was the primary contributor to ILCR
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Table 10.5.18

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

AOC 609

NAVBASE - Charleston, Zone F

Charleston, South Carolina

Oral RfD Oral SF Future Future Future Future Future
Used Used Resident adult  Resident child Resident lwa| Worker adult  Worker adult
Chemical (mg/kg-day) (mp/kg-day)-1 Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Inorganics
Antimony 0.0004 NA 0.042 0.39 ND 0.015 ND
Arsenic 0.0003 1.5 0.52 48 2.7E-04 0.19 3.0E-05
Beryllium 0.005 43 0.00040 0.0037 9.8E-06 0.00014 1.1E-06
Manganese 0.047 NA oon on ND 0.0041 ND
Semivolatile Organics
Benzo(a)pyrene Equivalen NA 73 ND ND 3.0E-06 ND 33E-07
SUM Hazard Index/IL.CR 0.6 5 JE-4 0.2 3E-Q5
NOTES:
NA Not available
ND Not Determined due to lack of available information
Iwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A

ILCR

Incremental Lifetime Cancer Risk




Table 10.5.19

Hazard Quotients and Incrementa! Lifetime Cancer Risks
Dermal Contact With Surface Soil

AOC 609

NAVBASE - Charleston, Zonc F

Charleston, South Carolina

Oral RID Oral SF Future Future Future Future Future
Dermal Used Used Resident adult  Resident child Resident lwa] Worker adult  Worker adult
Chemical Adjustment (mg/kg-day) (mﬂg-day)—l Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Inorganics
Antimony 0.2 8E-05 NA 0.0086 0.0283 ND 0.0061 ND
Arsenic 02 6E-05 7.5 0.1t 0.35 3.0E-05 0.076 1.2E-05
Beryllium 0.2 0.001 215 0.000081 0.00027 1.1E-06 0.000058 4.5E-07
Manganese 0.2 0.0094 NA 0.0023 0.0077 ND 0.0017 ND
Semivolatile Organics
Benzo(a)pyrene Equivaien 0.5 NA 14.6 ND ND 1.3E-06 ND 5.4E-07
SUM Hazard IndexTLCR 0.1 0.4 3E-05 0.08 YE-05
NOTES:
NA Not available
ND Not Determined due to lack of availabie information
lwa Lifetime weighted average; used to calcuiate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime Cancer Risk

- Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RiD (i.c., the oral RfD is based

on oral absorption efficiency which shenld not be applied to dermal exposure and dermal CDI)
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projections for the ingestion and dermal pathways, accounting for approximately 95% of the
cumulative soil pathway risk. BEQs and beryllium were secondary contributors to both pathways.
Risk estimates under a residential scenario are considered a highly conservative estimate of the risk

due to recreational use.

The ingestion HIs projected for the adult and child receptors are 0.6 and 5, respectively. The
dermal pathway HIs were 0.1 for the adult resident receptor and 0.4 for the child resident
receptor. Arsenic was the primary contributor to hazard index projections for the dermal and
ingestion pathways, accounting for approximately 90% of the cumulative hazard index. Antimony
and manganese were secondary contributors to HI projections for the ingestion and dermal
pathways. Hazard estimates under a residential scenario are considered a highly conservative

estimate of the hazard index of the recreaticnal scenario.

Hypothetical Site Workers
Site worker ILCRs are 3E-5 for the ingestion pathway and 1E-5 for the dermal contact pathway.
Arsenic was the primary contributor to risk for both pathways, while BEQs were secondary

contributors to the ingestion pathway.

Site worker Hls are 0.2 for the ingestion pathway and 0.08 for the dermal pathway.

Groundwater Pathways

Exposure to shallow groundwater onsite was evaluated under a residential scenario based on the
results of the first quarter sampling event. The ingestion exposure pathway was evaluated
assuming the site groundwater will be used for potable and/or domestic purposes and that an
unfiltered well, drawing from the surficial aquifer, will be installed. For noncarcinogenic

contaminants evaluated relative to future site residents, hazard was computed separately for child
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and adult receptors. Tables 10.5.20 and 10.5.21 present the risk and hazard for the ingestion and
inhalation pathways, respectively.

Hypothetical Site Residents

The projected ILCR for the future residential scenario is 2E-02 for the ingestion pathway and
1E-02 for the inhalation pathway. Benzene was the primary contributor to risk projections for
both pathways, accounting for approximately 95% of the cumulative risk for the groundwater
pathways. Arsenic was a secondary contributor to ILCR projections for the groundwater ingestion

pathway.

The projected hazard indices for the adult and child resident are 21 and 50, respectively, for the
ingestion pathway. Arsenic, 4-methylphenol, and toluene were primary contributors to the
ingestion pathway, accounting for nearly 90% of the projected HI estimates. Aluminum,
2,4-dimethylphenol, 2-methylphenol, naphthalene, ethylbenzene, and xylene were secondary
contributors to the ingestion pathway. The projected hazard indices for the adult and child
resident are 558 and 1,303 for the inhalation pathway. Benzene was the primary contributor for
the inhalation pathway, accounting for over 97% of the projected HI estimates. Toluene was also

a significant contributor to HI projections for the inhatation pathway.

Hypothetical Site Workers

The projected groundwater ingestion pathway ILCR for the site worker scenario is 4E-03.
Benzene was the primary contributor to both pathways, accounting for approximately 95% of the
cumnulative risk for the groundwater pathways. Arsenic was a secondary contributor to risk

projections for the ingestion pathway.
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Table 10.5.20

Hazard Quotients and Incremental Lifetime Cancer Risks

Groundwater Ingestion
AQC 609

Naval Base Charleston, Zone F

Charieston, South Carolina

Oral RID Oral SF Future Future Future Future Future
Used Used Resident adult  Resident child  Residentiwa | Worker adult  Worker adult
Chemical {mg/kg-day) (mg/kg-day)-1iHazard Quoticnt Hazard Quotient ILCR Hazard Quatient ILCR
lnorganics
Aluminum (Al) 1 NA 0.21 0.50 ND 0.076 ND
Arsenic (As) 0.0003 1.5 6.0 14 1.5E-03 21 3 4E-04
Semivolatile Organics
2,4-Dimethylphenol 0.02 NA 052 1.2 ND 0.19 ND
2-Methylphenol 0.05 NA 0.55 13 ND 0.20 ND
4-Methylphenol 0.005 NA 53 12 ND 1.9 ND
Naphthalene 0.04 NA 037 0.86 ND 0.13 ND
Volatile Organics

Benzene NA 0.029 ND ND 1.5E-02 ND 3.4E-03
Chlorobenzene 0.02 NA 0.015 0.035 ND 0.0054 ND
Ethylbenzene 0.1 NA 0.66 1.5 ND 023 ND
Toluene 0.2 NA 12 18 ND 2.7 ND
Xyiene (total) 2 NA 0.21 0.48 ND 0.073 ND
SUM Hazard Index/ILCR 21 50 2E-02 8 4E-03

NA Not available

ND Not Determined due to lack of available information

lwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime Cancer Risk




Table 10.5.21

Hazard Quotients and Incremental Lifetime Cancer Risks
Inhalation of Contaminants in Groundwater Resulting from Domestic Use

AOC 607

Naval Base Charleston, Zone F
Charleston, South Carolina

Inhalation Rf Inhalation SF Future Future Future Future
Used Used Resident adult  Resident child Residentlwa | Worker adult  Worker adult
Chemical (mg/kg-day) (mg/kg-day)-1|Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Volatile Organics
Benzene 0.00171 0.029 545 1271 1.5E-02 195 J4E-03
Chlorobenzene 0.00571 NA 0.053 0.12 ND 0.019 ND
Ethylbenzene 0.268 NA 0.25 0.57 ND 0.088 ND
Toluene 0.114 NA 13 31 ND 48 ND
Xylene (total) NA NA ND ND ND ND ND
SUM Hazard Index/ILCR 558 1303 1E-02 199 3E-03
NOTES:

NA Not available

ND Not Determined due to lack of available information

lwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A

ILCR Incremental Lifetime Cancer Risk
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The projected site worker HI for the groundwater ingestion pathway is 8.  Arsenic,
4-methylphenol, and toluene were primary contributors to projected Hls for the groundwater
ingestion pathway, and 2,4-dimethylphenol, 2-methylphenol, naphthalene, and ethylbenzene were
secondary contributors to the ingestion pathway. The projected site worker HI for the inhalation
pathway is 199. Benzene was the primary contributor to the inhalation pathway, accounting for

approximately 98% of the projected pathway estimate.

Current Site Workers
Groundwater is not currently used as a source for potable or process water at AOC 609 or other
areas of Zone F. In the absence of a completed exposure pathway, no threat to human health is

posed by reported shallow groundwater contamination.

COCs Identified

COCs were identified based on cumulative (all pathway) risk and hazard projected for this site on
a medium-specific basis. USEPA has established a generally acceptable risk range of 1E-04 to
1E-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was
considered to be any chemical contributing to a cumulative risk level of 1E-06 or greater and/or
a cumulative hazard index above 1.0, and whose individual ILCR exceeds 1E-06 or whose hazard
quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, because a
cumulative risk level of 1E-04 (and individual ILCR of 1E-06) is recommended by USEPA
Region IV as the trigger for establishing COCs. The COC selection method presented was used
in order to provide a more comprehensive evaluation of chemicals contributing to carcinogenic
risk or noncarcinogenic hazard during the RGOs development process. Table 10.5.22 presents
the COCs identified for AOC 609 surface soil and groundwater.
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Surface Soils
Future Site Residents

BEQs, arsenic, and beryllium were identified as soil pathway COCs based on their contribution
to cumulative residential ILCR projections. Antimony, arsenic, and manganese were identified

as COCs based on their contribution to cumulative residential HI projections.

Future Site Workers
BEQs, arsenic, and beryllium were identified as soil pathway COCs based on their contribution

to cumuiative industrial ILCR projections.

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this
discussion, residential soil RBCs and background concentrations were compared to each reported
COC concentration. BEQs were detected in one of six surface soil exceeding its residential RBC
(88 ug/kg). Arsenic was detected above its RBC (0.43 mg/kg) in all six surface soil samples;
however, arsenic exceeded its background value (19.9 mg/kg) in one surface soil sample.
Beryllium exceeded its RBC (0.15 mg/kg) in four of six surface soil samples. Beryllium exceeded
its background value (1.05 mg/kg) in one surface soil sample. Antimony was detected in one of
six surface soil samples exceeding its RBC (3.1 mg/kg). Manganese exceeded its RBC (180
mg/kg) in three of six surface soil samples, and exceeded its background value (307 mg/kg) in

only one surface soil sample.

First Quarter Groundwater

Future Site Residents

Arsenic and benzene were identified as COCs based on their contribution to cumulative
groundwater pathway risk projections. Aluminum, arsenic, benzene, chlorobenzene, 2,4-
dimethylphenol, ethylbenzene, 2-methylphenol, 4-methylphenol, naphthalene, toluene, and xylene

were identified as COCs based on their contribution to cumulative HI projections.
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Table 10.5.22

Summary of Risk and Hazard-based COCs
AOC 609

NAVBASE - Charleston, Zone F
Charleston, South Carolina

Future Future Future
Exposure Resident Adult Resident Child Resident lwa Future Site Worker Identification
Medium Pathway Hazard Quotient Hazard Quotient  ILCR  |Hazard Quotient ILCR of COCs
Surface Soil Incidental Inorganics
Ingestion  Antimony 0.042 0.39 _ ND 0.015 ND| 1
Arsenic 0.52 43 2.7E-04 0.19 3.0E-05)1 2 4
Beryllium 0.00040¢ 0.0037 9.8E-06 0.00014 1.1E-06 2 4
Manganese 0.011 0.11 ND 0.0041 ND| 1
Semivolatile Organics
Benzo{a)pyrene Equivalents ND ND 3.0E-06 ND 3.3E-07y 2
Demmal Inorganics
Contact  Antimony 0.0086 0.028 ND 0.0061 ND
Arsenic 0.11 0.35 3.0E-05 0076 12E-05{1 2 4
Berylijum 0.000081 0.00027 1.1E-06 0.000058 4.5E-07( 2
Manganese 0.0023 0.0077 ND 0.0017 ND
Semivolatile Organics
Benzo(a)pyrene Equivalents ND ND 1.3E-06 ND 54E-07f 2
iSurface Soil Pathway Sum 0.7 [ JE-04 0.3 4E-05
Groundwater Ingestion
Pathways Inorganics
Aluminum (Al) 0.21 0.50 ND 0.076 ND| 1
Arsenic (As) 6.0 14 1.5E-03 2.1 34E-04|1 2 3 4
Semivolatile Organics
2,4-Dimethyiphenol 0.52 1.2 ND 0.19 ND/ ] 3
2-Methylphenol 0.55 1.3 ND 020 ND| | 3
4-Methylphenol 53 124 ND 1.9 ND| 1 3
Naphthalene 0.37 0.86 ND 0.13 ND| 1 3
Volatile Organics
Benzene ND ND 1.5E-02 ND 34E-03( 2 4
Chlorobenzene 0.015 0.035 ND 0.0054 ND
Ethylbenzene 0.66 1.5 ND 0.23 ND| 1 3
Toluene 1.7 18 ND 27 ND} 1 3
Xylene (total) 0.21 0.48 ND 0.073 ND| 1
Inhalation Volatile Organics
Benzene 545 1271 1.5E-02 195 34E-0311 2 3 4
Chlorobenzene 0.053 0.12 ND 0.019 ND] 1
Ethylbenzene 0.25 0.57 ND 0.088 ND| 1
Toluene 13 31 ND 5 ND| 1 3
Xylenc (iotal) ND ND ND ND ND
Groundwater Pathway Sum 580 1353 3E-02 207 7E-03
Sum of All Pathways 581 1359 3E-02 207  7E-03
Notes:

ND Indicates not determined due to the lack of available risk information.

NA Not applicable
ILCR Indicates incremental excess lifetime cancer risk
HI Indicates hazard index

1- Chemical is a COC by virtue of projected child residence non-carcinogenic hazard.
2- Chemical is a COC by virtue of projected future resident lifetime [ILCR.

3- Chemical is a COC by virtue of projected site worker non-carcinogenic hazard.

4- Chemical is a COC by virtue of projected site worker ILCR.
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Future Site Workers

Arsenic and benzene were identified as COCs based on their contribution to cumulative
risk projections.  Arsenic, benzene, 2,4-dimethylphenol, ethylbenzene, 2-methylphenol,
4-methylphenol, naphthalene, and toluene were identified as COC based on their contribution to

curnulative HI projections.

Arsenic exceeded its tap water RBC in all seven first quarter groundwater samples and exceeded
its background concentration in four of seven first quarter groundwater samples. Aluminum was
detected in two of seven first quarter groundwater samples at concentrations above its RBC.
Except for chlorobenzene, all of the organic COCs detections (benzene, 2,4-dimethylphenol,
ethylbenzene, 2-methylphenol, 4-methylphenol, naphthalene, toluene, and xylene) were reported
in the first quarter groundwater sample collected from monitoring well SMEQGOS only.
Chlorobenzene was reported in the first quarter groundwater sample collected from monitoring
well SMEQO4.

10.5.6.6 Risk Uncertainty

Characterization of Exposure Setting and Identification of Exposure Pathways

The potential for high bias is introduced through the exposure setting and pathway selection due
to the highly conservative assumptions (i.e., future residential use) recommended by USEPA
Region IV when assessing potential future and current exposure. The exposure assumptions made

in the site worker scenario are highly protective and would tend to overestimate exposure.

Residential use of the site would not be expected, based on current site uses and the nature of
surrounding buildings. If this area were to be used as a residential site, the surface soil conditions
would likely change — the soils could be covered with landscaping soil and/or a house.
Consequently, exposure to surface soil conditions as represented by samples collected during the

CSI would not be likely under a true future residential scenario. These factors indicate that
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exposure pathways assessed in this HHRA would generally overestimate the risk and hazard posed

to current site workers and future site residents.

Groundwater is not currently used at AOC 609 for potable or industrial purposes. A base-wide
system provides drinking and process water to buildings throughout Zone F. This system is slated
to remain in operation under the current base reuse plan. As a result, shallow groundwater would
not be expected to be used under future site use scenarios, and associated pathways are not

expected to be completed in the future.

Determination of Exposure Point Concentrations

Since there were less than 10 surface soil and groundwater samples at AOC 609, the maximum
reported concentrations of each COPC identified in groundwater were used as EPCs. For soil,
inorganic constituents only exceeded their background concentrations in one surface soil sample
each (609SB002 for antimony, arsenic, and beryllium; 609SB001 for manganese), on the
northwest perimeter of the site, which makes it difficult to conclude if the extent of the inorganic
constituents has been adequately defined. For groundwater, the only detections of organic COCs
were reported in monitoring well SMEQQS, at the southern perimeter of the site which makes it
difficult to conclude whether the extent of organics in the groundwater has been adequately
defined. However, currently available data suggests that use of maximum concentrations as EPCs

would likely cause an overestimation of risk and hazard for this site.

Frequency of Detection and Spatial Distribution
BEQ compounds were detected in only one surface soil sampie concentration above its RBC.
Arsenic, antimony, beryllium, and manganese were each detected in only one surface soil sample

above their respective background concentrations.
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Quantification of Risk/Hazard

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is
great. In addition, many site-specific factors have affected the uncertainty of this assessment that
would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of

uncertainty are discussed below.

Soil

A conservative screening process was used to identify COPCs for AOC 609. The potential for
eliminating CPSSs with the potential for cumulative HI greater than one was addressed for
noncarcinogens through the use of RBCs that were reduced one order of magnitude. For
carcinogens, the RBCs are based on a conservative target risk of 1E-06. Use of conservative
RBCs in combination with the use of maximum detected concentrations minimizes the likelihood
of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened
and eliminated from formal assessment, only chromium was reported at a concentration near its
RBC (e.g. within 10% of its RBC). Aluminum was detected at concentrations exceeding its RBC
in five of six surface soil samples, however, its maximum concentration did not exceed its
background concentration. As a result, aluminum was eliminated from consideration in the risk

assessment.

Groundwater

The same conservative screening process used for soil is aiso used for groundwater. Of the CPSSs
screened and eliminated from formal assessment, none was reported close to its RBC (e.g. within
10% of its RBC). Manganese was detected in four of seven groundwater samples above its RBC,
however, its maximum concentration did not exceed its shallow groundwater background

concentration and was therefore eliminated from consideration from the risk assessment.
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Groundwater is not currently used as a potable water source at AOC 609, nor is it used at
NAVBASE or in the surrounding area. Municipal water is readily available. As previously
mentioned, it is highly unlikely that the site will be developed as a residential area, and it is
unlikely that a potabie-use well would be installed onsite. It is probable that, if residences were
constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would

preclude this aquifer from being an acceptable potable water source.

Subsequent groundwater sampling rounds generally produced lower reported concentrations of
COCs than were reported in the first quarter. However, except for aluminum and chlorobenzene,

reported concentrations of all COCs remained greater than RBCs.

Background-Related Risk

Soil

Aluminum was detected in AOC 609 surface soil above its RBC and manganese was detected in
groundwater exceeding its RBC. These elements were eliminated from consideration in the risk
assessment based on comparison to corresponding background values. It is not unusual for
naturally occurring or background concentrations of some elements to exceed RBCs. It is the risk
assessment’s function to identify excess risk and/or hazard, or that which is above background
levels. The following is a discussion of the residential scenario risk/hazard associated with

background concentrations.

The maximum surface soil concentration of aluminum (16,650 mg/kg) for AQC 609 equals a
hazard quotient of 0.2 for the residential child. The maximum concentration of manganese in
groundwater (1,300 ..g/L) for AOC 609 equals a hazard quotient of 4, however the background
concentration of manganese (2,010 ug/L) equals a hazard quotient of 6.
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10.5.6.7 Risk Summary

The risk and hazard posed by contaminants at AOC 609 were assessed for future site workers and
future site residents under RME assumptions. For surface soils, the incidental ingestion and
dermal contact pathways were assessed in this HHRA. For groundwater the ingestion and
inhalation pathways were assessed. Table 10.5.23 presents the risk summary for each

pathway/receptor group evaluated for AOC 609.

Soil — Residential Scenario

Residential soil pathway COCs identified for AOC 609 are antimony, arsenic, BEQs, beryllium,
and manganese, Figure 10.5-22 illustrates point risk estimates for AOC 609 based on soil
exposure pathways under a future residential scenario. Table 10.5.24 summarizes the risk and
hazard contribution of each COPC at each sample location. This point risk map is based on the
unlikely assumption that a potential future site resident will be chronically exposed to specific
points. Exposure to surface soil conditions is more likely the result of uniform exposure to the
soil conditions of the entire site (or exposure unit area) rather than specific points. With this in
mind, risk maps supplemented by the tables are useful in that they allow the reader to visualize

how chemicals driving risk estimates are spatially distributed across the site.

Arsenic and beryllium are the primary contributors to risk, accounting for 90% or more of the
cumuiative risk at each surface soil sample location. BEQs was a secondary contributor to risk
estimates associated with one surface soil sample locations (609SB001). Risk estimates ranged
from 8E-06 (609SB003) to 3E-04 (609SB002). The mean risk estimate is 7E-05.

Figure 10.5-23 illustrates point estimates for hazard at AOC 609 based on soil exposure pathways
under a future residential scenario. Antimony and arsenic contributed to hazard estimates above
unity at one surface soil location (609SB002). The rounded hazard index estimates ranged from
0.2 (609SB003) to 6 (609SB002). The mean hazard estimate is 1.
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Table 10.5.23

Summary of Risk and Hazard

AQC 609

NAVBASE - Charleston, Zone F
Charleston, South Carolina

Exposure HI HI ILCR Hl ILCR
edium Pathway (Adult) {Chiid) {LWA) (Worker) (Worker)
urface Soil Incidental 0.6 5 3E-04 a2 3E-05
Ingestion
Dermal Contact 0.118 0.39 3E-05 0.084 1E-05
LGroundwatcr Ingestion 21 50 2E-02 8 AE-03
Inhalation of VOC 558 1303 1E-02 199 3E-03
Sum of All Pathways 581 1359 3E-02 207 7E-03
Notes:

ND  [ndicates not determined due to the lack of available risk information.

I.CR Indicates incremental lifetime cancer risk
H1 Indicates hazard index




Table 10.5.24

Point Estimates of Risk and Hazard - Soil Pathways
Residential Scenario
AQC 609
NAVBASE - Charleston

Charleston, South Carolina

Site _Location Parameter Concentration  Units  Hazard Index  %Hl  Risk (E-06) % Risk
609 001 Antimony (Sb) ND MG/KG NA NA
609 001 Arsenic (As) 14.5 MG/KG 0.6628 84.99 37.8740 76.96
609 001 B(a)P Equiv. 261.88 UG/KG NA 4.3368 8.81
609 001 Baryllium (Be) 0.935 MG/KG 0.0026 0.33 7.0010 14.23
609 001 Manganese (Mn) 392.5 MG/KG 0.1145 14.68 NA

Total 0.7798 49.2119
609 002 Antimony (Sb} 12.2 MG/KG 04182 7.32 NA
609 002 Arsenic (As) 113.8 MG/KG 5.2015 91.05 297.2457 96.25
609 002 B(a)P Equiv. 44,0515 UG/KG NA 0.7295 0.24
609 002 Beryllium (Be) 145 MG/KG 0.0040 0.07 10.8572 3.52
609 002 Manganese (Mn) 305 MG/KG 0.0890 1.56 NA

Total 57127 308.8324
609 003 Antimony (Sb) ND MG/KG NA NA
609 003 Arsenic (As) 2.9 MG/KG 0.1326 75.62 7.5748  100.00
609 003 B(a)P Equiv. ND UG/KG NA NA
609 003 Beryllium (Be) ND MG/KG NA NA
609 003 Manganese (Mn) 146.5 MG/KG 0.0427 24.38 NA

Total 0.1753 7.5748
609 004 Antimony (Sb) ND MG/KG NA NA
609 004 Arsenic (As) 7.2 MG/KG 0.3291 85.82 18.8084 78.49
609 004 B(a)P Equiv. 49 UG/KG NA 0.8115 3.39
609 004 Beryliium (Be)} 0.58 MG/KG 0.0016 0.41 4.3429 18.13
609 004 Manganese (Mn) 181 MG/KG 0.0528 13.77 NA

Total 0.3835 23.9607
609 005 Antimony (Sb) ND MG/KG NA NA
608 005 Arsenic (As) 7.4 MG/KG 0.3382 94.63 19.3288 100.00
609 005 B(a)P Equiv. ND UG/KG NA NA
609 005 Beryllium (Be) ND MG/KG NA NA
609 005 Manganese (Mn) 65.8 MG/KG 0.0192 5.37 NA

Total 0.3574 19.3288
609 006 Antimony (Sb) ND MG/KG NA NA
609 006 Arsenic (As) 8.6 MG/KG 0.3931 90.60 22.4632 80.65
609 008 B(a)P Equiv. ND UG/KG NA NA
609 006 Beryllium (Be) 0.72 MG/KG 0.0020 046 5.3912 19.35
809 006 Manganese {Mn) 133 MG/KG 0.0388 8.94 NA

Total T 04339 T 278544
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Soil — Site Worker Scenario

Industrial soil pathway COCs identified for AOC 609 were arsenic and beryllium. Figure 10.5-24
illustrates point risk estimates for AOC 609 based on soil exposure pathways under a future
industrial scenario. Table 10.5.25 summarizes the risk and hazard contribution of each COC at
each sample location. Arsenic was the primary contributor to risk estimates above 1E-06 for the
industrial scenario at AOC 609, and beryllium was a secondary contributor. Risk estimates ranged
from 1E-06 (609SB003) to 4E-05 (609SB002). The mean risk estimate is 1E-05.

The rounded hazard index estimates ranged from 0.007 (609SB003) to 0.3 (609SB002).

Groundwater — Residential Scenario

Aluminum, arsenic, benzene, chlorobenzene, 2,4-dichlorophenol, ethylbenzene, 2-methylphenol,
4-methylphenol, naphthalene, toluene, and xylene were identified as groundwater pathway COCs,
Figures 10.5-25 and 10.5-26 illustrates point risk and hazard estimates for AOC 609 based on
groundwater exposure pathways under a future residential scenario. As shown in Table 10.5.26,
arsenic was the sole contributor to ILCR and HI projections at all locations except for monitoring
well SMEOO5. Benzene was the most significant contributor to risk and hazard estimates
associated with the groundwater sample collected from SMEQOS5. Ethylbenzene, toluene, 2,4-
dimethylphenol, 2-methylphenol, and 4-methylphenol were all secondary contributors to hazard
projections at location SMEQOS. Risk estimates ranged from 1E-04 (SMEQ007) to 3E-02 (SME0Q5)
with a mean risk of SE-03. Hazard estimates ranged from 1 (SMEQ03) to 2619 (SMEQQ5) with
a mean hazard of 441.
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Table 10.5.25

Point Estimates of Risk and Hazard - Surface Soil Pathways
Industrial Scenario

AQC 608

NABASE - Charieston

Charleston, South Carolina

Site Location Parameter Concentration Units Hazard Index

608 001 Arsenic (As) 14,5 MG/KG 0.0333
609 001 Beryllium (Be) 0.935 MG/KG 0.00013

Total 0.03347
603 002 Arsenic (As) 113.8 MG/KG 0.2617
608 002 Beryllium (Be) 1.45 MG/KG 0.00020

Total 0.26186
609 003 Arsenic (As) 2.9 MG/KG 0.0067
609 003 Beryllium (Be) ND MG/KG NA

Totat 0.00667
609 004 Arsenic (As) 7.2 MG/KG 0.0166
609 004 Beryllium (Be) 0.58 MG/KG 0.000080

Total 0.01663
609 Q05 Arsenic (As) 7.4 MG/KG 0.0170
609 Q05 Beryllium (Be) ND MG/KG NA

Total 0.01701
609 006 Arsenic (As) 8.6 MG/KG 0.0198
609 006 Beryllium (Be) 0.72 MG/KG 0.00010

Total 0.01987

% HI
99.61
0.39

99.92
0.08

100.00

99.52
0.48

100.00

99.50
0.50

Risk (E-06)

5.3579
0.9904

6.3483

42.0499
1.6359

43.5858

1.0716
NA

1.0716

2.6605
0.6144

3.2748

2.7344
NA

27344

3.1778
0.7627
3.8404

% Risk
84.40
15.60

96.48

16.88

81.24

18.76

100.00

80.65
19.35



Table 10.5.26
Point Estimates of Risk and Hazard - Groundwater Pathways

Residential Scenario

AQOC 609

NAVBASE - Charleston
Charleston, South Carolina

Location Parameter Concentration Units Hazard Quotient % Hl _ Risk (E-06)
SME 001 2.4-Dimethylphenol ND UGL NA NA
SME 001 2-Methylphenol (o-Cresol} ND UGL NA NA
SME 001 4-Methylphencl (p-Cresol} ND UGL NA NA
SME 001 Aluminum (Al) 4450 UGAL 0.2845 2.01 NA
SME 001 Arsenic (As) 65.2 UGL 13.8935 97.99 14545597
SME 001 Benzens ND UGL NA NA
SME 001 Chiorobenzene ND UGL NA NA
SME 00t Ethylbenzene ND UGL NA NA
SME 00t Naphthaiene ND UGIL NA NA
SME 001 Toluene ND UGAL NA NA
SME 001 Xyiene (Total) ND UG/ NA NA

Total 14.1779 1454.5597
SME 003 24-Dimethylphenol ND UGL NA NA
SME 003 2-Methylphenol (o-Cresol) ND UGL NA NA
SME 003 4-Methyiphenol (p-Cresol) ND UGL NA NA
SME 003 Aluminum (Al) 127 UG 0.0081 0.58 NA
SME 003 Arsenic (As) 6.5 UGL 1.3859 99.42 145.0098
SME 003 Benzene ND UGL NA NA
SME 003 Chlorobenzene ND UGA NA NA
SME 003 Ethylbenzene ND UGAL NA NA
SME 003 Naphthalene ND UGL NA NA
SME 003 Toluene ND UGL NA NA
SME 003 Xylene (Total) ND UGAL NA NA

Total 1.3932 145.0098
SME 004 2 4-Dimethylphencl ND UGL NA NA
SME 004 2-Methylphenol (o-Cresol) ND UGL NA NA
SME 004 4-Methylphenol (p-Cresol) ND UGL NA NA
SME 004 Aluminum {(Al) 116 UGL 0.0074 0.2t NA
SME 004 Amsenic (As) 159 UGL 3.3881 95.34 354.7162
SME 004 Benzene ND UGL NA NA
SME 004 Chiocrobenzene 11 UGL 0.1583 445 NA
SME 004 Ethylbenzene ND UGL NA NA
SME 004 Naphthalene ND UG NA NA
SME 004 Toluene ND UGAL NA NA
SME 004 Xylene (Total) ND UG/ NA NA

Total 3.5539 354.7162
SME 005 2.4-Dimethylphenol 380 UGL 1.2146 0.05 NA
SME 005 2-Methylphenol (o-Cresol) 1000 UGAL 1.2785 0.05 NA
SME 005 4-Methylphenol (p-Cresol) 970 UG 12.4018 0.47 NA
SME 005 Aluminum (Al) 458 UG 0.0293 0.001 NA
SME 005 Arsenic (As) 416 UGL 8.8645 0.4 928.0626
SME 005 Benzene 34000 UGL 2542.1240 97.06 29329.1586
SME 005 Chlorobenzene ND UGAL NA NA
SME 005 Ethylbenzene 2400 UG 2.0707 0.08 NA
SME 005 Naphthalene 540 UG 0.8630 0.03 NA
SME 005 Toluene 56000 UG 49.3022 1.88 NA
SME 005 Xylene (Total) 15000 UG/ 0.9589 0.04 NA

Total "2619.1076 T30257.2213
SME 007 24-Dimethylphenol ND UGIL NA NA
SME 007 2-Methylphenol (o-Cresol) ND UGL NA NA
SME 007 4-Methylphenol (p-Cresol) ND UG/L NA NA
SME 007 Aluminum (Al) 7745 UGIL 0.4951 30.88 NA
SME 007 Arsanic (As) 52 UGL 1.1081 69.12 116.0078
SME 007 Benzene ND UGL NA NA
SME 007 Chlorebenzene ND UGIL NA NA
SME 007 Ethylbenzene ND UGIL NA NA
SME 007 Naphthalene ND UGIL NA NA
SME 007 Toluene ND UGA NA NA
SME 007 Xylene (Total) ND UG NA NA

Total 1.6032 T 116.0078

100.00

100.00

100.00

3.07

96.93

100.00



SME
SME
SME
SME
SME
SME
SME
SME
SME
SME
SME

2,4-Dimethylphenol
2-Methyiphenot {0-Cresol)
4-Methylphenol (p-Cresol)
Aluminum (Al)

Arsenic (As)

Benzene

Chlorobenzene
Ethylbenzene
Naphthalene

Toluene

Xylene (Total)

Total

Szzz

zzzzzEl

o
o
N)
o
©

NA

NA

NA

0.23 NA
99.77  410.4892
NA

NA

NA

NA

NA

NA

410.4892

100.00
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10.5.6.8 RGOs

Soil

Risk-based RGOs were based on the lifetime weighted average site resident or site worker as
presented in Table 10.5.27 for surface soils. Hazard-based RGOs were calculated based on the

hypothetical child resident or site worker, as noted in the table.

Groundwater

Groundwater risk and hazard based RGOs for the site resident and site worker scenarios are shown
in Table 10.5.28.

10.5.7  Corrective Measures Considerations

For AOC 609, the upper and lower soil intervals and shallow groundwater were investigated. A
total of six soil samples each were collected from the upper and lower intervals, Seven
groundwater monitoring wells previously installed in the shallow aquifer were sampled. Based
on the analytical results and the human health risk assessment, COCs requiring further evaluation
through the CMS process were identified for the upper soil interval and shallow groundwater.
However, residential use of the site is not expected, based on current site uses and the nature of
surrounding buildings. Current reuse plans call for continued commercial/industrial use. The site

is mostly paved with asphalt or concrete.

BEQs, antimony, arsenic, beryllium, and manganese were identified as COCs in the upper soil
interval. The soil pathway cumulative residential exposure risk is 3E-04 and the cumulative HI
is 6 (resident child). The cumulative residential exposure risk is above USEPA’s acceptable

lowest risk level of 1E-04 and the HI is above USEPA’s acceptable HI of 3 (Table 10.5.22).
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Table 10.5.27

Remedial Goal Options Surface Soil
AQC 609

NAVBASE - Charleston, Zone F
Charleston, South Carolina

Residential-Based Remedial Goal Options

Hazard-Based
Slope Reference Remedial Goal Options
Factor Dose EPC 3 1 01
Chemical (mg/kg-day)-1 _(mg/kg-day) m, mefkg mg/kg mg/kg
Inorganics
Antimony NA 0.0004 122 88 29 29
Arsenic 1.5 0.0003 113.8 66 2 22
Beryllium 43 0.005 145) 1094 365 36
Manganese NA 0.047 392.5] 10283 3428 343
Semivolatile Organics
Benzo(a)pyrene Equivalent 7.3 NA 026 ND ND ND
Worker-Based Remedial Goal Options
Hazard-Based
Slope Reference Remedial Goal Options
Factor Dose EPC 3 1 0.1
Chemical (mg/kg-day)-1 (mg/kg-day) mp/kg mg/kg mghy mgkg
Arsenic 1.5 0.0003 113.8] 1305 435 43
Beryllium 43 0.005 1.5] 21745 7248 725
NOTES:

EPC Exposure point concentration
NA Not applicable
ND Not determined
- Remedial goal options were based on the residential lifetime weighted average for carcinogens
and the child resident or site worker for noncarcinogens

Risk-Based
Remedial Goal Options
1E-06 1E-05 1E-04
m m m

ND ND ND
0.38 338 38
0.13 1.3 13

ND ND ND

Background
Concentration

| mghkg

0.79
19.9
1.05
307

0060  0.60 6.0

Risk-Based
Remedial Goal Options
1E-06 1E-05 1E-04
111 m m

27
94

271
94

27
0.94

NA

Background

Concentration
| mekg

199
1.05




Table 10.5.28

Remedial Goal Options Groundwater
AOC 609

NAVBASE - Charleston, Zone F
Charleston, South Carolina

Residential-Based Remedial Goal Options

Hazard-Based Risk-Based
Oral Oral Remedial Goal Options Remedial Goal Options Background
SF RiID EPC 0.1 1.0 3 1E-06 1E-0S§ 1E-04 |Concentratic MCL
Chemical (mg/kg-day)- (mg/kg-day) m mg/l mg/l me/l mg/l mg/ mg/l mg/ mg/l
[norganics
Aluminum (Al) NA 1 7.745 1.6 16 47 ND ND ND 0.224 NA
Arsenic (As) 15 0.0003 0.0652| 0.00047 0.0047 0.014} 0.000044 000044 0.0044 0.167 0.05
Semivolatile Organics
2,4-Dimethyiphenol NA 0.02 0.38 0.031 031 0.94 ND ND ND NA NA
2-Mcthylphenol NA 0.05 1 0.078 0.78 23 ND ND ND NA NA
4-Methylphenol NA 0.005 097 0.0078 0.078 0.23 ND ND ND NA NA
Naphthalene NA 0.04 0.54 0.063 0.63 19 ND ND ND NA NA
Volatile Organics
Benzene 0.029 NA 341 0.0027 0.027 0.08 0.0011 0.011 0.11 NA  0.005
Chlorobenzene NA 0.02 0.011] 0.006% 0.069 0.21 ND ND ND NA NA
Ethylbenzene NA 0.1 24 c.11 1.1 34 ND ND ND NA 0.7
Toluene NA 02 56 0.11 1.1 34 ND ND ND NA 1
Xylene (total) NA 2 15 31 k11 94 ND ND ND NA 10
Worker-Based Remedial Goal Options
Hazard-Based Risk-Based
Oral Oral Remedial Goal Options Remedial Goal Options Background
SF RID EPC 0.1 1.0 3 1E-06 1E-05 1E-04 [Concentration MCL
Chemical {mg/kg-day)- (mgkg-day) mgh mg/l mgl  mg/ mg/l mg/l mg/] mp/l mg/t
Inorganics
Arsenic (As) 1.5 0.0003 0.0652 0.0031 0.031 0092] 0.00019 00019 0019 0.167 0.05
Semivolatile Organics
2,4-Dimethylphenol NA 0.02 0.38 .20 20 6.1 ND ND ND NA NA
2-Methylphenol NA 0.05 ! 0.51 5.1 15 ND ND ND NA NA
4-Methylphenot NA 0.005 097 0.051 0.51 1.5 ND ND ND NA NA
Naphthalene NA 0.04 0.54 0.41 4.1 12 ND ND ND NA NA
Volatile Organics
Benzene 0.029 NA 34] 00027 0027 0.080 0.0049  0.049 0.49 NA  0.008
Chlorobenzenc NA 0.02 0.011] 0.0069 0.069 021 ND ND ND NA NA
Ethylbenzene NA 0.1 24 0.11 1.1 34 ND ND ND NA 0.7
Toluene NA 0.2 56 0.11 1.1 34 ND ND ND NA 1
Xylene (total) NA 2 15 3.1 31 94 ND ND ND NA 10
NOTES:

EPC Exposure point concentration
NA Not applicable
ND Not determined

- Remedial goal options were based on the residential lifetime weighted average for carcinogens
and the child resident or site worker for noncarcinogens
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Residential risk-based RGOs applicable to surface soil for arsenic, beryllium and BEQs are 0.38,
0.13, and 0.06 mg/kg, respectively, based on a target risk of 1E-06. Hazard-based RGOs for
surface soil for antimony and manganese are 29 and 3,428 mg/kg, respectively, based on a target
HI of 1. Potential corrective measures, in addition to no further action for soil and respective

COCs, are presented in Table 10.5.29.

Aluminum, arsenic, 2,4-dimethylphenol, 2-methylphenol, 4-methylphenol, naphthalere, benzene,
chlorobenzene, ethylbenzene, toluene, and xylene (total) were identified as residential groundwater
COCs in the shallow groundwater at AOC 609. Arsenic and benzene have a calculated risk of
3E-02 associated with the present concentrations in the shallow groundwater at SMEQQ5. This
risk is above USEPA'’s acceptable risk of 1E-04 (Table 10.5.22).

Table 10.5.29
Potential Corrective Measures for AOC 609

Medium Comgds of Concern Potential Corrective Measures

'Soil';%/ i ' Ammony lmnc.berynmm,mngame ) No'm:!pn

Shallow Groundwater Aluminum, arsenic, 2,4-dimethylphenol, a) No Actdon

2-methylphenol, 4-methylphenol, b) Intrinsic remediation and monitoring
naphthalene, benzene, chlorobenzene, ¢) In-situ, biological, chemical and physical
cthylbenzene, toluene, and xylene treatment
d) Ex-situ, biological, chemical and
gh;sical treatment

Aluminum, arsenic, 2,4-dimethylphenol, 2-methylphenol, 4-methylphenol, naphthalene, benzene,
chlorobenzene, ethylbenzene, toluene, and xylene (total) have a calculated HI of 1,353 associated
with their present concentrations. This HI is above USEPA's acceptable HI of 1. The risk-based
RGOs for arsenic and benzene are 0.000044 and 0.0011 mg/L, respectively, based on
a target of 1E-06. The hazard-based RGOs for aluminum, 2,4-dimethylphenol, 2-methylphenol,
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4-methylphenol, naphthalene, chlorobenzene, ethylbenzene, toluene, and xylene (total) are 16,
0.31, 0.78, 0.078, 0.63, 0.069, 1.1, 1.1, and 31 mg/L, respectively, based on a target HI of 1
(Table 10.5.22).

Potential corrective measures for the shallow groundwater and respective COCs are presented in

Table 10.5.29. Corrective measures for AQC 609 are detailed in Section 9.

10.5.109
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10.6 AOC 611, Grease Rack and Hobby Shop, Former Building 1264

A CSI site, AOC 611 is the site is the former Building 1264, a small garage size structure which
was used as an automotive hobby shop from the late 1950s to the early 1960s. The building has
since been demolished and the site incorporated into a partially asphalt paved and grass covered
area. Materials potentially released, stored, or disposed of at the site include petroleum products,
antifreeze, isopropyl alcohol, solvents, degreasers, enamel paint, paint thinner, battery acid, and

lead.

10.6.1 Site Geology

Figure 10.6-1 shows the soil sampling locations associated with the AOC 611 investigation. No
monitoring wells were installed at AOC 611. Subsurface stratigraphic information from adjacent
AOC 609 is quite similar. The subsurface stratigraphy should consist of approximately two-feet
of silty sand overlying silty clay. Previously provided Figures 10.5-2 and 10.5-3 depict the
shallow groundwater flow pattern in the AOC 611/609 area.

10.6.2 Field Investigation Approach

The objective of the field investigation at AOC 611 was to: (1) confirm the presence or absence
of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient
data to support a detailed evaluation of treatment alternatives, if required. Soil was the medium
sampled during the field investigation. Section 3 of this report details the methods used during
the field investigation. This section describes the hand-auger procedures used for soil sampling;

the analytical protocols for sample analyses; and describes miscellaneous field procedures.
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10.6.3 Soil Sampling and Analyses

The approved final RFI work plan proposed advancing four soil borings within the AOC 611 area
to assess the presence of any soil contamination at this site. Upper and lower interval soil samples
were proposed from each boring. Based on the results of the four initial soil samples, three
additional soil borings were advanced during the second-round of the field investigation. Upper
and lower interval samples were collected from all seven soil borings. In accordance with the
approved final RFI work plan, the four first-round soil samples were analyzed for metals, SVOAs,
and VOAs at DQO Level III, and pH. Second-round samples were analyzed for metals and
SVOAs only at DQO Level IIl. In addition, one second-round upper interval duplicate soil sample
was collected for Appendix IX analyses at DQO Level IV. Table 10.6.1 summarizes the AOC 611

soil samples and analyses.

10.6.3.1 Nature of Contamination in Soil

Organic compound analytical results for soil are summarized in Table 10.6.2. Inorganic analytical
results for soil are summarized in Table 10.6.3. Table 10.6.4 presents a summary of all analytes
detected in soil at AOC 611. Appendix D contains a complete analytical data report for all Zone F

samples collected.

Volatile Organic Compounds in Soil
No VOCs were detected above their respective RBCs in surface soil samples, or above their

respective SSLs in subsurface soil at AQC 611.

Semivolatile Organic Compounds in Soil

Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and
indeno(1,2,3-cd)pyrene were detected above their respective RBCs in surface soil samples at
AOC 611. Figure 10.6-2 illustrates the distribution of these compounds as total BEQ
concentrations in surface soil. No SVOC were detected in subsurface soil above their exceeding
the SSL at AOC 611.
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Table 10.6.1
AOC 611
Soil Samples and Analyses
Boring Sample Sample Date

611SB00G

e

611SB007

Notes:
! SW-846 (metals, SVOAs, and VOAs) at DQO Leve! III; pH.
SW-846 (metals and SYOAs) at DQO Level 1.

Appendix IX suite: Appendix IX (pesticides/PCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins, OP-pesticides); cyanide; hex-
chrome at DQO Level IV,

Duplicate sample
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Table 10.6.2
AOC 611
Organic Compound Analytical Results for Soil

Mean Number of
Frequency Range of of Reference Samples
of Detections Detections Conc.* Exceeding
Parameters Sample Interval Detections (ug/kg) (ug/kg) (ug/kg) Reference

Volatile Organic Compounds (Upper Interval — 4 Samples plus 1 Duplicate Sample/Lower Interval —4 Samples) (ug/kg)

Carbon disulfide . Upper ’ o5
S Lower - 1/4
Ethylbenzene Upper 1/5
Lower 1/4

Toluene - ; Upper . : . 151
‘ Lower 0/4

Xylene (total) Upper 215
Lower 1/4

Semivolatile Organic Compounds (Upper Interval — 7 Samples plus 1 Duplicate Sample/Lower Interval —7 Samples) (ug/kg)

BEQs' U an
Lower = 0/0
2-Methylnaphthalene Upper 17
Lower 217
Acerapchene ¢ Upper 17
Acenaphthylene Upper 217 50.5 - 720.0 385.25 0
Lower 0/7 ND ND 0
Anthracene | Upper 37 i 44.5-500 2i2.83 N
- : - . Lower 17 R 'Y B 1100 Lt

10.6.6
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Table 10.6.2
AOC 611
Organic Compound Analytical Resulis for Soil
Mean Number of
Frequency Range of of Reference Samples

of Detections Detections Conc.* Exceeding

Parameters Sample Interval Detections (ug/kg) (ug/kg) (g/kg) Reference
e e r— - _ _— —— — e —

Benzo(a)pyrene Upper 37
Lower 0/7
Benzo(b)fluoranthens Upper in .
. Lower o
Benzo(g,h,i)perylene Upper 4/7
Lower 07
Benzo(k)fluoranthene i Upper .anm :
B : Lower o or7 :
Benzoic acid Upper 2/7
Lower /7
Chrysene. - - : | , Upper - an ?;ﬁll
‘ ‘ : " Lower 177 R
Di-n-butylphthalate Upper 17 65.0 65.0 0
Lower 0/7 ND ND 0
Di-n-octylphthalate Upper 217 ’ 54.0-240.0 S 1470 L0
: Lower o : ND : : ND 0
Dibenz(a,hjanthracene Upper 217 58.0 - 600.0 329.0 88 1
Lower o7 ND ND 2000
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Table 10.6.2
AOC 611
Organic Compound Analytical Results for Soil
Mean Number of
Frequency Range of of Reference Samples
of Detections Detections Conc.* Exceeding
Parameters Sample Interval Detections (ug/kg) (ug/kp) (ug/kg) Reference
— e — — e ————

Interval - 7 Samples plus 1 Du le/Lo

lus 1 Duplicate

et e

Dibenzofuran o Upper Lo

Lower ‘ 17 L0
Fluorene Upper 0/7 0
Lower 1/7 0
Fluoranthene - Upper , 4 o
Lower o 177 |
Indeno(1,2,3<cd)pyrene Upper 3/7
Lower 0/7
Naphthalene .~ - o : . Upper oL 17
: ' : P Lawer DR 1
Phenanthrene

Dieldrin Upper 1/1 20.0 20.0 40 0
Lower 0/0 ND ND 4 0
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Table 10.6.2
AOC 611
Organic Compound Analyticat Results for Soil
Mean Number of
Frequency Range of of Reference Samples
of Detections Detections Conc.* Exceeding
Parameters Sample Interval Detections (g/kg) g/kp) (g/kg) Reference
Pesticides and PCBs !gggr Interval — 1 Duglicate Slmgle! !&ﬁ)

- B Lower . lm "»: R | ) .

Dioxins (Upper Interval — 1 Duplicate Sample) (ng/kg)

Dioxin(2,3,7,8-TCDD TEQs)' Upper
i . Lower
—
pH

pH Upper
__ Lower
Notes:
* =  Calculated values correspond to a noncancer hazard quotient of 1.
b = Calculated values correspond to a cancer risk level of 1 in 1,000,000.
¢ = Soil saturation concentration (C,,).
d =  SSL for pH of 6.8.
! = Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 2 (USEPA, 1995a) (See Section 6).
ND = Not detected
NL = Not listed
NA = Not applicable
. =  Residential RBCs (THQ=0.1) were used as a reference concentration for upper interval samples. Generic soil to groundwater SSLs (DAF=20) from the Soil Screening Guidance: Technical
Background Document (USEPA, 1996¢c) were used as a reference concentration for lower interval samples.

mg’kg = Micrograms per kilogram
ng/kg = Nanograms per kilogram
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Table 10.6.3
AOC 611
Inorganic Analytical Results for Soil

Mean Number of
Frequency Range of of Reference Samples
of Detections Detections Counc.* Exceeding
Parameters Sample Interval Detectlons (mg/kg) (mglks]i (mg/kg) Reference

Inorganics (Upper Interval - 7 Samples plus 1 Duplicate Sample/Lower Interval - 7 Samples) (mg/kg)

Abminm . CoUpperl o 6100.0 - 14300.0
& Lower como 6150.0 - 15200.0
Antimony Upper 317 0.8-2.25 il 0
Lower 117 0.6 5 0
Arsenic Upper mo- 53-145.0
Lower o 1.9-34,

Barium Upper m 11.1-1770 63.81 550 0
Lower 717
. Beryltium : :
Cadmium
Lower
‘Caleum Upper - S 8000 11900.0
R o Lawer BT . 147040400 .
Chromium Upper 7 14B-61.4 27.3 a9 1
Lower mn 85-21.5 19.8 g 0
£ et . 2 v . (R f? . »,‘(f,
Cobalt T Upper N 1.6-13.1 R 441 470 0 A
. Lower . - . 7 . 0.51-1.9 Lo 1.52 . 2000 . o :
Copper Upper m 0.94 - 746.0 135.1 310 1
Lower 7 0.46 - 156.0 23.2 20 0
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Table 10.6.3
AOC 611
Inorganic Analytical Results for Soil
Mean Number of
Frequency Range of of Reference Samples
of Detections Detections Conc.* Exceeding
Parameters Sample Interval Detections {(mg/kg) (mg/kp) {(mpikg) Reference

Inorganic (Upper Interval - 7 Samples plus 1 Duplicate Sampile/Lower Interval - 7 Samples) (mg/kg)

Iron Upper 747 87200 -17&000 L g
Lower ¥/ 6250.0 =30300.0 " - “NAY
Lead Upper 717 7.1 - 566.5 2
Lower 717 6.1-70.8 0
Magnesium Upper i 732,05 1260.0 © NA
Lower ‘ "1 393.0< 1190;0 NA:
Manganese Upper I 29.0- 1240

Lower kiri 16.1 - 74.7

Mercury Upper : S ‘ - OW- 167 o
T Lower /1 ] - 0714'"»5571:, Lo

Nickel Upper 177 2.9 - 140.35
Lower 77 1.1-44

Potassium . Upper .: ;‘-’:, 67 322.0‘594.0 i

: Co Lowet -~ .7 . 6/7 42806080

Selenium Upper 17 0.39-1.0 0.65 39 0
Lower sr7 0.6-20 1.07 s 0

Sitver - Upper 17 7 , 17 39 S0

: Lower - cooon ND . ND 34%° R T

Sodium Upper kT 238.0 - 245.0 242 NL NA

Lower 3/7 242.0-288.0 258.0 NL NA
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Table 10.6.3
AOCqé11
Inorganic Analytical Results for Soil
Mean Number of
Frequency Range of of Reference Samples
of Detections Detections Conc.* Exceeding
Parameiers Sample Interval Detections (mg/kg) (mg/kg) (mg/kg) Reference

Inorganic (Upper Interval - 7 Samples plus 1 Duplicate Sample/Lower Interval - 7 Samples) (mg/kg)

Thallium Upper 17 ST T R

Lower 217 : 0.78 <0.87
Vanadium Upper iz 20.4-29.2 0
Lower 717 11.7-404 0
Zine Upper mn 10.9 - 1100.0 RERY
Lower 7 7.1-3940 - =70
Cyanide Upper 11 0.16 0.16 160 0
Lower 0/0 ND ND 40 (aﬂcnablc) 0
Notes:
|

Calculated values correspond to a noncancer hazard quotient of 1.
SSL for pH of 6.8.
A screening level of 400 mg/kg has been set for lead based on Revised Inrerim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities (USEPA, 1994a).

ND Not detected

NL Not listed

NA Not applicable

. Residential RBCs (THQ=0.1) were used as a reference concertration for upper interval samples. Generic soil to groundwater SSLs (DAF =20) from the Soil Screening Guidance: Technical
Background Document (USEPA, 1996¢c) were used as a reference concentration for lower interval samples.

mg/kg =  Milligrams per kilogram
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Table 10.6.4
AOC 611
Analytes Defected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Backgromd Conc. (DAF=20) Back!r_mmd

Yolatile Organic Compounds ( ug/kg)

 Carbon disulfide . © 61188002 ND S 78000000 FUUNATL

Ethylbenzene 611SB002 ND 780000 13000 NA
611SB004 16.0

Toluene 611SBO04 3.0 1600000 CNA

Xylene (total) 611SB0O! 2.0 16000000 NA
611SB00Z ND
611SB004 100.0

Semivolatile Or;

61158002
- 6115800 -

611SBO06 ;
611SB007 , |
2-Methylnaphthaicne 611SB002 ND 310000 NA 130.0 126000 NA
611SB00S ND
611SB0Q7 88.5
Acetiaphthene T 6118BO0S ND 470000 - ¢ Cs00000 0 NAY
Acenaphthylene 611SB006 720.0 310000 NA ND 293000 NA
6L1SB007 50.5 ND
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Table 10.6.4
AOC 611
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Background Conc. (DAF=20) Background

Benzo(a)anthracene 6115B002 92.0
611SB005 ND
611SB006 1900.0
611SB007 57.5
" Beuzo(a)pyrene 61158002 110.0
: 6115B006 3000.0
N ) 61158007 70.0
Benzo(b)fluoranthene 611SB00S 49.0
611SB006 3500.0
611SB007 83.5
 Benzb(g,b,perylenc G1isBOR " 1500
: +- 6115B006 - 1400.0
61151!(!)7 ) 140.0
Bernzo{k)fluoranthene 6115SB002 180.0 8800.0 NA ND 45000 NA
6115B006 3400.0 ND
6115SB007 85.5 ND
Benzoic acid 61158005 61.0 31000000 NA - ND. 400000% NA
: . 611SB007 110.0 o
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Revision: 0
Table 10.6.4
AOC 611
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Background Conc. (DAF=20) Background
e —
le Organic Compounds (up/kp) —r—— S
Chrysene 6115B002 -150.0 £8000.0 NA -
6115B00S 45.0 ﬂ e
611SB006 3600.0 .
611SB007 91.0
Di-n-butylphthalate 611SB007 65.0 780000 NA
Di-n-octylphthalats 61158002 54.0 160000 . . NA
611SB003 240.0 ~ e
Dibenz(a,h)anthracene 611SB002 58.0 88 NA
611SB006 660.0
Dibenzofuran 611SB00S ND 31000 L
Fluoranthene 611SB002 200.0 310000.0 NA
611SB00S 50.0
6115SB006 1600.0
611SB007 115.0
Fluorene © 611SBOOS ND 310000 NA e
Indeno(1,2,3cd)pyrene 611SB002 120.0 880 NA
611SB006 1400.0
611SB007 81.5
Naphthalene 611SB00S ND 310000  NA 7400 - 84000° NA
: 6115B007 62.5 R , : - ND L
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Table 10.6.4
AOC 611
Analytes Detected in Surface and Subsurface Soil

Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Bncl:ground Conc. (DAF=20) Background
Semivolatile Oganic Comgunds !éﬁéé_!!
Pheranthrene " elsBo 710 . 2300000 ;o LNAGELL X LSND 000 NA .
611SBOOS .. ND S o
611SB006 1400
611SB0O07 87.0 e
Pyrene 611SB002 160.0 230000.0 NA ND 4200000* NA
611SB00S 41.0 160.0
611SB006 4100.0 ND
611SBOO7 110.0 ND
Pesticides and PCBs (up/kg)
Dieldrin e 611SB0O7 - - .:20.0
gamma-Chlordane 611SB007 7.6
Aroclor-1260 o .0 S6USBOOT . 3700
Dioxins (ng/kg)
‘Dioxin (2,3,7.8-TCDD TEQs)) =~ 611SB007 - 1000,
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Table 10.6.4
AOC 611
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Background Conc. (DAF=20) Background

611SB001

6i1SB002- 61000
6115B003 11500.0 o
6115B004 8980.0 '
6115B00S 14300.0
611SB006 7470.0
611SBO07 11750.0
Antimony (Sb) 6115B00S 0.8 3.1 0.79 ND 5 NL
611SB006 1.5
6115B007 2.25
Arsenic (As) " 6118BO01 18 0 043
o 611SB002 145.0 o
“ 611SB003 © © 83
6115B004 3.9
- 615SBOOS < . 7.2 .
6115B00S ‘ 118 -
611SBO07 . - 12.6 -
Barium (Ba) 6115BO01 27.0 550.0 61.5 2.8 1600° 518
6115B0O02 177.0 34.5
611SB003 25.9 15.3
6115B004 111 10.1
6115B005 4.5 18.1
6115B006 55.7 23.0
611SB0O7 115.5 15.3
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Table 10.6.4
AOC 611
Analytes Detected in Surface and Subsurface Sofl
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Background Conc. (DAF=20) Background
— — —_— e — — — _____ —
Inorganics (mg/kg)
Beryllium (Be) 611SB001 0.37 0.15
611SBOg2 0.49 E
6115B003 0.42
6E1SBO04 0.21
6115B005 0.39
611SB006 0.37
611SB007 0.36
Cadmium (Cd) 611SB002 4.9 3.9 0.26 1.5 g 0.09
611SB005 0.24 ND
6115B006 0.92 ND
611SB007 1.45 ND
Calcium (Ca) 611SBO01 1800.0
L . 611SB0O2 11900.0
61 ISB(I'B . £400.0.
611SB004 802.0
611SB0O0S - - 9920.0
611SB006 3640.0
61158007 2515.0
Chromium (Cr) 6115B001 20.1 39 VI 34.8 27.2 38° (total) 32.2
7800 1L
611SB002 3139 16.2
611SB003 17.0 16.4
611SB004 14.8 8.5
611SB00S 61.4 21.5
611SB006 234 21.3
611SB007 20.5 215
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Table 10.6.4
AOC 611
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. (THQ=0.1) Backgronnd Cone. (DAF=20) Background

Inorganics (mg/kg)

Cobalt (Co) - 6115800} 16
: ' 611SB002 3.0
6115B003 13.1
6115B004 1.8
611SBO0S 1.0
611SB006 2.7
641SB007 B %
Copper (Cu) 611SB0OI 211 310.0 482 1.2 920 30.4
611SBO002 746.0 156.0
6115B003 5.5
611SB004 0.94
611SB00S 189
611SB006 78.2
611SB007 54.95
Cyénide (CN) o 611SB007 0.16- 1600 40 (Aménable) Y TR
Iron (Fe) 611SB001 1510.00 2300.0 NL 30500.0 NL NL
611SB002 17600.0 12600.0
611SB003 13900.0 14200.0
611SB004 12400.0 6250.0
611SB00S 13100.0 12700.0
611SB00G 8720.0 20100.0
611SB007 16050.0 21800.0
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Table 10.6.4
AOC 11
Analytes Detected in Surface and Subsurface Soil
Sail to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. {THQ=0.1) Background Conc. (DAF=20) Background
Inorganics (mg/kg)
Lead(Pb) P 611SB001 - 19.6
) : 611SB0O02 - 400.0
611SB003 2.9
611SB004 7.1
611SB0O0S 84.8
611SB006 309.0
61188007 - - 566.8
Magnesium (Mg) 6115B001 899.0
6115B002 907.0
61158003 1040.0
611SB004 732.0
611SB00S 1260.0
6115B006 896.0
611SB00O7 816.5
S GlSBOOL 3l
©G1ISBO0Z . v U 1240 =
611SBOG3 - 87
611SB004
6115B005 -
- G118BO0G .
- 611SBOO7
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Table 10.6.4
AOC 611
Analytes Detected in Surface and Subsurface Soil
Soil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Cone. (THQ=0.1) Background Conc. (DAF=20) Background

Inorganics (mg/kg)

Metcury (Hg) 611SB001 23 23 0.3
611SB002 16.7 L
611SB004 0.07 ot
611SB00S 1.6 b
611SBO0G 22
61158007 1.55

Nickel (Ni) 611SB00} 3.7 160.0 12.6 29 130° 8.85
611SB002 10.0
611SB003 54
611SB004 2.9
611SB00S 8.1
611SB00G 8.9
611SB007 140.35

Powssium (K) . : 611SB0OL .413.0 NL

Lt Gaootow o GLISBOO2 Yo 4480 . ;

< GL1SBO0Y . T8940 ¢
SEN © G11SBOO4 ¢ . 339.0
Le Uil G1ISBOOS o 475.0
4. - . GLISBOO6 . .7 :ND
» 61iSB007 - - 3R0
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Table 10.6.4
AQOC 611
Analytes Detected in Surface and Subsurface Sofl
Seil to
Residential Groundwater
Surface RBC* Surface Subsurface SSLe Subsurface
Parameters Location Conc. (THQ=0.1) Bncksround Caonc. (DAF=20) Background
Inorganics (mg/kg)

: Selenium (Se)

Sitver (Ag)

Sodium (Na)

Thaltium (T)

Vanadium (V)

* 6118B00I

6115B002
61188003

© 6115B004

6115B003
611SB00G
611SB007
61158003

611SB00S

611SB00S '

61188007

611SB006
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Table 10.6.4
AOC 611
Analytes Detected in Surface and Subsurface Soil
Sqil to
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameters Location Conc. ({THQ=0.1) Bcksronnd Conc. {DAF= _2_0) Backgreund
Inorganics (mg/kg) _
Zinc (Zn) 6115B001 40.%
611SB002 © 11000
611SB003 ) 31.6
611SB004 ’ 10.9
611SB005 100.0
611SB006 2320
611SB007 150.5
£
pH ) 611SBOOL. % - T.42.
" 6115B002 N A
6115B003 - .= 6.59 . -
611SBOO4. . . . - 5.39
Notes:
: = Calculated values correspond to a noncancer hazard quotient of 1.
b =  Calculated values correspond to a cancer risk level of | in 1,000,000,
¢ = SSL for pH of 6.8.
¢ =  Soil saturation concentration (C,,).
i = A screening level of 400 mg/kg/ has been set for lead based on Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities (USEPA, 1994a).
! = Ciailculated from methods described in USEPA [nterim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 2 (USEPA, 1995a) (See Section 6).
* = Residential RBCs (THQ=0.1} were used as a reference concentration for upper interval samples. Generic soil to groundwater SSLs (DAF=20) from the Soil Screening Guidance: Technical
Background Document (USEPA, 1996¢c) were used as a reference conceatration for lower interval samples.
NA = Not applicable

ND = Not detected

Bolded concentrations exceed both the reference concentration (RBC or SSL) and the zone background.

All background reference values for Zone F are based on twice the means of the grid sample concentrations. One grid sample from Zone E is included in each group. Background reference values for
groundwater are based on two sampling rounds in two wells at each depth.
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Pesticides and PCBs in Soil
Aroclor-1260, exceeded its RBC in surface soil. Figure 10.6-3 shows the PCB, Aroclor-1260,

concentrations in surface soil. No pesticides exceeded their respective RBCs in the duplicate

sample.

Other Organic Compounds in Soil
Dioxin (2,3,7,8-TCDD TEQ) was detected in surface soil below its RBC in the duplicate sample.

Inorganic Elements in Soil

Twenty-three metals and cyanide were detected in soil samples collected at AOC 611. Arsenic,
cadmium, chromium, copper, lead, and mercury were detected above both their respective RBCs
and background concentrations for Zone F surface soil. Arsenic and mercury exceeded their
respective SSLs and background concentrations for Zone F. Figures 10.6-4 through 10.6-11 show
surface/subsurface metals concentrations that exceeded both their respective RBC/SSL and

background concentrations.

pH in Soil
Soil samples from the four original locations were analyzed for pH. The surface soils all exhibited
a normal range of pH. Three of the subsurface soil sample locations exhibited slightly acidic

conditions.
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10.6.4 Fate and Transport Assessment for AOC 611
Environmental media sampled as part of the AOC 611 investigation include surface and subsurface
soil. Potential constituent migration pathways investigated for AOC 611 include soil-to-

groundwater, and emission of volatiles from surface soil-to-air.

10.6.4.1 Soil-to-Groundwater Cross-Media Transport

Table 10.6.5 compares maximum detected organic constituent concentrations in surface and
subsurface soil samples to groundwater protection SSLs. For inorganics, maximum concentrations
in soil are compared to the greater of (a) RBCs, or (b) background concentrations. To provide
a conservative screen, generic SSLs are used; leachate entering the aquifer is assumed to be diluted

by a ratio of 20:1, with no attenuation of constituents in soil (DAF=20).

One organic — dieldrin — was detected above its applicable SSL in surface soil at one duplicate
location, This distribution is consistent with a surface application of dieldrin, and its strong
affinity to adsorb to soil media, thereby limiting its mobility and attenuating its concentrations with
depth in the soil column. Dieldrin in surface soil is normally temporally persistent as well,

exhibiting very slow breakdown over time.

Five inorganics — arsenic, chromium, lead, mercury and nickel — exceeded their respective SSLs
in surface soil. These exceedances were primarily limited to two locations 611SB002 and
611SB007. Chromium was detected in 611SB005. Only two of these exceedances — arsenic and
mercury — were detected above the applicable SSL in subsurface soil, at location 611SB002.
Notably, most inorganics exhibited a remarkable attenuation of concentration in the subsurface:
arsenic concentration diminished by a factor of more than 4, chromium by more than 2, lead by
more than 5, mercury by more than 2, and nickel by more than 31. This depletion in inorganic

concentration is consistent with a surficial source, and in the absence of a mobilizing agent, the

10.6.34

10

11

12

13

14

15

16

17

18

19

20

2t

22

23



Table 10.6.5

Chemicals Detected in Surface and Subsurface Soil .
Comparison to SSLs, Tap Water RBCs, Salt Water Surface Water Chronic Scrcening Levels, and Background Concentrations
NAVBASE Charleston, Zone F: AOC 611

Charleston, South Carolina

Max. Concentration | Max. Concentration Screening Concentration * Ground-  Surface
Soil to Saltwater Water  Water
Surfsce Subsurface] Shallow  Deep GW  Tap Water Surf. Wir.| Soil Water| Leaching Migration Mignzimf
Parameter Soil Soil GW GW SSL RBC Chronic | Units Units | Potentisl Concern  Concern
Vaolatile Organic Compounds
Carbon disutfide ND 2 NA Na| 32000 1000 NA| voxe uvon NO NO NO
[Ethylbenzene 16 11 NA NA 13000 1300 43] vaxo ueL NO NO NO
Toluene 3 ND NA NA 12000 750 37| voxe uvor NO NO NO
[Xylene (total) 100 50 NA NA{ 142000 12000 NAJ voxe ust NO NO NO
Semivalatile Organic Compounds
Acenaphthene ND 160 NA NA| 570000 2200 9.7| voxe uaLn NO NO NO
Acensphthylene 720 ND NA NA| 263000 1500 NA| vaxe wer NO NO NO
Anthracene 540 110 NA NA| 12000000 11000 NA| voxe oL NO NO NO
enzoic acid 110 ND NA NA| 400000 150000 NA| vaxe uor NO NO NO
enzo(g.hi)perylenc 1400 ND NA NA| 4.66E+H08 1500 NA[ vaxe uvaL NO NO NC
enzo(a)pyrene equivalents
Benzo(a)anthracene 1900 $3 NA NA 2000 0.092 NA| uske uan NO NO NO
Benzo(a)pyrenc 3000 ND NA NA 8000  0.0092 NA| vaxe vor NO NO NO
Benzo(b)luoranthene 3500 ND NA NA 5000 0.092 NA{| voxc Uuar NO NO NO
Benzo(k)fluoranthene 3400 ND NA NA| 49000 092 NA] uoxe usa NO NO NO
Chrysene 3600 51 NA NA( 166000 9.2 NA| voxa uaL NO NO NO
Dibenzo(a,h)anthracene 600 ND NA NA 2000  0.0092 NA| voxe ue NO NO NO
Indeno(1,2,3-0d)pyrenc 1400 ND NA NA 14000 0.092 NA| voxa wveu NO NO NO
ibenzofuran ND 74 NA NAl 120000 150 NA| vaxe uan NO NO NO
i-n-butylphthalatc 65 ND NA NA| 2300000 3700 34) voxo um NO NO NO
i-n-octylphthalate 240 ND NA NA| 16000000 730 NA[ vaxe ueL NO NO NO
luorsnthene 1600 200 NA NA|( 4300000 1500 16| voxe v NO NO NO
luorene ND 160 NA NA| 3560000 1500 NA| uvoxe vuaL NO NO NO
2-Methylnaphthaiene 88.5 12000 NA NA} 126000 1500 NA( vaxe uoL NO NO NO
[Naphthalene 62.5 7400 NA NA 84600 1500 23.5) vaxe uam NO NO NO
henanthrene 140 470 NA NA| 1330000 1500 NA| vaxo Ut NO NO NO
Enm 4100 160 NA NA( 4200000 1100 NA| voxo uor NO NO NO
Pesticides/PCB Compounds
Aroclor-1260 370 NA NA NA 1000 0.033 0.03! voxae usL NO NO NO
ugnmma-CMordan: 7.6 NA NA NA 10000 0.052 0.004| vaxa uaL NO NO NO
[Dicldrin 20 NA NA NA 4 00042 00019] vaxc um YES NO NO
Dioxin Compounds
[Dioxin (TCDD TEQ) 11.2665 NA NA NA 1900 0.43 10] oo »on NO NO NO
Inorganic Compounds
| Aluminum 14300 15200 NA NA} 1000000 37000 NA| moxs  voa NO NO NO
Antimony 225 0.6 NA NA| s 15 NA| moxe var NO NO NO
Arsenic 145 347 NA NA 29 16.7 36| Moxa vl YES NO NO
arium m 345 NA NA 1600 2600 NA] moxo  von NO NG NO
eryllivm 0.49 0.47 NA NA 63 0.66 NA| Moxo uo NO NO NO
jum 49 1.5 NA NA, 8 18 9.3] Mako uvaL NO NO NO
Chromium (total) 614 278 NA NA 34 180 50| moxo voa YES NO NO
13.1 1.9 NA NA 2000 2200 NA| maxe uoL NO NO NO
per 746 156 NA NA 020 1500 29| moxe uoL NO NO NO
Cyanide 0.16 NA NA NA 40 130 43] moxo  uan NO NO NO
567 70.8 NA NA 400 15 8.5| Moxc var YES NO NO
gancss 124 4.7 NA NA 1100 2010 NA| maxe uas NO NO NO
Meroury 16.7 6.7 NA NA 2 1n 0025 | Maxs  was YES NO NO
Nickel 140 44 NA NA 130 730 61.1f Maxe ueL YES NO NO
Selenium 1 2 NA NA b 180 71| Moxe v NO NO NO
Silver 1.7 ND NA NA 34 180 2.7) maxo uoL NO NO NO
Thallium 0.31 0.37 NA NA 1.24 2.9 213 | Maxo  UoL NO NO NO
YV anadinm 29.2 40.4 NA NA 6000 260 NA| maxa  vor NO NO NO




Table 10.6.5

Chemicats Detected in Surface and Subsurface Soil
Comparison to SSLs, Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Concentrations
NAVBASE Charleston, Zone F: AOC 611

Charleston, South Carolina
Max. Concentration | Max. Concentration Screening Concentration * Ground-  Surface
Soil to Saltwater Water  Water
Surface Subsurface| Shallow  Deep GW  Tap Water Surf Wir.| Soil Waler| Leaching Migration Migration|
Parameter Soil Soil GW GW SSL RBC Chronic_j Units _ Units | Potential _Concern  Concem
Zinc 1100 394 NA NA 12000 1100¢ 86| moxa UL NO NO NO

* Screening Concentrations:

Soil to GW - Generic S5La based on DAT = 20, from 1996 Soil Sereening Guidance or caloulsicd using valucs from Table 6.4
Tap Water RBC - From EPA Region III Risk-Based Concentration Table, June 3, 1996
Saltwater Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Asscasment, November 1995; Table 2
For inorganics, the value shown is the grester of the relevant soreening value or the corresponding background reference value.

NA - Not svailable/Not applicable
ND - Not detected

DAF - Dilution and sttenuation factor
GW - Groundwater

RBC - Risk based concentration
SSL - Soil sereening level

MG/KG - Milligramas per kilogram
NG/KG - Nanograms per kilogram
PG/L - Picogram per liter
UG/KG - Micrograms per kilogram
UG/L - Micrograms per liter
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tendency for inorganics to adsorb onto soil media. The nature of the exceedances is consistent
with past site activities, namely disposal of battery acids (enriched with metals) and iead. Overall,
the occurrence of both inorganic and organic exceedances does not cover a large area horizontally.
With regard to the soil to groundwater pathway, data are available from other sites in this zone
that suggest that arsenic at similar concentrations in subsurface soil is not leaching to shallow
groundwater. Additionally, given the persistent presence of arsenic zone-wide in both soil and
groundwater, consideration should be given that soil subsurface soil concentrations are within the
range of ambient conditions. The presence of mercury is inconsistent with other zone sites,
therefore, the soil-to-groundwater migration pathway may have merit. Evaluation of the pathway
should be focused however, given that a risk-based evaluation is consistently invalid given the lack

of resource use,

10.6.4.2 Soil-to-Air Cross-Media Transport
Table 10.6.6 lists the VOCs detected in surface soil samples collected at AOC 611, along with
corresponding soil-to-air volatilization screening levels. No VOCs were detected in site soil that

exceeded applicable screening levels, therefore the migration pathway is invalid.

10.6.4.3 Fate and Transport Summary

One organic and five inorganics were present in surface soil above applicable SSLs. However,
subsurface SSL exceedances were limited to two inorganics, arsenic and mercury. Distribution
of soil exceedances exhibited remarkable attenuation as a function of depth within the soil column.
Both the nature and vertical extent of these constituents is consistent with past site activities of
surface disposal of wastes, including battery acid and lead. Attenuation with depth is a reflection
of the soils ability to adsorb these constituents in the absence of a mobilizing agent. While no
AOC specific groundwater data are available, empirical zone-wide data suggest that arsenic at
similar concentrations will not leach at appreciable concentrations into shallow groundwater

under typical conditions. Less data is available regarding mercury leachability, however, and the

10.6.37

12

13

14

16

17

19

20

21

22

23

24

25



Table 10.6.6
Soil to Air Volatilization Screening Analysis
NAVBASE Charleston, Zone F: AOC 611

Chatleston, South Carolina
Maximum
Concentration Soil to

in Surface Air Exceeds
VOCs Soil SSL* Units SSL
Lﬁthylbenzeme 16 400000 UGKG NO
oluene 3 650000 UG/KG NO
Xylene (total) 100 410000 UGKG NO

* . Soil screening levels for transfers from soil to air were obtained from USEPA Soil
Screening Guidance, Technical Background Document Appendix A, May 1996
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA
Region IIT Risk-Based Concentration Table, June 1996.

NA - Not available
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soil-to-groundwater pathway for this constituent may have merit. Regardless of the leachability
to groundwater, however, the pathway screening for groundwater is risk-based, a pathway which
is consistently invalid due to the lack of resource use. The groundwater to surface water migration
pathway has not been evaluated with this AOC. However, the nearest receptor (the Cooper River)
is 1,800 feet to the northeast, and data from the nearest site (AOC 609, 150 feet to the north)
indicates that local groundwater flow is to the southeast. Both of these factors would suggest that
the surface water discharge pathway would be invalid at AOC 611. The soil-to-air volatilization
pathway at this AOC is unsubstantiated by the data and is considered insignificant.

10.6.5 Human Health Risk Assessment for AOC 611
10.6.5.1 Site Background and Investigative Approach
AOQOC 611 is the former Building 1264, which was used as an automotive hobby shop from the late
1950s to the early 1960s. The building has since been demolished and the site incorporated into
a partially asphalt-paved and grass covered area. Materials released, stored, or disposed of at the
site included petroleum products, antifreeze, isopropyl alcohol, solvents, degreasers, ename] paint,

paint thinner, battery acid, and lead.

During the CSI, a total of 14 soil samples were collected from the upper and lower intervals of
seven boring locations to identify potential impacts resulting from the activities listed above. Eight
soil samples were collected from four initial soil borings in September 1996 and seven (six
samples and one duplicate) soil samples from three additional soil borings were included in
January 1997. Surface soil samples from all seven boring locations were used to quantitatively
assess soil exposure pathways. Section 10.6.3 provides 2 summary of the sampling effort for
AOC 611 soil.
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10.6.5.2 COPC Identification

Based on the screening comparisons described in Section 7 of this RFI and presented in
Table 10.6.7, COPCs identified in surface soil include Aroclor-1260, benzo(a)pyrene equivalents,
arsenic, cadmium, chromium, copper, lead, and mercury. Wilcoxon rank sum test analyses did
not result in the inclusion of any parameter that had been screened out on the basis of background

concentration.

No groundwater samples were collected; however, the site lies within the monitoring well grid for
adjacent AOC 609.

10.6.5.3 Exposure Assessment

Exposure Setting

AOC 611 is in an industrial setting on the former naval base, near the western boundary of the
installation. At least half of the site is covered with asphalt, which would prevent direct contact
with soil and would inhibit migration of potential contaminants to groundwater or air. All potable
water is provided through the city’s water supply. Groundwater is not currently nor anticipated

to be used in the future as potable or process water.

Potentially Exposed Populations

Potentially exposed populations are current and future sitc workers. Additional potentially
exposed populations are hypothetical future site residents. Future site resident and worker
exposure scenarios were addressed gquantitatively in this risk assessment. Current exposure to
workers is discussed qualitatively in relation to the future workers and future residents. The
hypothetical future site worker scenario assumed continuous exposure to surface soil conditions.
Current site workers' exposure would be less than that assumed for the hypothetical future site
worker scenario because of their limited soil contact (much of the area is paved). Therefore,

future worker assessment is considered to be conservatively representative of current site users.
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Table 10.6.7

Chemicals Present in Site Samples

AOC 611 - Surface Soil
NAVBASE - Charleston
Charleston, South Carolina

Frequency Range Average Range creening Concentration Number
of of Detected of Exceeding
Parameter Detection Detection Conc. SQL RBC Reference | Units |RBC Ref.
PCBs
Aroclor-1260 * i 1 370 370 370 NA NA 320 NA| UG/KG I
Carcinogenic PAHs
IB(a)P Equiv. . 4 7| 4945 43176 1152]450.645 473.755 88 NA| UG/KG 3
Benzofa)anthracene  * 3 7 575 1900 683 185 205 880 NA| UG/KG 1
Benzo(b)fluoranthene * 3 7 49 3500 1211 195 205 880 NA| UG/KG 1
Chrysene 4 7 45 3600 972 195 205 88000 NA| UG/KG
Dibenz(ah)anthracene * 2 7 58 600 329 185 205 38 NA| UG/KG 1
Indeno(1,2,3-cd)pyrene * 3 7 81.5 1400 534 185 205 880 NA| UG/KG 1
Benzo(k)fluoranthene 3 7 85.5 3400 1222 185 205 8800 NA| UG/KG
Benzo(a)pyrene . 3 7 70 3000 1060 185 205 88 NA| UGKG 2
TCDD Equivalents
Dioxin Equiv. 1 1} 11.2665 11.2665 11.3 NA NA 1000 NA| NG/KKG
1234678-HpCDD 1 1 243 243 243 NA NA NA NAl NG/KG
1234678-HpCDF 1 1 15.8 15.8 15.8 NA NA NA NA| NG/KG
123678-HxCDD 1 1 252 252 2.52 NA NA NA NA| NG/KG
123678-HxCDF 1 1 434 434 434 NA NA NA NA{ NG/KG
234678-HxCDF | 1 12.5 12.5 12.5 NA NA NA NA| NG/KG
123478-HxCDF 1 1 30.8 30.8 30.8 NA NA NA NA| NG/KG
OCDD 1 1 125 125 125 NA NA NA NA| NGKG
OCDF 1 1 23.5 23.5 23.5 NA NA NA NA| NG/KG
12378-PeCDD 1 1 5.15 5.15 5.15 NA NA NA NA| NG/KG
23478-PeCDF l 1 5.6 5.6 5.60 NA NA NA NA| NG/KG
12378-PecCDF 1 1 6.52 6.52 6.52 NA NA NA NA| NG/KG
Inorganics
Aluminum (Al} 7 7 6100 14300 10229 NA NA 7800 18500 MG/KG 5
Antimony (Sb) 3 7 0.8 225 1.52] 0.175 0.7 3.1 0.79| MG/KG 3
Arsenic (As) * 7 7 53 145 279 NA NA 0.43 19.5| MG/KG 7 1
Barium (Ba) 7 7 1.1 177 63.8 NA NA 550 61.5| MG/KG 2
Beryllium (Be) 7 7 0.21 0.49 0.37 NA NA 0.15 1.05} MG/KG 7
Cadmium (Cd}) * 4 7 0.24 49 1.88] 0.025 0.025 39 0.26] MG/KG 1 3
Calcium (Ca) N 7 7 802 11900 4568 NA NA NA NA| MG/KKG
(Chromium (Cr) . 7 7 14.8 614 273 NA NA 39 34.8] MG/KG 1 1
Cabalt (Co) 7 7 1.6 13.1 4.41 NA NA 470 15.1} MG/KG
Copper (Cu) f 7 71 o094 146 135 NA NA 310 482|MGKG| 1 3
Cyanide (CN) 1 1 0.16 0.16 0.16 NA NA 160 0.29| MG/KG
Iron (Fe) N 7 7 8720 17600 13839 NA NA NA NA| MG/KG
Iead (Pb) . 7 7 7.1  566.5 201 NA NA 400 180 MG/KG 2 3
Magnesium (Mg) N 7 7 732 1260 936 NA NA NA NA| MG/KG
Manganese (Mn) 7 7 29 124 64.3 NA NA 180 307| MG/KG




Table 10.6.7

Chemicals Present in Site Samples

AOQC 611 - Surface Soil
NAVBASE - Charleston
Charleston, South Carolina

Frequency Range Average Range creening Concentration Number

of of Detected of Exceeding

Parameter Detection Detection Conc. SQL RBC Reference | Units |RBC Ref.

ercury (Hg) . 6 7 0.07 16.7 4.07 0.02 0.02 2.3 0.62| MG/KG 2 5

ickel (Ni) 7 7 29 14035 256 NA NA 160 12.6] MG/KG 1
Potassium (K} N 6 7 322 594 432 119 119 NA NA| MG/KG
Selenium (Se) 7 7 0.39 I 0.65 NA NA 39 1.15| MG/KG
Silver (Ag) 1 7 1.7 1.7 1.70{ 0.105 0.115 39 1.85| MG/KG
Sodium (Na) N 3 7 238 245 242 62.5 186 NA NA| MG/KG
Thallium (T1) 1 7 0.51 0.51 0.51 0.19 0.21 0.63 NA| MG/KG
Vanadium (V) 7 7 204 29.2 25.1 NA NA 55 48.9] MG/KG

Zinc (Zn) 7 7 10.9 1100 238 NA NA 2300 198| MG/KG 2

Pesticides
igamma-Chlordane 1 1 7.6 7.6 7.60 NA NA 490 NA| UG/KG
Dieldrin i i 20 20 20.0 NA NA 40 NA} UG/KG
Semivolatile Organics
Acenaphthylene 2 7 50.5 720 385 185 205 310000 NA| UG/KG
Anthracene 3 7 445 540 213 185 205} 2300000 NA} UG/KG
Benzo(g,h,i)perylene 4 7 44 1400 434 185 195 310000 NA| UG/KG
Benzoic acid 2 7 61 110 85.5 900  1000| 31000000 NA| UG/KG
Di-n-butylphthalate 1 7 65 65 65.0 185 205 780000 NA| UG/KG
Di-n-octyl phthalate 2 7 54 240 147 185 195 160000 NA| UGKG
Fluoranthene 4 7 50 1600 49] 195 205 310000 NA| UG/KG
2-MethyInaphthalene 1 7 88.5 88.5 88.5 185 205 310000 NA| UGKG
aphthalene 1 7 62.5 62.5 62.5 185 205 310000 NA| UG/KG
Phenanthrene 3 7 71 140 99.3 185 205 310000 NA| UG/KG
Pyrene 4 7 41 4100 1103 195 205 230000 NA| UG/KG
Volatile Organics

Ethylbenzene 1 5 16 16 16.0 3 3 780000 NA! UG/KG
oluene ! 5 3 3 3.00 3 3| 1600000 NA| UG/KG
Xylene (Total) 2 5 2 100 51.0 k! 3| 16000000 NA| UG/KG

* - Identified as a COPC
N - Essential nutrient

UG/KG - microgram per kilogram
MG/KG - milligram per kilogram
NG/KG - nanogram per kilogram

SQL - Sampte quantitation
NA - Not applicable

limit
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The future site resident scenario was built on the premise that existing buildings would be removed

and replaced with dwellings.

Exposure Pathways

Exposure pathways for the hypothetical future site residents are dermal contact and incidental
ingestion of surface soils. The exposure pathways for current and future site workers use are the
same as those for the future site resident with respect to soil. Uniform exposure was assumed for
all sample locations. Table 10.6.8 presents the justification for exposure pathways assessed in this
HHRA.

Table 10.6.8
Exposure Pathways Summary — AQOC 611
NAVBASE — Zone F
Charleston, South Carolina

Potentially Exposed Medium and Exposure Pathway Selected

Pogulation Pathwag for Evaluation? Reason for Selection or Exclusion
Current Land Uses
%m_m
Current Site =~ Air, Inhalation of gaseous No Fate and transport screening did not identify
Users/Maintenance ~ contaminants emanating any COPCs-for this indirect exposure
from soil pathway.
Air, Inhalation of No Lintle surface soil is exposed at AOC 611,
chemicals entrained in inhibiting fugitive dust generation,
fugitive dust Therefore, this exposure pathway was
considered insignificant compared to the
other pathways. N
Shallow groundwater, No Shallow groundwater is not curyently used
Ingestion of contaminants - as a source of potable or non-residential
-during potable or general water at AOC 611.
use
Shallow groundwater, No Shailow groundwater is not currently used
Inhalation of volatilized as a source of potable or non-residential
shatlow groundwater water at AQOC 611.
contaminants
Soil, Incidental ingestion No (Qualified).  Future land use assessment is considered to
: . . be representative of current receptors.
Soil, Dermal contact No (Qualified) Future land use assessment is considered to

be representative of current receptors.
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Table 10.6.8
Exposure Pathways Summary — AOC 611
NAVBASE — Zone F
Charleston, South Carolina
Potentially Exposed Medium and Exposure Pathway Selected
Pogulntion Pathwa; for Evaluation? Reason for Selection or Exclusion

Air, Inhalation of No Little surface soil is exposed at AOC 611,

chemicals entrained in inhibiting fugitive dust generation,

fugitive dust Therefore, this exposure pathway was
considered insignificant compared to the
other pathways.

i -:gz ¥ Jv.m«)«ww«z,< -
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Shallow groundwater, No Fate and transport screening did not identify
Inhalation of volatilized any COPCs for this pathway.
contaminants during
- domesnc use '
ol Incndmtal mgesuon Yes  COPCs were identified subsequem to risk-
o compmsons :
Soil, Dermal contact Yes COPCs were identified subsequent to risk-
based and background screening
T comparisons. |
Wild game or domestic No Hmmng[takmg of gnmc andlnr mnng
animals, Ingestion of tissue livestock.is prohibited within the
impacted by media. Charleston, South Carolina, city limits.
contamination ‘
Fruits and vegetables, No The potential for significant exposure via
Ingestion of plant tissues this pathway is low relative to that of other
grown in media £Xposure gthwags assessed.

Exposure Point Concentrations
Since less than ten samples were collected in surface soil, maximum detected concentrations were

used EPCs, as discussed in Section 7 of this RFI.
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Quantification of Exposure
CDIs for ingestion and dermal contact with surface soils are shown in Tables 10.6.9 and 10.6.10,

respectively.

10.6.5.4 Toxicity Assessment

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.6.11
presents toxicological information specific to COPCs identified at AOC 611. This information
was used in the quantification of risk/hazard associated with surface soil contaminants. Brief

toxicological profiles for COPCs are provided below:

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed
humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular
effects (Klaassen et al., 1986). USEPA set 0.3 ug/kg-day as the RfD for arsenic based on a
NOAEL of 0.8 ug/kg-day in a human exposure study. Arsenic's effects on the nervous and
cardiovascular systems are primarily associated with acute exposure to higher concentrations.
Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhaling
these materials can lead to increased lung cancer risk, and ingestion is associated with increased
skin cancer rates. Arsenic has been classified as a group A carcinogen by USEPA, which set the
1.5 (mg/kg-day)"’ SF for arsenic. As listed in IRIS, the classification is based on sufficient
evidence from human data. An increased lung cancer mortality was observed in multipie human
populations exposed primarily through inhalation. Also, increased mortality from multiple internal
organ cancers (liver, kidney, lung, and bladder) and an increased incidence of skin cancer were
observed in populations consuming drinking water high in inorganic arsenic. Human milk
contains about 3 g/l of arsenic. As listed in IRIS, the critical effect of this chemical is
hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor

was 3 and the modifying factor was 1.
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Table 10.6.9
Chronic Daily Intakes (CDI)

Incidental Ingestion of Surface Soil

AOCeil1

Naval Base Charleston, Zone F

Charleston, South Carolina

Fraction Exposure Future Future Future Future Future
Ingested from Point Resident adult Resident child Resident lwa| Worker adult Worker adult
Contaminated Concentration H-CDI H-CD1 C-CDI H-CDI C-CD1
Chemical Source * (mg/kg) | (mg/kg-day) (mp/kg-day) (mg/kg-day)| (mg/kg-day) (mg/kg-day)
Inorganics
Arsenic (As) 1 145 2.0E-04 1.9E-03 2.3E-04 7.1E-05 2.5E-05
Cadmium (Cd) H 49 6.7E-06 6.3E-05 71.7E-06 2.4E-06 8.6E-07
Chromium (Cr) 1 61.4 8.4E-05 7.9E-04 9.6E-05 3.0E-05 1.1E-05
Copper (Cu) 1 746.0 1.0E-03 9.5E-03 1.2E-03 3.6E-04 1.3E-04
Lead (Pb) 1 566.5 NA NA NA NA NA
Mercury (Hg) 1 16.7 2.3E-05 2.1E-04 2.6E-05 8.2E-06 2.9E-06
Semivolatile Organics
Benzo(a)pyrene equivalents 1 4.3 5.9E-06 5.5E-05 6.8E-06 2.1E-06 7.5E-07
PCBs
Aroclor-1260 1 0.37 5.1E-07 4.7E-06 5.8E-07 1.8E-07 6.5E-08

NOTES:
lwa

CDI
H-CD1
C-CDI

»

Lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B
Chronic Daily Intake in mg/kg-day

CDI for hazard quotient
CDI for excess cancer risk

Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.6.10

Chronic Daily Intakes (CDI)
Dermal Contact with Surface Soil
AOC 611

Naval Base Charleston, Zone F
Charleston, South Carolina

Exposure Dermal Future Future Future Future Future
Point Absorption {Resident adult Resident child Resident Iwa{ Worker adult Worker adult
Concentration ~ Factor H-CDI H-CDI C-CbhI H-CDI C-CDI
Chemical FI/FC* (mg/kg) (unitless) | (mg/kg-day) (mg/kg-day) (mg/kg-day)| (mg/kg-day) (mg/kg-day)
Inorganics
Arsenic (As) 1 145 0.001 8.1E-06 2.7E-05 5.1E-06 5.8E-06 2.1E-06
Cadmium (Cd) 1 49 0.001 2.8E-07 9.1E-07 1.7E-07 2.0E-07 7.0E-08
Chromium (Cr) 1 61.4 0.001 3.4E-06 1.1E-05 2.2E-06 2.5E-06 8.8E-07
Copper (Cu) 1 746.0 0.001 4.2E-05 1.4E-04 2.6E-05 3.0E-05 1.1E-05
Lead (Pb) 1 566.5 0.001 NA NA NA NA NA
Mercury (Hg) 1 16.7 0.001 9.4E-07 3.1E-06 5.9E-07 6.7E-07 2.4E-07
Semivolatile Organics
Benzo(a)pyrene equivalents 1 43 0.01 2.4E-06 8.0E-06 1.5E-06 1.7E-06 6.2E-07
PCBs

Aroclor-1260 1 0.4 0.01 2.1E-07 6.9E-07 1.3E-07 1.5E-07 5.3E-08
NOTES:
CDI Chronic Daily Intake in mg/kg-day
H-CDI CDI for hazard quotient
C-CbI CDI for excess cancer risk
* Reflects the estimated fraction of the site impacted by the corresponding COPC.

- The dermal absorption factor was applied to the exposure point concentration

to reflect the ability for trans-dermal migration of inorganic and organic chemicals



Table 13.6.11

Toxicok ! Reference

for Chemicals of Potential Concern

ADC 611

NAVBASE Charleston, Zose F
Charieston, Sowth Carolins

Non-Carcinogenic Toriclty Dats Carcinogenic Toxicky Dets
Oral Usctrtaluty Ishalation Uncertainty Oral Slope inhalation Weight

Rafevence Deose Coulidence  Critical Effect Factor Reference Dose Confldence  Critical Effect Factor Factor Slope Factor of Tumor
selcal (mgiig-day) Laved Orat (mg/ug-day) Levd Inhalstion (hg-day/mg) (kg-dsy/mg) Evidence Type
enic 0.0003 M hyperpigmentation 3 NA NA NA NA 1.5 151 ] A various
20(z)pyrene Equivalents NA NA NA NA NA NA NA NA 13 6.1 c B2 nutsgen
imivm (food) 0.001 H proteinuris 10 NA NA NA NA NA 63 2 Bl lung
mium (water) 0.000% H prowitucia 10 NA NA NA NA NA 6.3 [ ] Bl lung
omium (1] 1 L NA 100/10 NA NA NA NA NA Q ] D NA
ofitm VI 0.005 L NA 500 NA NA NA NA NA Lv ] A lung
per [(Xeippl NA NA NA NA NA NA NA NA NA D NA
d NA NA NA NA NA NA NA NA NA NA B2 various
oury 0.0003 M hand tremor and memory distuirbances 3 NA NA NA NA NA NA D NA
| Araclor-1260 {soil) NA NA NA NA NA NA NA NA 2 NA B2 hepatocellular carcinoma
} Aroclot-1260 {(wakt) NA NA NA NA NA NA NA NA 0.4 NA B2 hepasocellular carcinoma

ch

= Integrated Risk {nformation Systern (IRIS)

= Health Effects Assetiment Summary Tables (HEAST)
= Withdrawn from IRIS/HEAST
= Not applicsblie or not availsble

= High confidence
= Low confidence

= Madium confidence
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Cadmium can upset the stomach, leading to vomiting and diarrhea in acute exposure; acute
inhalation of cadmium-containing dust can irritate the lungs. Chronic exposure to cadmium, either
via inhalation or ingestion, has been shown to cause kidney damage (including kidney stones),
emphysema, and high blood pressure. Other tissues reportedly injured by cadmium exposure in
animals and humans include the lungs, testes, liver, immune system, blood, and the nervous
system (Klaassen et al., 1986). An oral RfD of 0.001 (mg/kg-day) has been determined by
USEPA, based on human studies (food) involving chronic exposure in which significant increased
protein was found in the urine. A separate oral RfD for water has been determined by USEPA
to be 0.0005 mg/kg-day. For inhalation exposure, cadmium has been classified by USEPA as a
group B1, or probable human carcinogen, based on limited evidence from epidemiological studies
in which an excess risk of lung cancer was observed in cadmium smelter workers. As listed in
IRIS, the classification is based on limited evidence from occupational epidemiologic studies
consistent across investigations and study populations. There is sufficient evidence of
carcinogenicity in rats and mice by inhalation and intramuscular and subcutaneous injection.
Seven rat and mice studies where cadmium salts (acetate, sulfate, chloride) were administered
orally have shown no evidence of carcinogenic response. There is sufficient evidence of increased
risk of lung cancer in rats and mice exposed to cadmium via inhalation. Seven studies in which
cadmium was administered orally to rats and mice have shown no evidence of carcinogenic
response following exposure via this route. As listed in IRIS, the critical effect of this chemical

in water is significant proteinuria. The uncertainty factor was 10 and the modifying factor was 1.

Chromium exists in two stable, natural forms: trivalent (IIT) and hexavalent (VI). Acute exposure
to chromium can result in kidney damage following oral exposure or damage to the nasal mucosa
and septum following inhalation exposure. Chronic inhalation exposure to hexavalent chromium
has resulted in kidney and respiratory tract damage, as well as excess lung cancer in both animals
and humans following occupational exposure. Only hexavalent chromium is believed to be

carcinogenic by inhalation (IRIS, 1995). Oral RfD values for both forms of chromium are 1.0 and

10.6.49

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26



Zone F RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 — Site-Specific Evaluations
Revision: 0

5E-03 (mg/kg-day). For trivalent chromium, the RfD is based on liver toxicity in the rat. For
the hexavalent form, the RfD is based on unspecified pathological changes observed in rat studies.
In addition, hexavalent chromium is considered a group A carcinogen for inhalation exposures,
and a SFo of 42 (mg/kg-day)"’ has been established for the hexavalent form. Vitamin supplements
contain approximately 0.025 mg of chromium. As listed in IRIS, no critical effects were observed
for chromium (IIT). The uncertainty factor was 100 and the modifying factor was 10. As listed
in IRIS, no critical effects were observed for chromium (VI). The uncertainty factor was 500 and

the modifying factor was 1.

Copper is a nutritionally essential element, necessary for many of the body's enzymes. In the
past, lead pipes and solder were used for residential water pipes, and resulting lead concentrations
in drinking water exceeded USEPA guidelines. Copper has been used to replace water pipes in
residences due to its lower toxicity to man. Short-term exposure to copper can result in anemia
(the lack of iron), the breakdown of red blood cells, and liver and kidney lesions. The target
organs for copper are the liver, kidney, and red blood cell. Vitamin C reduces copper uptake from
the gut, and other substances can also influence copper uptake. Copper fumes can cause metal
fume fever (Klaassen et al., 1986). As listed in IRIS, the D classification is based on no human
data, inadequate animal data from assays of copper compounds, and equivocal mutagenicity data.
The USEPA RfD is 0.0371 mg/kg-day, which is 2.6 mg/day for the average adult (70 kg). In
typical vitamin supplements, 2 mg/day is the approximate dose (NRC, 1989).

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RfD or
SF has been set by USEPA. However, an action level for soil protective of child residents has
been proposed by USEPA Region IV: 400 mg/kg. USEPA's Office of Water has established a
treatment technique action level of 15 pg/L. As listed in IRIS, the classification is base on
sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble
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lead salts. Animal assays provide reproducible results in several laboratories, in multipie rat
strains with some evidence of multiple tumor sites. Short-term studies show that lead affects gene
expression. Human evidence is inadequate. An RfD and SF have not been set because of the
confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been
observed in the CNS, blood, and mental development of children. RfDs are based on the
assumption that a threshold must be exceeded to result in toxic effects (other than carcinogenicity).
Once lead accumulates in the body, other influences cause the actual levels in the blood to
fluctuate — sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an
exposed individual has previously been exposed to lead, this individual could lose weight and set
fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the

reasons lead effects are difficult to predict (Klaassen et al., 1986).

Mercury occurs in three forms: elemental, organic, and inorganic. The major source of this
element is the degassing of the earth's crust. Target organs of inorganic mercury include the
kidney, nervous system, fetus, and neonate. In other words, this inorganic can be toxic to a fetus
if the mother is exposed during pregnancy. Mercury is toxic to all cells in the body — it binds to
enzymes in the cells and disrupts their function, usually causing the cell to be useless or die.
Because this inorganic is concentrated in the kidney prior to excretion, the kidney is a major target
organ for mercury ingestion. The primary target of mercury vapor is the brain. Some forms of
mercury are drawn towards fats in the body (such as the nervous system), where the form is
changed into its toxic form. This causes the nervous disorder known as Minimata disease,
overexposure to mercury through ingestion of contaminated fish. The fish ingested inorganic
mercury from an industrial discharge, and the inorganic form was metabolized to organic mercury.
USEPA set mercury's RfD to 0.0003 mg/kg-day (inorganic form). Mercury is liquid at room
temperature, and is poorly absorbed in this form if ingested. Typical daily exposure is less than

1 ug/L-day (Klaassen, et al., 1986) (Dreisbach, et al., 1987).
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Benzo(a)pyrene equivalents include the following list of PAHs:

Benzo(a)anthracene TEF 0.1
Benzo(b)fluoranthene TEF 0.1
Dibenz(a,h)anthracene TEF 1.0
Benzo(k)fluoranthene TEF 0.01
Benzo(a)pyrene TEF 1.0
Indeno(1,2,3-cd)pyrene TEF 0.1
Chrysene TEF 0.001

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs
above have not been well established. There are no RfDs for the PAHs above due to a lack of
data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity
is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kg-day)'. TEFs, also
set by USEPA, are multipliers that are applied to the detected concentrations, which are
subsequently used to calculate excess cancer risk. These multipliers are discussed further in the
exposure and toxicity assessment sections. Most carcinogenic PAHs have been classified as such
due to animal studies using large doses of purified PAHs. There is some doubt as to the validity
of these listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs
are carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal
tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the benzo{a)pyrene B2
classification is human data specifically linking benzo(a)pyrene to a carcinogenic effect are
lacking. There are, however, multiple animal studies in many species demonstrating

benzo(a)pyrene to be carcinogenic by numerous routes.

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992
CRAVE Work Group meeting, a revised risk estimate for benzo(a)pyrene was verified (see

Additional Comments for Oral Exposure). This section provides information on three aspects of
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the carcinogenic risk assessment for the agent in question: the USEPA classification and
quantitative estimates of exposure. The classification reflects a weight-of-evidence judgment of
the likelihood that the agent is a human carcinogen. The quantitative risk estimates are presented
in application of a low-dose extrapolation procedure and presented as the risk per (mg/kg)-day.
The unit risk is the guantitative estimate in terms of either risk per ng/L drinking water or risk per
pg/m® air breathed. The third form in which risk is presented is drinking water or air
concentration providing cancer risks of 1 in 10,000 or 1 in 1,000,000. The Carcinogenicity
Background Document provides details on the carcinogenicity values found in IRIS. Users are
referred to the Oral Reference Dose and Reference Concentration sections for information on long-

term toxic effects other than carcinogenicity.

As listed in IRIS, the basis for the dibenz{a,h)anthracene and benzo(b)fluoranthene B2
classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene
produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and
skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human
data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice
exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical
application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and
transformed mammalian cells in culture. As listed in IRIS the basis for the benzo(k)fluoranthene
B2 classification is no human data and sufficient data from animal bioassays.
Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with
a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria. (Klaassen, et al., 1986).

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260)
that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels,
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rashes and chioracne, and decreased birth weight of infants in heavily exposed worker/mothers.
Of the effects listed above, the liver is the primary target organ (Klaassen, et al., 1986; Dreisbach,
et al., 1987). USEPA classified PCB Aroclors as group B2 probable human carcinogens,
primarily based on animal data. Oral ingestion of PCBs causes liver and stomach tumors in rat
studies. The cancer potency of PCB mixtures is determined using a tiered approach. The high risk
and persistence tier uses an upper-bound slope factor of 2.0 (mg/kg-day)' and is appropriate for
food chain exposures, sediment and soil ingestion, dust or aerosol inhalation, and dermal
exposure. The low risk and persistence tier uses an upper-bound slope factor of 0.4 (mg/kg-day)'
and is appropriate for ingestion of water soluble congeners and inhalation of evaporated congeners.
The lowest risk and persistence tier uses an upper-bound slope factor of 0.07 (mg/kg-day}' and
is appropriate for PCB congener mixtures with congeners having more than four chlorines

comprising less than 1/2% of the mixture.

10.6.5.5 Risk Characterization

Surface Soil Pathways

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker)
scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways
were evaluated. Hazard was computed separately to address child and adult exposure.
Tables 10.6.12 and 10.6.13 present the computed HQs associated with the incidental ingestion of

and dermal contact with site surface soils, respectively.

Hypothetical Site Residents

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 611 surface
soils is 4E-04. The dermal pathway ILCR is 6E-05. Arsenic was the primary contributor to ILCR
projections for the ingestion and dermal pathways. Benzo(a)pyrene equivalents and Aroclor-1260

were secondary contributors.
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Table 10.6.12

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

AOC 611

Naval Base Charleston, Zone F

Charleston, South Carolina

Oral RfD Oral SF Future Future Future Future Future
Used Used Resident Adult Resident Child Resident Iwa| Worker Adult Worker Adult
Chemical (mg/kg-day) (mg/kg-day)-1 | Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Inorganics
Arsenic (As) 0.0003 1.5 0.66 6.2 3.4E-04 0.24 3.8E-05
Cadmium (Cd) 0.001 NA 0.0067 0.063 ND 0.0024 ND
Chromium (Cr) 0.005 NA 0.017 0.16 ND 0.0060 ND
Copper (Cu) 0.04 NA 0.026 024 ND 0.0091 ND
Lead (Pb) NA NA ND ND ND ND ND
Mercury (Hg) 0.0003 NA 0.076 0.71 ND 0.027 ND
Semivolatile Organics
Benzo(a)pyrene equivalents NA 7.3 ND ND 4 9E-05 ND 5.5E-06
PCBs
Aroclor-1260 NA 2 ND ND 1.2E-06 ND 1.3E-07
[SUM Hazard [ndex/ILCR 0.8 7 4E-04 0.3 4E-05 |
NOTES:
NA Not available
ND Not Determined due to lack of available information
Iwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime Cancer Risk



Table 10.6.13

Hazard Quotients and Incremental Lifetime Cancer Risks

Dermal Contact With Surface Soil

AOC 611

Naval Base Charleston, Zone F

Charleston, South Carolina

Oral RfD QOral SF Future Future Future Future Future
Dermal Used Used Resident Adult Resident Child Resident lwa| Worker Adult Worker Adult
Chemical Adjustment (mg/kg-day) (mg/kg-day)-1 | Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Inorganics T
Arsenic (As) 0.2 6E-05 7.5 0.14 0.45 3.8E-05 0.097 1.6E-05
Cadmium {Cd) 0.2 0.0002 NA 0.0014 0.0045 ND 0.00098 ND
Chromium (Cr) 0.2 0.001 NA 0.0034 0.011 ND 0.0025 ND
Copper (Cu) 0.2 0.008 NA 0.0052 0.017 ND 0.0037 ND
Lead (Pb) 02 NA NA ND ND ND ND ND
Mercury (Hg) 0.2 6E-05 NA 0.016 0.052 ND 0.011 ND
Semivolatile Organics
Benzo(a)pyrene equivalents 0.5 NA 14.6 ND ND 2.2E-05 ND 5.0E-06
PCBs ‘
Aroclor-1260 0.5 NA 4 ND ND 5.2E-07 ND 2.1E-07
[SUM Hazard Index/ILCR 0.2 0.5 6E-05 0.1 2E-05 |
NOTES:
NA Not available
ND Not Determined due to lack of available information
Iwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR [ncremental Lifetime Cancer Risk

Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based

on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI)
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The computed hazard indices for the adult resident were 0.8 for the soil ingestion pathway and 0.2
for the dermal contact pathway. The computed hazard indices for the child ingestion and dermal
contact pathways were 7 and 0.5, respectively. Arsenic was the primary contributor to HI
projections for the ingestion and dermal pathways. Cadmium, chromium, copper, and mercury

were secondary contributors.

Hypothetical Site Workers
Site worker ILCRs are 4E-0S for the ingestion pathway and 2E-05 for the dermal contact pathway.
Arsenic was the primary contributor to ILCR projections, while benzo(a)pyrene equivalents and

Aroclor-1260 were secondary contributors.

HIs for the ingestion and dermal pathways were projected to be 0.3 and 0.1 for the hypothetical
site worker scenario, respectively. Arsenic was the primary contributor to HI projections for the
ingestion and dermal pathways. Cadmium, chromium, copper, and mercury were secondary

contributors.

COCs Identified

COCs were identified based on cumulative (all pathway) risk and hazard projected for this site on
a medium-specific basis. USEPA has established a generally acceptable risk range of 1E-04 to
1E-06, and a HI threshold of 1.0 (unity). As recommended by SCDHEC, a COC was considered
to be any chemical contributing to a curnulative risk level of 1E-06 or greater and/or a cumulative
hazard index above 1.0, and whose individual ILCR exceeds 1E-06 or whose hazard quotient
exceeds 0.1. For carcinogens, this approach is relatively conservative, because a cumulative risk
level of 1E-04 (and individual ILCR of 1E-06) is recommended by USEPA Region 1V as the
trigger for establishing COCs. The COC selection method presented was used to provide a more

comprehensive evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic hazard
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during the remedial goal options development process. Table 10.6.14 presents the COCs
identified for AOC 611 surface soil.

Future Site Residents
Arsenic, BEQs and Aroclor-1260 were identified as soil pathway COCs based on their

contribution to cumulative residential ILCR projections.

Arsenic, chromium, copper, and mercury were identified as soil pathway COCs based on their

contribution to cumulative residential HI projections.

Future Site Workers
Arsenic and BEQs were identified as soil pathway COCs based on their contribution to cumulative

industrial ILCR projections.
No hazard-based COCs were identified for the site worker scenario at AOC 611.

The extent of the COCs identified in surface soil is briefly discussed below. Residential soil RBCs

and background concentrations were compared to each reported COC concentration.

Arsenic exceeded its RBC (0.43 mg/kg) in all seven surface soil samples; however, arsenic only
exceeded its background value (19.9 mg/kg) in one surface soil sample (611SB002) with a
concentration of 145 mg/kg. BEQs exceeded their RBC (88 .:g/kg) in three of seven surface soil
samples. Chromium exceeded its RBC (39 mg/kg) and its background value (34.8 mg/kg) in one
of seven surface soil samples (611SB003) with a concentration of 61.4 mg/kg. Copper exceeded
its RBC (310 mg/kg) in one of seven surface soil samples (611SB002) with a concentration of
746 mg/kg. Copper also exceed its background value (48.2 mg/kg) in two additional surface soil
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T= 514

S .y of Risk and Hazard-based COCs

AOC611

Naval Base Charleston, Zone F

Charleston, South Carolina

Future Future Future
Exposure Resident Adult Resident Child Resident lwa Future Site Worker Identification
Medium Pathway Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR |of COCs
Surface Soil Incidental Inorganics
Ingestion Arsenic (As) 0.66 6.2 14E-04 024 I8E-0511 2 4
Cadmium (Cd) 0.0067 0.063 ND 0.0024 ND
Chromium (Cr) 0.017 0.16 ND 0.0060 ND| 1
Copper (Cu) 0.026 0.24 ND 0.0091 ND| 1
Lead (Pb) ND ND ND ND ND
Mercury (Hg) 0.076 on ND 0.027 ND| 1
Semivolatile Organics
Benzo(a)pyrene equivalents ND ND 4.9E-05 ND  5.SE-06 2 4
PCBs
Aroclor-1260 ND ND 1.2E-06 ND  1.3E-07 2
Dermal Inorganics
Arsenic (As) 0.14 045 3.8E-05 0.097 1.6E-05|1 2 4
Cadmium (Cd) 0.0014 0.0045 ND 0.00098 ND
Chromium (Cr) 0.0034 0.011 ND 0.0025 ND
Copper (Cu) 0.0052 0.017 ND 0.0037 ND
Lead (Pb) ND ND ND ND ND
Mercury (Hg) 0.016 0.052 ND 0.011 ND
Semivolatile Organics
Benzo(a)pyrene equivalents ND ND 2.2E-05 ND  9.0E-06 2 4
PCBs
Aroclor-1260 ND ND 52E-07 ND  2.1E-07
Surface Soil Pathway Sum 09 8 SE-04 04 TE-05

Notes:

ND indicates not determined due to the lack of available risk information.
ILCR indicates incremental excess lifetime cancer risk

HI indicates hazard index

1- Chemical is a COC by virtue of projected child residence noncarcinogenic hazard.
2- Chemical is a COC by virtue of projected future resident lifetime ILCR.
3- Chemical is a COC by virtue of projected site worker noncarcinogenic hazard.

4- Chemical is s COC by virtue of projected site worker ILCR
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samples (611SB006 and 611SB007). Mercury exceeded its RBC (2.3 mg/kg) in two of seven
surface soil samples (611SB001 and 611SB002). Mercury also exceeded its background value
(0.62 mg/kg) in three additional surface soil samples (611SB005, 611SB006, and 611SB007).
Aroclor-1260 exceeded its RBC (320 ng/kg) in the single duplicate surface soil sample analyzed
for PCBs (611SB007) with a concentration of 370 .g/kg.

Lead

Lead exceeded its residential screening value (400 mg/kg) in two of seven surface soil samples
(611SB002 and 611SB007), and exceeded its background value (180 mg/kg) in one additional
surface soil sample (611SB006). Since neither a RfD nor a SF has been determined for lead by
USEPA, it cannot be quantified in the risk assessment. However, AOC 611 is relatively small in
area, and the mean lead concentration for the site is 201 mg/kg, which is below its residential
screening value. Sample designations 611SB002, 611SB006, and 611SB007 are in the northeast
portion of AOC 611. The mean lead concentration from 611SB002, 611SB006, and 611SB007

is 425 mg/kg, which slightly exceeds the residential screening value for lead.

10.6.5.6 Risk Uncertainty

Characterization of Exposure Setting and Identification of Exposure Pathways

The potential for high bias is introduced through the exposure setting and pathway selection due
to the highly conservative assumptions (i.e., future residential use) recommended by USEPA
Region IV when assessing potential future and current exposure. The exposure assumptions made

in the site worker scenario are highly protective and would tend to overestimate exposure.,

Residential use of the site would not be expected, based on current site uses and the nature of
surrounding buildings. Current reuse plans call for continued commercial/industrial use of
Zone F. If this area were used as a residential site, the surface coverings and other structures

would be demolished, and the surface soil conditions would likely change — the soils could be
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covered with landscaping soil and/or a house. Consequently, exposure to surface soil conditions
as represented by samples collected during the CSI would not be likely under a true future
residential scenario. These factors indicate that exposure pathways assessed in this HHRA would

generally overestimate the risk and hazard posed to current and future site workers and future site

residents.

Determination of Exposure Point Concentrations

The maximum detected soil constituent concentrations were used as the EPCs for this site. Use
of maximum detected concentrations represent conservative assumptions when applied as the EPC,
such that it is unlikely for the maximum detected concentration to be representative of all soil
constituents throughout the site. However, the lack of delineation leaves the possibility that the
maximum detected concentration does not equal the maximum present concentration; therefore

underestimating actual concentrations.

Frequency of Detection and Spatial Distribution

BEQs were detected in four of seven surface soil samples. Aroclor-1260 was detected in the
single duplicate surface soil sample analyzed for PCBs. Arsenic, chromium, copper, and lead
were detected in all seven surface soil samples. Cadmium was detected in four of seven surface
soil samples, and mercury was detected in six of seven surface soil samples. Because inorganic
COCs at AOC 611 were detected in nearly all surface soil samples, this would indicate either a
source of contamination exists onsite (detected concentrations predominantly greater than
background values), and/or that concentrations are representative of ambient conditions (detected

concentrations predominantly less than background values).

Quantification of Risk/Hazard
As indicated by the discussions above, the uncertainty inherent in the risk assessment process is

great. In addition, many site-specific factors have affected the uncertainty of this assessment that
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would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of

uncertainty are discussed below.

A conservative screening process was used to identify COPCs for AOC 611. The potential for
eliminating CPSSs with the potential for cumuiative HI greater than one was addressed for
noncarcinogens through the use of RBCs that were reduced one order of magnitude. For
carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs
in combination with the use of maximum detected concentrations minimizes the likelihood of a
significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened and
eliminated from formal assessment, manganese was reported at a concentration close to the RBC
(e.g. within 10% of their RBCs). Aluminum and beryllium were detected at maximum
concentrations exceeding their corresponding RBCs and were eliminated based on comparison to
their corresponding reference concentrations. Wilcoxon rank sum test analysis also indicated that

site concentrations of these inorganics were within background concentrations.

Background-Related Risk

Aluminum and beryllium were detected in AOC 611 surface soil above their RBCs. These
elements were eliminated from consideration in the risk assessment based on comparison to
background concentrations. It is not unusual for naturally occurring or background concentrations
of some elements to exceed risk-based concentrations. It is the risk assessment’s function to identify
excess risk and/or hazard, or that which is above background levels. The following is a discussion

of the residential scenario risk/hazard associated with background concentrations of these elements.
The maximum surface soil concentrations of aluminum (14,300 mg/kg) and beryllium (0.49 mg/kg)

for AOC 611 equate with hazard quotients of 0.2 and 0.001, respectively, for the residential child

scenario, and 0.01 and 0.00007, respectively, for the site worker scenario. The maximum surface
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soil concentration of beryllium also equates with an ILCR of 4E-06 for the residential scenario and
5E-07 for the site worker scenario; however the Zone F background surface soil concentrations

beryllium (1.05 mg/kg) equates with an [LCR of 8E-06.

10.6.5.7 Risk Summary

The risk and hazard posed by contaminants at AOC 611 were assessed for the future site worker
and the future site resident under RME assumptions. In surface soils, the incidental ingestion and
dermal contact pathways were assessed in this HHRA. Table 10.6.15 presents the risk summary
for each soil pathway/receptor group evaluated for AOC 611.

Soil — Residential Scenario

Residential soil pathway COCs identified for AOC 611 are arsenic, BEQs, chromium, copper,
mercury, and Aroclor-1260. Figure 10.6-12 illustrates point risk estimates for AOC 611 based
on soil exposure pathways under a future residential scenario. Table 10.6.16 summarizes the risk
and hazard contribution of each COPC at each sample location. This point risk map is based on
the unlikely assumption that a potential future site resident will be chronically exposed to specific
points. Exposure to surface soil conditions is more likely the result of uniform exposure to the
soil conditions of the entire site (or exposure unit area) rather than specific points. With this in
mind, risk maps supplemented by the tables are useful in that they allow the reader to visualize

how chemicals driving risk estimates are spatially distributed across the site.

Arsenic is the primary contributor to risk estimates above 1E-06 at six of seven surface soil sample
locations, and a secondary contributor at one surface soil sample location (611SB006). BEQs
were the primary contributors to risk at 611SB006, and secondary contributors to risk at three
other surface soil sample locations (611SB002, 611SB005, and 611SB007). Aroclor-1260 was
also a secondary contributor to the risk estimate at 611SB007. Risk estimates ranged from 1E-05
(611SB003) to 4E-04 (611SB002). The mean risk estimate is 8E-05.
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Table 10.6.15

Summary of Risk and Hazard
AQOC 611

Naval Base Charleston, Zone F
Charleston, South Carolina

Exposure HI HI ILCR HI ILCR
Medium Pathway (Adult) (Child) (LWA) (Worker) (Worker)
Surface Soil Incidental 0.8 7 4E-04 03 4E-05
Ingestion
Dermal Contact 0.2 0.5 6E-05 0.1 2E-05
Sum of Soil Pathways 0.9 B S5E-04 04 7E-05

Notes:
ILCR Indicates incremental lifetime cancer risk
Hi Indicates hazard index



Table 10.6.16
Point Estimates of Risk and Hazard - Soil Pathways

Residential Scenario
AOC 611
NAVBASE - Charieston

Charleston, South Carolina

Site Location Parameter Concentration  Units  Hazard Index % Hi Risk (E-068) % Risk

611 001 Arsenic (As) 79 MG/KG 0.3611 68.31 20.6348 100.00
611 001 B(a)P Equiv. ND UG/KG NA NA
611 001 Cadmium (Cd) ND MG/KG NA NA
611 001 Chromium (Cr) 20.1 MG/KG 0.0551 10.43 NA
611 001 Copper (Cu) 211 MG/KG 0.0072 1.37 NA
611 001 Lead (Pb) 19.6 MG/KG NA NA
611 001 Mercury (Hg) 2.3 MG/KG 0.1051 19.89 NA
" Total 0.5286 20.6348

611 002 Arsenic (As) 145 MG/KG 6.6276 84.90 378.7401 99.17

611 002 B(a)P Equiv. 181.15 UG/KG NA 3.1655 0.83
611 002 Cadmium (Cd) 49 MG/KG 0.0671 0.86 NA
611 002 Chromium (Cr) 33.9 MG/KG 0.0930 1.19 NA
611 002 Copper (Cu) 746 MG/KG 0.2557 .28 NA
611 002 Lead (Pb) 400 MG/KG NA NA
611 002 Mercury (Hg) 16.7 MGIKG 0.7633 9.78 NA
Total 7.8068 381.9056

611 003 Arsenic (As) 53 MGKG 0.2423 83.32 13.8436 100.00
611 003 B(a)P Equiv. ND UG/KG NA NA
611 003 Cadmium (Cd) ND MG/KG NA NA
611 003 Chromium (Cr) 17 MG/KG 0.0466 16.03 NA
611 003 Copper {Cu) 55 MG/KG 0.0019 0.65 NA
611 003 Lead (Pb) 22.9 MG/KG NA NA
611 003 Mercury (Hg) ND MG/KG NA NA
Total 0.2908 T 13.8436

611 004 Arsenic (As) 59 MG/KG 0.2697 85.94 15.4108 100.00
611 004 B(a)P Equiv. ND UG/KG NA NA
611 004 Cadmium {(Cd) ND MG/KG NA NA
611 004 Chromium (Cr) 14.8 MG/KG 0.0406 12.94 NA
611 004 Copper (Cu) 0.94 MG/KG 0.0003 0.10 NA
611 004 L.ead (Pb) 7.4 MG/KG NA NA
611 004 Mercury (Hg) 0.07 MG/KG 0.0032 1.02 NA
Total 0.3138 T 154108

611 005 Arsenic (As) 7.2 MG/KG 0.3291 56.04 18.8064 99.57

611 005 B(a)P Equiv. 4945 UG/KG NA 0.0819 0.43
611 005 Cadmium (Cd) 0.24 MG/KG 0.0033 0.56 NA



Table 10.6.16
Point Estimates of Risk and Hazard - Soil Pathways

Residential Scenario
AQC 611
NAVBASE - Charleston

Charleston, South Carolina

Site Location Parameter Concentration  Units  Hazard Index % HI Risk (E-08) % Risk
611 005 Chromium {(Cr) 61.4 MG/KG 0.1684 28.67 NA
611 005 Copper (Cu) 38.8 MGI/KG 0.0133 227 NA
611 005 Lead (Pb) 84.8 MGI/KG NA NA
611 005 Mercury (Hg) 1.6 MG/KG 0.0731 12.45 NA
Total 0.5872 18.8883
611 006 Arsenic (As) 11.5 MG/KG 0.5256 72.03 30.0380 29.58
611 006 B(a)P Equiv. 43176 UG/KG NA 71.5008 70.42
611 006 Cadmium (Cd) 092 MG/KG 0.0126 1.73 NA
611 006 Chromium (Cr) 234 MGIKG 0.0642 8.79 NA
611 006 Copper (Cu) 78.2 MG/KG 0.0268 3.67 NA
611 006 Lead (Pb) 309 MG/KG NA NA
611 006 Mercury (Hg) 22 MG/KG 0.1006 13.78 NA
Total 0.7298 ~ 1015388
611 007 Aroclor-1260 370 UGI/KG NA 1.6787 4.66
611 007 Arsenic (As) 12.55 MGIKG 0.5736 77.58 32.7806 91.05
611 007 B(a)P Equiv. 93.196 UGI/KG NA 1.5434 4.29
611 007 Cadmium (Cd) 1.45 MG/KG 0.019¢ 269 NA
611 007 Chromitm (Cr) 20.5 MG/KG 0.0562 7.60 NA
611 007 Copper (Cu) 5495 MG/KG 0.0188 2.55 NA
611 007 Lead (Pb) 566.5 MG/KG NA NA
611 007 Mercury (Hg) 1556 MG/KG 0.0708 9.58 NA
Total 0.7394 T 36.0027
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Figure 10.6-13 illustrates point estimates for hazard at AOC 611 based on soil exposure pathways
under a future residential scenario. Arsenic was the primary contributor to hazard estimates at all
seven surface soil sample locations; however, only one surface soil sample produced a HI above
unity (611SB002). Secondary contributors consisted of cadmium, chromium, copper, and mercury.
HI estimates ranged from 0.3 (611SB003) to 8 (611SB002). The mean hazard estimate is 2.

Soil — Site Worker Scenario

Arsenic and BEQs were identified as COCs for the industrial surface soil pathway. Figure 10.6 14
illustrates point risk estimates for AOC 611 based on soil exposure pathways under a future
industrial scenario. Table 10.6.17 summarizes the risk and hazard contribution of each COC at

each sample location.

Arsenic was the primary contributor to risk estimates above 1E-06 for six of seven surface soil
sample locations in the industrial scenario at AOC 611, and a secondary contributor at one surface
soil sample location (611SB006). BEQs were primary contributors to risk at 611SB006, and
secondary contributors at 611SB002, 611SB005, and 611SB007. Risk estimates ranged from 2E-
06 (611SB003) to SE-05 (611SB002). The mean risk estimate is 6E-06.

Arsenic was the sole contributor to hazard estimates at AOC 611 for the industrial scenario,

although HI did not exceed unity at any surface soil sample location. Hazard estimates ranged
from 0.01 (611SB003) to 0.3 (611SB002). The mean hazard estimate is 0.06.
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Table 10.6.17

Point Estimates of Risk and Hazard - Soil Pathways
Industrial Scenario

AOC 811

NAVBASE - Charleston
Charleston, South Carolina

Site Location Parameter Concentration Units Hazard Index % HI Risk {(E-06) % Risk
611 001 Arsenic (As) 7.9 MG/KG 0.0182 100 2.9191 100
611 001 B(a)P Equiv. ND UG/KG NA NA
Total 0.0182 2.9191
611 002 Arsenic (As) 145 MG/KG 0.3334 100 53.56785 98.81
611 002 B(a)P Equiv. 191.15 UG/KG NA 0.6436 1.19
Total 0.3334 54.2221
611 003 Arsenic (As) 5.3 MG/KG 0.0122 100 1.9584 100
611 003 B(a)P Equiv. ND UG/KG NA NA
Total 0.0122 1.9584
611 004 Arsenic (As) 5.9 MG/KG 0.0136 100 2.1801 100
611 004 B(a)P Equiv. ND UG/KG NA NA
Total 0.0136 2.1801
611 005 Arsenic (As) 7.2 MG/KG 0.0166 100 2.6605 99.38
611 005 B(a)P Equiv. 4.945 UG/KG NA 0.0167 0.62
Total 0.0166 26771
611 006 Arsenic (As) 11.5 MG/KG 0.0264 100 42493 2262
611 006 B(a)P Equiv. 4317.6 UG/IKG NA 145380 77.38
Total 0.0264 18.7873
611 007 Arsenic (As) 12.55 MG/KG 0.0289 100 46373 9366
611 007 B(a)P Equiv. 93.196 UG/KG NA 0.3138 6.34
Total 0.0289 4.9511



Zone F RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 — Site-Specific Evaluations
Revision: 0

10.6.5.8 Remedial Goal Options

Soil

RGOs for carcinogens were based on the lifetime weighted average site resident or site worker as
presented in Table 10.6.18 for surface soils. Hazard-based RGOs were calculated based on the

hypothetical child resident or site worker, as noted in the table.

10.6.6  Corrective Measures Considerations

For AOC 611, the upper and lower soil intervals were investigated. A total of 14 soil samples
from seven boring locations were collected from the upper and lower intervals. Based on the
analytical results and the human health risk assessment, COCs requiring further evaluation through
the CMS process were identified for the upper soil interval. However, residential use of the site
is not expected, based on current site uses and the nature of surrounding buildings. Current reuse

plans call for continued commercial/industrial use.

BEQs, Aroclor-1260, arsenic, chromium, copper, lead, and mercury were identified as COCs in
the upper soil interval. The soil pathway cumulative residential exposure risk is 5E-04 and the
cumulative HI is 8 (resident child). The cumulative residential exposure risk is above USEPA’s

acceptable highest risk level of 1E-04. The HI is greater than USEPA’s acceptable HI of 1.

Lead was detected in all seven surface soil samples collected at AOC 611. Soil concentrations
ranged from 7.1 to 566.5 mg/kg. Only two of seven samples exceeded the residential cleanup
level of 400 mg/kg, 611SB007 and 611SB002.

Residential risk-based RGOs for surface soil for arsenic and BEQs are 0.38 and 0.06 mg/kg,

respectively, based on a target risk of 1E-06. Hazard-based RGOs for surface soil for chromium,
copper, and mercury are 365, 2,917, and 22 mg/kg, respectively, based on a target HI of 1.
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Table 10.6.18

Remedial Goal Options for Soil

AOC 1]

Naval Base Charleston, Zone F

Charleston, South Carolina

Residential-Based Remedial Goal Options

Hazard-Based Risk-Based

Slope Reference Remedial Goal Options| Remedial Goal Options | Background

Factor Dose EPC 3 1 0.1 1E-06 1E-05 1E-04|Concentration
Chemical (mg/kg-day)-1 (mg/ke-day) mg/kg| mg/kg mg/kg mg/kg| mekg mgkg mgkg; mgkg

Inorganic
Arsenic (As) 1.5 0.0003 145.0 66 22 22 0.38 38 38 19.9
Chromium (Cr) NA 0005 614| 1094 365 36 NA NA NA 348
Copper (Cu) NA 0.04 7460 8751 2917 292 NA NA NA 482
Mercury (Hg) NA 0.0003 16.7 66 22 22 NA NA NA 0.62
Semivolatile Organics
Benzo(a)pyrene equivalents 7.3 NA 43 NA NA NA| 0060 0.60 6 NA
PCBs
Aroclor-1260 2 NA 04 NA NA NA| 0220 2.20 22 NA
Worker-Based Remedial Goal Options
Hazard-Based Risk-Based

Slope Reference Remedial Goal Options] Remedial Goal Options | Background

Factor Dose EPC 3 1 0.1{ 1E-06 1E-05 1E-04|Concentration
Chemical (mg/kg-day)-1 (mg/kg-day) mg/kg| mg/kg mg/kg mgkg| mghkg mgkg mpksl mgke

Inorganic
Arsenic (As) 1.5 0.0003 145.0] 1305 435 43 2.7 27 271 19.9
Semivolatile Organics

Benzo(a)pyrene equivalents 73 NA 4.3 NA NA NA 0.30 30 30 NA

NOTES:
EPC
NA

Exposure point concentration
Not applicable

Remedial goal options were based on the residential or site worker lifetime weighted average for
carcinogens and the child resident or site worker for noncarcinogens
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Potential corrective measures, in addition to no further action for soil and respective COCs, are

presented in Table 10.6.19. Corrective measures are described in Section 9.

Table 10.6.19
Potential Corrective Measures for AOC 611

Com@unds of Concern Potential Corrective Measures
"+l “Arsenic, chrominm; copper a), No'Action

#

““In-situ,.chemical and physical

10.6.74
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10.7 AOC 613, Old Locomotive Repair Shop, Former Building 1169; AOC 615, Old Chain
Locker, Building 1391 and SWMU 175, Crane Painting Area, Near Building 1277

Though the approved final RFI work plan called for a separate investigation for SWMU 175, these

sites were combined into one investigation due to their close proximity and their potential for

similar COPCs.

AOC 613 (a RFI site) is located at the former Building 1169, a former locomotive and crane
repair facility which operated from the 1930s until 1985, when the building was demolished.
Maintenance activities included changing oil, repairing hydraulic systems and equipment overhaul.
Materials released, stored, or disposed of at the site included oil, grease, diesel fuel, and cleaning
solvents. Numerous spills were reported, some to the storm water drainage system. In addition,
a UST at the site alledgedly contained waste oil and other waste liquids. Documentation of an
apparent removal of this UST was unavailable. Building 242, built in 1987, occupies a portion

of the site area.

AOC 615 (a CSI site) is the site of the former Building 1391, the former chain locker. Operated
from 1970 to 1977, the site was used to store and service anchor chain, Materials released,
stored, or disposed of at the site included epoxies and resins. These materials were stored in large

tanks onsite, used for dipping anchor chain sections. Epoxy and resin wastes were reportedly
stored in 55-gallon drums behind the building.

SWMU 175 (a RFI site) is the former crane painting area, situated south and west of
Building 1277. The site was used until 1993. The site consists of crane tracks and a paved
asphalt road. During previous site visits, visible evidence of former painting activities were noted.
Though no spills or releases were documented at this site, a past release was thought probable.
Materials released, stored, or disposed of at the site included blast media, paint constituents, heavy

metals, lead, acetone, xylene, and toluene.
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During 1996, the Commissioners of Public Works for the City of Charleston, SC, requested that
GEL, Inc., conduct a pre-lease evaluation of baseline environmental conditions at a 10.1 acre area
encompassing most of AOCs 613 and 615. This evaluation consisted of a modified Phase I
environmental site assessment, a subsurface soil and groundwater investigation, asbestos and
lead-based paint survey, and a facilities evaluation. The results of this investigation were reported
in the Evaluation of Baseline Environmental Conditions, Proposed CPW Lease Areas, Former
Charleston Naval Shipyard, North Charleston, South Carolina (GEL, Inc., August 8, 1996). The
evaluation identified free petroleum product in a groundwater monitoring well between AOC 613
and SWMU 175 (GELO14), as well as other groundwater organic contamination within the area
investigated. Additionally, several USTs within the area were recommended for removal/
abandonment, along with associated piping (GEL, Inc., August 8, 1996).

10.7.1 Site Geology and Hydrogeology
The DPT soil and groundwater sample locations associated with AOCs 613/615 and SWMU 175
are shown in Figure 10.7-1. Sediment and monitoring well locations associated with the

investigation are shown in Figure 10.7-2.

Five monitoring well borings were used to characterize the stratigraphy at AOCs 613 and 615 and
SWMU 175. The stratigraphy consists of fill, Quaternary clay, sand, and marsh clay overlying
the Ashley Formation. The Quaternary clay and sand deposits extend to a depth of approximately
15 ft bgs. Figures 10.7-3 and 10.7-4 present cross sectional views of the stratigaphy at the
combined site. The clay and sand samples exhibit an average grain size distribution of 7% sand,
37% silt, and 56% clay. The marsh clay deposits exhibit a grain size distribution of 7% sand,
48% silt, and 45% clay. The total depth reached by the monitoring well borings was 36.0 ft bgs
(61302D). Boring logs are contained in Appendix A.
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Figure 10.7-5 depicts the shallow groundwater potentiometric surface and inferred flow direction
at low tide. Very little difference in the static water levels and the overall flow pattern at the
combined AOCs 613/615 and SWMU 175 area were observed between high and low tide,
therefore no high tide potentiometric map is provided. The mounding observed at well 240003
is most likely due to recharge caused by the absence of pavement in this area. The cause of the
groundwater divide between wells GELOO8 and 613003 is unknown. The hydraulic conductivity
of the clay and sand deposits, calculated from slug testing, varied from 0.32 to 1.0 ft/day. The
shallow horizontal hydraulic gradient, based on Figure 10.7-5 ranges from 2E-02 on the east side
of the site to 2.4E-02 on the south side of the site. The horizontal flow velocity was calculated
to range from 6.4E-03 ft/day to 2.4E-02 ft/day in the shallow clay and sand deposits.

Figures 10.7-6 and 10.7-7 depict the deep groundwater potentiometric surface at the site and
inferred flow direction at low and high tides, respectively. A reversal of the overall flow pattern
at the AOC was observed between high and low tide. This is most likely due to direct hydraulic
connection with the Cooper River. The hydraulic conductivity of the marsh clay calculated from
slug testing, was 0.12 ft/day. The horizontal hydraulic gradient, based on Figure 10.7-6 was
5.9E-04. The horizontal flow velocity was calculated at 7.1E-05 ft/day in the deep horizon.
Comparisons of the vertical hydraulic gradients between wells GEL012 and 61302D at high and

low tides revealed a very consistent downward flow potential of 0.143 and 0.140, respectively.

10.7.2 Field Investigation Approach

The objective of the field investigation at AOCs 613/615 and SWMU 175 was to: (1) confirm the
presence or absence of contamination in the site area; (2) delineate any contamination found; and
(3) provide sufficient data to support a detailed evaluation of treatment alternatives, if required.

Media sampled during the RFI included soil, sediment and groundwater. Section 3 of this report
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details the methods used during the field investigation. Included in this section are descriptions
of the hollow stem auger procedures used for shallow well installation; the Rotasonic drilling
procedures used for the onsite deep well; the DPT sampling procedures used for soil and
groundwater screening sample collection; sediment and groundwater sampling procedures; and
miscellaneous procedures used during the field investigation. Also discussed are the analytical

protocols for sample analyses.

Appendix D contains the data report for samples collected in Zone F.

10.7.3 DPT Screening Survey

A DPT survey was performed in the AOCs 613/615 and SWMU area to identify the extent that
soil and shallow groundwater may have been impacted. Push sample points were spaced on
50- foot square grids, dependent on the layout of the site (buildings, obstructions, etc.).
Composite samples of unsaturated soil were collected at each grid node. Interval soil sampling
during the screening survey was considered unnecessary. This was because the site is mostly
paved, thereby reducing the potential for direct exposure and the impact of precipitation leaching
contaminants to groundwater from above the saturated zone. Screening soil samples were
analyzed for metals, SVOAs, and VOAs at DQO III. Though the work plan called for soil
analyses to include asbestos, this analysis was not performed. Groundwater samples were
collected at nodes which yiclded water. Groundwater screening samples were analyzed for similar
parameters as the soil samples, if sufficient sample volume could be collected. If insufficient
groundwater was available for full parameter analysis, priority for analysis was generally given
to VOAs. The sampling grid over the site area was densified as necessary to determine the extent
of contamination identified through the screening process. In all, 65 soil and 58 groundwater
screening samples were collected, along with six duplicate soil and five duplicate groundwater
samples, as depicted in Figure 10.7-3. Duplicates were analyzed for Appendix IX parameters at
DQO Level IV,
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The approved final RFI work plan proposed the screening survey results be used to optimize
placement of the 10 discrete soil borings, and the three shallow and one deep monitoring wells
proposed for this investigation. However, the soil screening data was of sufficient quality, and
site coverage extensive enough, for this data to be used in lieu of the proposed discrete soil
sampling. Therefore, no discrete soil samples were collected. Soil and groundwater screening
data were used for monitoring well placement as planned. Table 10.7.1 summarizes the

AOCs 613/615 and SWMU 175 screening samples and analyses.

Table 10.7.1
AOCs 613/615 and SWMU 175
Screening Samples and Analyses
Screening Sample Date
Location Identifier Matrix Collected Analyses Remarks
CUGIBSPOOL T 6I3SPOOIOL - Sell o 912196 . Notwl , :
o 613CP00101* ‘ ' - Note:2 - Diiplicate Sample
613GPO010Y. - Groundwater B
6135P002 613SP00201 Soil 9/13/96 Note 1 GPO02-SVOAs, VOAs
613GP00201 Groundwater See remarks only
61350372 5+ 6138P00301 Soil: - - 8729196 Note:1
T 613GP00301 Groundwater S
613SPO04 6135P00401 Sail 10/02/96 Note 1
613GP00401 Groundwater
613SP00OS - - BI3SP0ODSOL Sail " 10/03/9 Note1 -~ 'GPROOS-VOAs only
. “613GP00501 ~ Groundwater. =~ T T U See remdrks : R
613SP006 613SP00601T Soit 10/04/96 Note 1 GPO06-metals, SVOAs
613GP00601 Groundwater See remarks only
613SP007 6135P00701 Soil 912/%6: Note 1
we ] G13GP0701 Groundwater
613SP008 613SP00801 Soil 9/13/96 Note 1 GPO08-VOAs only
613GP00801 Groundwater See remarks
6138P009 6135P00901 Soil 8/29/96 Nois 1 © o GPOOI-VDAs only
613GPO0S0L Groundwater S U Seeremarks e L
6135P010 613SP01001 Soil 10/02/96 Note |
613GP01001 Groundwater
613SP012 6135P01201 Soil 10/10/96 i Note 1 o
613CP01201* Note 2 Duplicate Samiple
613GP01201 Groundwater See. remarks Sl :

JGPO12-VOAS only
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Table 10.7.1
AOCs 613/615 and SWMU 175
Screening Samples and Analyses
Screening Sample Date
Location Identifier Matrix Collected Analyses Remarks
6135P013 6135P01301 Soil 10/07/96 Note 1
» 613GP01301 Groundwater
- 6135P014 6135P01401 Soil 9/17/96 Note 1
6138SP017 6135P01701 Soil 10/03/96 Note 1 GPO17-VOAs only
613GP01701 Groundwater See remarks
. 6135P018 6135P01801 Soil 10/04/96 Note 1
6138P019 613SP01901 Soil 10/07/96 Note 1
» 613GP01901 Groundwater 10/08/96
. 613SP020 5135P02001 Sail 9/11/96 Note 1 GPO20-VOAs only
S 613GP02001 Groundwster 9/12/96 See remarks
6135P021 613SP02101 Soil 8/29/96 Note 1
) 613GP02101 Groundwater
-613SP022 6135P02201 Soil 9/15/96 Note ] GP022-VOAs only
613GP02201 Groundwater See remarks
» 6135P023 6135P02301 Soil 9/14/96 Note 1
" 6135P024 6135P02401 Soil 9/11/96 Note 1 GP024-metals, VOAs
613GP02401 Groundwater See remarks only
613SP025 6135P02501 Soil 8/28/96 Note 1 GP025-SVOAs, VOAs
613GP02501 Groundwater 8/29/96 See remarks only
613SP026 6138P02601 Soii 9/15/96 Note 1 GPO26-VOAs only
613GP02601 Groundwater See remarks
613SP027 6135P02701 Sail 9/14/96 Note | GP027-VOAS only
613GP02701 Groundwater 9/15/96 See remarks
6135P028 5135P02801 Soil 9/11/96 Note 1
613GP02081 Groundwater
613SP029 6135P02901 Soil 8/28/96 Note 1
613GP02901 Groundwater
613SP030 613SP03001 Soil 9/28/96 Note 1
613GP03001 Groundwater
613HPO3001# Note 2 Duplicate Sample
6135P031 613SP03101 Soil 9/14/96 Note 1 GPO31-metals, VOAs
613GP03101 Groundwater See remarks only
613SP032 6138P03201 Soil 9/10/96 Note 1
613GP03201 Groundwater
613SP033 6138P03301 Sail 8/28/96 Note 1
613GP03301 Groundwater
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Table 10.7.1
AOCs 613/615 and SWMU 175
Screening Sampies and Analyses
Screening Sample Date
Location Identifier Matrix Collected Analyses Remarks
 6138P034 6138P03401 Seil 9728196 Note 1
613GP03401 Groundwater
613SP035 6135P03501 Soil 9/16/96 Note 1
613GP03501 Groundwater
6135P036 613SP03601 Soil 9/09/96 Note 1
’ 613GPO3601 Groundwater
613SP037 6135P03701 Soil 8/30/96 Note 1
o 613GP03701 Groundwater
" 6135P038 613SPO3801 Sail 828196 Note 1
e 613GPO3301 Groundwater 9/16/96
613SP039 6135P03901 Soil 9/29/96 Note 1 GP031-metals, VOAs
613GP03901 Groundwater See remarks only
6135P040 613SPO4001 Sail 9/13/96 Note 1
613GPO4001 Groundwater
613SP041 613SP04101 Soil 9/10/96 Note 1
613GP04101 Groundwater
613HPOO10 * Note 2 Duplicate Sample
613SP042 613SP04201 Sail 9/03/96 Note 1
613GP04201 Groundwater
6135P043 613SP04301 Soil 9/09/96 Note 1
613GP04301 Groundwater
613SP044 6138P04401 Soil 8/27/196 Note |
613GP04401 Groundwater
6135P045 6135P04501 Soil 9/29/96 Note |
6135P046 613SP04601 Soil 10/09/96 Note 1
613GP04601 Groundwater
6138P047 6135P04701 Soil 10/08/96 Note 1
613GP04701 Groundwater
613SPO48 6135P04801 Soil 9/10/96 Note 1
613GP04801 Groundwater
6135P049 6135P04901 Soil 9/09/96 Note 1
613GP0490] Groundwater
6135P0S0 6138P05001 Soil 8/04/96 Note 1
613GPO5001 Groundwater
613HPO5001 * Note 2 Duplicate Sample
613SPO51 613SP05101 Soil 8/27/96 Note 1
613GP05101 Groundwater
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Table 10.7.1
AQCs 613/615 and SWMU 175
Screening Samples and Analyses
Screening Sample Date
Location Identifier Matrix Collected Analyses Remarks
6135P0S2 6138P0S201 Sail 10109196 Note 1
o 613GP05201 Groundwater
6135P053 6138P05301 Soil 9/17/96 Note 1 GPQ53-VOAs only
613GP05301 Groundwater See remarks
. 6138P0S4 613SP05401 Soil ©/17/96 Note: 1 GPO54-VOAs only
P 613GP05401 Groundwater See remarks
- 613SPO55 613SP05501 Soil 9/13/96 Note 1
 §135P056 613SPO5601 Sail 9/03/96 Note 1 GPO56-VOASs only
RIS 613GPO5601 Groundwater See remarks
6135P057 6138P05701 Soil 8/30/96 Note 1
613GP05701 Groundwater
© §135P0S8 613SP05801 Soit $/30/96 Note 1
’ 613GPO5801 Groundwater
613SP059 613SP05901 Soil 9/03/96 Note 1
613GP05901 Groundwater
613SP060 6138P06001 Swoil 9/03/96 Note 1
613GPO600T Groundwater 9/04/96
613SPO61 6138P06101 Soil 9/16/96 Note 1
6135P062 6135P06201 Soil 9/16/96 Note ']
613SP063 6138P06301 Soil 10/16/96 Note 1
613GP06301 Groundwater
613SP064 6135PO6401 Soil 10/15/96 Note 1
613GP06401 Groundwater
613SP065 6135P063501 Soil 10/14/96 Note 1
613CP06501* Note 2 Duplicate Sample
613GP06501 Groundwater Note 1
613HPO6501* Note 2 Duplicate Sample
6138P066 613SP06601 Soil 10/13/96 Note 1
613CP06601* Note 2 Duplicate Sample
613GP06601 Groundwater
613SP067 613SP06701 Soil 10/11/96 Note 1
613CPO6701* Note 2 Duplicate Sample
613GPO6701 Groundwater 10/12/96
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Table 10.7.1
AOCs 613/615 and SWMU 175
Screening Samples and Analyses
Screening Sample Date
Location Identifier Matrix Collected Analyses Remarks
6135P06S. 6135P06S01 - Soil 10/10/96 Nowl . HP063-Appendix IX
SIENCE S e oy 613CPO6R01* . ‘ L Note2 .  Duplicate Sample
613GP04801 Groundwater -~ J0F1/98 o Seevemarks L U VOAs only!
- GI3HPOGSOL* : : i Note 2 -~ Duplicate Sample

Notes:

SW-846 (metals, SVOAs, VOAs) at DQO Level III.

Appendix IX suite: Appendix IX (pesticides/PCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins, OP-pesticides); cyanides;
hex-chrome at DQO Level IV.

Duplicate sample.

(]
/i

»
[]

10.7.3.1 Nature of Contamination in Soil

Organic compound analytical results for soil are summarized in Table 10.7.2. Inorganic analytical
results for soil are summarized in Table 10.7.3. Table 10.7.4 presents a summary of all analytes
detected in soil at AOC 613/615 and SWMU 175. Appendix D contains a complete analytical data

report for all Zone F samples collected.

Volatile Organics in Soil

Fifteen VOCs were detected in surface soil samples. None of the detections exceeded its
respective RBC. Three VOCs were detected in the subsurface soil sample below the respective
SSL. No VOCs exceeded the RBC or SSL at the combined site.

Semivolatile Organic Compounds in Soil

Twenty-three SVOCs were detected surface soil. Concentrations of benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene were detected in surface soils
above their respective RBCs. Figure 10.7-8 illustrates the distribution of these compounds as total
BEQs concentrations in surface soil. Benzo(a)anthracene was detected in the subsurface soil

sample exceeding its SSL. Figure 10.7-9 illustrates the distribution in subsurface soil.
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Table 10.7.2

Zone F

AOC 613/615 and SWMU 178

Organic Compound Analytical Results for Seil

Number of
Frequency Range of Mean of Referemnce Samples
Sample of Detections Detections Conc.” Exceeding
Parameters Interval Detection { ugkg) ( wgkg) (1g/kg) Reference
Volatile Organic Componds ( ig/kg) .
2-Butanone (MEK} = Upper 22/65 3.0.550 Cs0 4700000 0
Lower o1 : ND © 0 ;. ND 790 - 0
2-Hexanone Upper 1/65 18.0-18.0 18.0 NL NA
Lower o1 ND ND NL NA
1,1-Dichloroethene Upper 2165 1020 ) 15 7&0(!!) . 0
Lower 0/1 ND = ‘ND 23000 . 0
1,1-Dichloroethene Upper 1/65 30-30 3.0 1100 0
Lower 0/1 ND ND 60 0
1,2-Dichloroethene (total) Upper 1765 I U R & 1 70000 0
‘ Lower 0/1 ND - ND 400 0
1,1,2,2-Tetrachloroethane Upper 1/65 32.0-320 320 NL NA
Lower 0/1 ND ND NL NA
Acetone - Upp'e‘r;‘:' 165 1 7800(” » 0
Benzene Upper 5/6s 15.0 22000 0
Lower 0/1 ND 30 0
Carbon disulfide Upper 12/65 2.0-1100 12.83 780000 0
Lower 1/t 14.0 14.0 " 32000" 0
Ethylbenzene Upper 2165 1.0-300 15.50 780000 0
Lower 171 32.0 320 13000 0

10.7.17



Zone F RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 — Site-Specific Evaluations
Revision: 0

Table 10,7.2
Zone F
AQC 613/615 and SWMU 175
Organic Compound Analytical Results for Soil

Number of

Frequency Range of Mean of Reference Sam ples

Sample of Detections Detections Conc.” Exceeding

Parameters Interlal Detection { uglkg) { 1g/kg) (uglkg) Reference
Methylene chloride Upper 7165 1.0.-50.0 16.0 85000 0
Lower 01 ND ND 20 0
Toluene Upper 5165 3.0-26.0 12.60 1600000 0
Lower 0/1 ND ND 12000 0
Trichlorosthene Upper 9/65 1.0-23.0 5.44 58000 0
Lower 0/1 ND ND 60 0
Vinyl chloride Upper 1/65 20-20 2.0 340 0
Lower 0/1 ND ND 10 0
Xylene (total) Upper 4/65 40-1200 35.50 16000000 0

_ Lower o a0 460 190000 o
Semivolatile Organic Compounds ( .:g/kg)

8EQ! . Upper 25165 88 15
© - Lower NA NA 1]
2-Methylnaphthalene Upper 10/65 66.0 -6800.0 1213.8 310000 0
Lower 1/1 43000.0 43000.0 12600 0
4Methylphenot (p-Cresol) " Upper 1165 CB10-8L0 L 39000 8
Lower 0/1 - ND: o ND 1380 0
Acenaphthene Upper 9/65 58.0 - 590.0 228.89 470000 0
Lower 1/1 570000 0
Acensphthylene Upper 1765 120.0 - 120.0 1209 470000 0
Lower 0/1 - ND ND 11000 0
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AOC 613/615 and SWMU 175
Organic Compound Analytical Results for Soil

Table 10.7.2

Zone F

Number of
Frequency Range of Mean of Referen.ce Sam ples
Sample of Detections Detections Conc. Exceeding
Parameters Interval Detection { g/kg) { Lglkg) (g/kg) Reference
Anthracene Upper 9165 89.0 - 3800.0 740.00 2300000 0
Lower 1/1 26000.00 26000.0 12000000 o
Benzo(a)anthracene Upper 17/65 43.0 - 2400.0 31391 ST R 1
Lower 171 5300.0 - 53000 2000 1
Benzo(a)pyrene Upper 22/65 47.0 - 1200.0 191.27 88 1
Lower /1 1200.0 1200.0 8000 0
Benzo(b)fluorenthene Uppet 16/65 46018000 300,84 . ss0 2
) Lower 1/1 2700.0: . 27000 v SNO . L
Benzo(g,h,i}perylene Upper 13/65 51.0-250.0 115.0 230000 0
Lower 1/1 360.0 360.0 4.66e+08 0
Benzo(k)flucranthens Upper . 16/65 236060 . . 8800 e
Lower. o CUND 45000 o
Benzoic acid Upper 10/65 69.30 31000000 0
Lower 0/1 ND 400000 0
bis(2-Ethylhiexylphthalate - Upper .. - 19/65 - 12074 46000 o
B S - Lower - oL CUNDL “3600000 0
Butylbenzlphthalate Upper 1/65 170.0 - 170.0 170.0 1600000 0
Lower o/l ND ND 930000° 0
Chrysens Upper 19/65 45.0 - 3000.0 436.42 88000 0
o Lower . 11 33000 3300.0 160000 o
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Table 10.7.2
Zone F

AOC 613/615 and SWMU 175
Organic Compound Analytical Results for Soil

Number of
Frequency Range of Mean of Reference Samples
Sample of Detections Detections Conc. Exceeding
Parameters Interval Detection ( ug/kg) ( ug/kg) (g/kg) Reference
Dibenz(a,h)anthracene Upper a4/65 46.0 - 1300 87.50 88 2
Lower 1/t 270.0 270.0 2000 0
Diberzofuran Upper 665 6404700 2000 a0 o
TR Lower 11 460000 - T 460000 240000 e
Di-n-butylphthalate Upper 1/65 74.0-74.0 74.0 780000 0
Lower o/t ND ND 2300000 0
Fluoranthene Upper 23065 U 620-45000 ’